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CAUSES AND PREVENTION OF ACCIDENTS IN THE IRON AND STEEL
INDUSTRY, 1910-1919.

CHAPTER L—INTRODUCTION AND SUMMARY.

This report endeavors to bring together the results of a study of
accidents in the iron and steel mmdustry which has been going on
in the Bureau of Labor Statistics during the last 10 years.

Preliminary to the investigation undertaken in 1910 a survey was
made of conditions in England, France, and Germany. Followin,
this, accident data were gathered covering, with a f};ir degree o
completeness, a 12-month period ending in 1910. An effort was
made to include the preceding year, but the material did not prove
to be such that it could be satisfactorily used. Fortunately some
of the larger companies had preserved records going back to 1907
and in a few cases to still earlier years. By means of these it was
possible to get a fair idea of conditions that prevailed at this earlier
period. The results of that investigation were published in 1913.t
While the report was still in preparation the bureau began syste-
matically to accumulate data from year to year. Assoon assuch data
were assembled for a five-year period a critical study of the facts was
was undertaken. The difficulties attending an adventure into un-
tried fields delayed its completion until 1918, when a second report
was published.? This included a review of a portion of the industry
(about 50 per cent) extending from 1910 to 1917. The detailed study
was confined to the five years 1910 to 1914. In these years the
number of workers varied from 202,157 to 319,919, the total for
the 5 years being 1,310,919. The total number of accidents con-
sidered was 232,909. For the earlier years (1907 to 1909) the
records of six plants were available. The number of their workers
varied from 19,481 to 29,766. This group carries the study back
to a point antedating the beginning of the organized safety movement.

PREPARATION AND USE OF RATES.?

A proper base.—While through usage the ‘“‘full-year or 300-day
worker’” had become the recognized standard in the preparation of

1 Conditions of Employment in the Iron and Steel Industry, Vol. IV, Accidentsand Accident Prevention,
8. Doc. No. 110, 62d Cong., 1st sess., 1913. .

2 The Safety Movement in the Iron and Steel Industry, 1907 to 1917, Bulletin No. 234 of the United
States Bureau of Labor Statistics.

33ee Chap. IL
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2 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

accident rates,* after careful consideration of the whole subject, the
committee on statistics and compensation insurance cost of the
International Association of Industrial Accident Boards and Com-
missions reached the conclusion that the most satisfactory base
would be the number of hours of exposure, sometimes designated
“man hours.” For example, a factory having an average employ-
ment of 1,000 and being in operation 2,750 hours during a year
~would have 2,750,000 hours of exposure or “man hours.”

"~ The recommendation of the committee, which is followed in the
present report, is that rates be expressed in relation to hours of ex-
posure in units of 1,000 hours and decimal multiples thereof. For
example, frequency of accident rates will be the number of cases per
1,000,000 hours of exposure.

Industrial rates.—It is possible and desirable to use this standard
of measurement not only in the consideration of accidents but also
in the study of many other phases of industrial life, such as, for
example, the various phases of “labor turnover.”

Accident rates—In all of its recent studies the Bureau of Labor
Statistics has used two forms of rates—accident frequency rates and
accident severity rates. Accident frequency rates, which show the
number of cases per 1,000,000 hours’ exposure, are fairly satisfactory
when applied to the same establishment from year to year or when
applied to works in which closely similar conditions prevail. They
fail entirely when it is desired to get an idea regarding the com-
parative hazard ef dissimilar departments and industries. To
meet this difficulty the bureau worked out early in 1914 a system of
time equivalents for the different sorts of injury, expressed in terms
of days lost. This system, in modified forms, ]zas since been in use

in the various publications of the bureau. The system now followed
is that which the committee on statistics of the International Asso-;

ciation of Industrial Accident Boards and Commissions finally,

evolved. In that system the fundamental equivalent is one of 6,000

days for death. Other equivalents adjusted to this are aPI‘plied to’

permanent disabilities, such as loss of arm (4,000 days). The sum

of such equivalents is then divided by the customary base, the,
hours of exposure, the resulting ratio per 1,000 hours’ exposure’

being the accident severity rate.

The need for such a rate may be strikingly illustrated by comparin,
the iron and steel industry with machine building. In one annua
ﬁeriod machine building had a frequency of 39.3 cases per 1,000,000

ours’ exposure. In a year showing similar conditions an iron and
steel plant had a frequency of 38.1. Even a casual acquaintance

with the two would be convincing that this apparently greater:
hazard in machine building could not be in accordance with the!

facts. The conditions of the iron and steel industry are certainly !
* more dangerous than those of the machine shop. A comparison of

severity rates is enlightening on this point. Machine building shows
1.8 days lost per 1,000 hours’ exposure, while the steel plant has

7.0 days. 1t 1s evident that the severity rate is greatly superior to

the frequency rate in measuring relative hazard.

The severity rate is applicable with equal or greater appropriate-
ness to the study of causes, location, and nature of injury and similar
subjects, and is so used in this report.

4 For the methods of determining this base, see p. 18.
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INTRODUCTION AND SUMMARY. 3
PHYSICAL CAUSES OF ACCIDENT—THE DEPARTMENTS COMPARED.

~ Each of the chief groups of accident causes, such as machinery,
falls, etc., is presented in Chapter III in such a way as to show as
clearly as possible the relative conditions in the various departments,
This 1s accomplished by presenting first a detailed showing of the
smaller groups into which each general cause group is divided and
then a summary table and chart. The method pursued may be
illustrated by the following specific eases:

Machinery.5~Considering machinery as a cause of accidents it is
found that the electrical department stands at the head of the
departments in which there were injuries from this cause, with a
rate of 31.38 days per 10,000 hours’ exposure, following which are
open hearths (19.25 days); fabricating (18.55 days); Bessemer
(16.74 days), and blast furnaces (14.52 days). It should be noted
that the inclusion of cranes and hoists under the heading “ machinery”’
materially inereases the rates, showing that under a correet classi-
fication power-driven machinery is the most serious of hazards.

Part of machine.*—Of the parts of machines classified as causing
accidents the ‘“‘point of operation’’ is responsible on the whole for
the greatest severity of injury; for examﬁle, it causes higher rates
than any other part of the machinery in the following departments:
Fabrication (5.04 days), sheet rolling mills (2.81 da.ysg), and the
mechanical department (2.23 days).

Operation or condition.”—In accord with the above it appears
that the operation of machines contributes most largely to severity
in a majority of the departments. Some of the departments showing
the higher rates for operation of machines are: Fabricating (3.71
days); blast furnaces (3.00 days); tube mills (3.04 days); and
mechanical departments (2.43 days).

Vehicles®*—In connection with vehicles as a cause of accidents,
yard employees suffer most seriously, their accident severity rate
from this cause being 54.35 days per 10,000 hours’ exposure; in fact,
no other single cause of injury shows so high a rate. Other char-
acteristic departments of the iron and steel industry showing high
severity rates from this cause are as follows: Blast furnaces (18.96
days); Bessemer (13.50 days); open hearths (11.77 days); heavy
rolling mills (5.92 days).

Hot substances.*—Regarding injuries due to heat the highest
soverity rate (24.98 days) oceurred in the electrical department.
While this was the case in this five-year period (1915 to 1919) it is
possible that this is exceptional. Other characteristic departments
are in the following order as regards severity of injury caused by
hot substances: Bessemer (24.03 days); blast furnaces (18.54 days);
open hearths (16.65 daffs). )

Falls of worker.*~—In this cause group the electrical workers
again head the list (11.21 days)., This is due largely to the hazards
0% the linemen, who must often work at an elevation and exposed
to electric shoeks which may cause falls. The blast furnace (7.41
days) evidently has a considerable number of falling hazards likely
to result in severe injury.

5 See Table 4, : gee %ag}e ]8(.)
8 See Table 5. ee Table 10.
7 See Table 6. 10 See Table 12.
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4 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Falling objects.*—The greatest severity (8.61 days) in-this cause
roup is found in the Bessemer department, followed by open hearths
%8.06 days), foundries (5.80 days), and blast furnaces (5.50 days).
Handling objects and tools*—This cause group is notable for
high frequency and relatively low severity. Sheet rolling mills,
which in all other cause groups is well down the list in severity, is
here at the top (5.49 days). This is due to a large number of more
or less severe cuts and lacerations of the hands arising in connection
with opening and handling the packs of sheets. The mechanical
department, next in order (5.25 days), is the typical tool-using
department and a considerable portion of its rate arises in connec-
tion with such use. That even here, where carefulness on the part
of the workers is a most important factor, there are possibilities
of improvement in an engineering way is illustrated by the experi-
ence of one company, which had numerous accidents due to nails
flying from hammers in their shipping department. After introducing
hammers with corrugated faces such accidents were materially
reduced.
Miscellaneous causes.—In this group blast furnaces (14.03 days)
have the serious hazard. This is due to the exposure to asphyxiat-
ing gas, which continues to claim a number of victims each year.

PHYSICAL CAUSES OF ACCIDENT—THE DEPARTMENTS ANALYZED.!3

As it is impossible to make a summary of the chapter on this
subject, only some of the conspicuous points are here touched upon.

In order to determine the importance of the influences which act
upon accident causes it is necessary to follow the course of the rates
from year to year and also to know somewhat intimately the history
of the changes in equipment and method which have occurred during
the same period.

BLAST FURNACES.!

In blast furnaces the characteristic accident cause groups are subdi-
visions of the general group of ‘“hot substances.”” They are ‘‘break-
outs,” ‘““explosions’’ connected with slips, and ‘“gas flames.”” Each
of these has its appropriate remedy in some form of structural im-

rovement. AspI})1 xiating gas is also a serious menace in the blast
urnace and must {e controlled, if at all, by better construction.

The course of accidents from year to year will be shown to better
advantage at a later point where the experience of the departments
is detailed more fully. In this connection it is sufficient to ecall
attention to the fact that the fairly steady decline which appears
in the rates is not confined to any particular group of causes. gome
causes are naturally much more sensitive to fluctuating industrial
conditions than others, but all of them have been influenced by the
efforts at prevention which have been in progress during the period.

Much light is shed upon the proper point for applying effort at
accident control by considering tEe relation of speciaf)occupations to
the causes. For example, it appears that injury from hot substances
is much more common among the members of the cast-house crew
than among other blast-furnace workers, while asphyxia is distributed

11 See Table 14. 18 See Chap. IV,
12 8ee Table 15. 14 See pp. 51 to 66.
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INTRODUCTION AND SUMMARY. 5

almost uniformly. Such facts indicate guite definitely the limita-
tions and particular direction of special effort.

STEEL WORKS AND FOUNDRIES. @

Steel works and foundries present in a modified form the hazard of
‘““hot substances.” The effective control is along lines similar to
those su%gested for blast furnaces.

Open hearths.—Among the occupations of open hearths common
labor has much the highest frequency rate. In injuries due to ‘“hot
substances,”” for example, the rate is 30.1 cases against 14.0 cases for
ﬁouﬁng-}l])llatform workers, who stand next. In fact, common labor

as the highest rate in each cause group except ‘‘handling tools and
objects”’ in which, naturally, the class of workers which includes the
specially tool-handling mechanics is highest, with 8.3 cases, while
common labor has 4.9 cases.

Bessemer steel works.—The Bessemer department has two items
of procedure peculiar to itself which require some special efforts at
control. When the blast is turned into the converter many molten
particles are thrown out. Ordinarily these are not of a size to be
garticularly dangerous, but at times they may cause serious burns.

creens protecting the workers are now frequently used with good
effect, but more important probably is the adoption of a plan of
work which does not require the men to expose tﬁemselves as much
as formerly. 'The second item is the throwing of heavy masses of
scerap into the converters. When this was done directly the men
were exposed to great heat and often the masses of scrap would fall
to the pit floor, seriously endangering anyone working there. In the
best plants this is now done behind water-cooled screens and through
chutes which make a fall to the floor below nearly impossible.

ROLLING MILLS.!

In heavy rolling mills the element of hazard which appears to be
most difficult to control is ‘“hot substances.” In all other particu-
lars there is marked improvement. This control has been due
largely to the introduction of improved machinery, both in the appa-
ratus used directly in the rolling process and in such accessory appa-~
ratus as cranes.

In tube mills there is a combination of mill processes with machine-
shop conditions, making the problem of control quite different.
These mills have scored a remarkable success in the reduction of
accident frequency, while the severity rate, fairly low at the begin-
ning, has underfi{one relatively much less change.

The sheet mills present the unusual condition of a rising frequency
rate while the severity rate is falling. This was found, on analysis,
to be due to the group of employees particularly characteristic of this
department. en all sheet-mill workers are taken as a unit the
show declining rates. The ‘“hot-mill crews,” however, when isolated,
have rising rates in both frequency and severity. It is probable that
the rate being generally lower than in other departments and the rise
not being very conspicuous, less attention has been given to conditions
than they have deserved.

a See pp. 67 to 76, 15 See pp. 76 to 83.
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6 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

MECHANICAL, FABRICATING, AND YARD DEPARTMENTS.!¢

The control of accident causes in mechanical and fabricating
o%)erations must in the nature of the case be considerably a matter
of personal care. So many of the operations are of a personal and
manual character that the individual worker’s attitude must be a
material factor. Indeed, it has been found that whenever an effort
which succeeds in interesting the men of such departments is under-
taken the frequency of accident at once begins to decline in a remark-
able manner.

Mechanics and fabricators are the typical machine users. It is
therefore in these departments that the relative importance of work-
ing machines and otﬁer similar forms of hazard can be most readily
determined. In no year covered by this study did the contribution
of machines to the severity rate exceed 30 per cent. The average is
about 10 per cent and it sometimes drops to 4 per cent. The working
machine is therefore not a negligible source of injury, but is of rela-
tively minor importance.

The yard department has its chief danger in the operation of power
vehicles. In the plants studied the greater number of cases arise
from coupling and wuncoupling cars. The obvious remedy is the
introduction of automatic couplers. The severity rate receives its
greatest contribution from the men being run down by moving loco-
motives and cars. A study of these cases shows beyond question
that improvement in such matters as grade crossings, clearances,
permanent signal apparatus, and safety appliances on cars and loco-
motives is the main factor in an improved general condition.

RELATION OF ACCIDENT CAUSES TO LOCATION, NATURE, AND RESULTS
OF INJURY."

There has been attempted in this report a sort of study which has
not hitherto been tried on any considerable scale. The number of
cases arising from a given cause and affecting different portions of
the body has been commonly presented, but no one has hitherto
a};glied the method of severity rating to indicate the varying hazards
which a workman encounters of being injured from the operation of
1(t:)elz.il;a.in causes which have their incidence upon definite parts of the

ody.

CAUSES AND LOCATION OF INJURY.!®

In blast furnaces the cases which can not be classified either by spe-
cific cause or bodily locality have the highest severity rate (10.28 days).
In the Bessemer department hot substances which affect the body
in general have the highest rate (14.68 days). The same situation
prevails in open hearths (10.81 days). Foundries have the greatest
severity in cases due to machinery and affecting the thorax and
pelvis (5.94 days). Machinery leads in heavy rolling mills, but no

articular locality is notably affected. Tube mills show a high rate
3.58 days) for injuries to parts of the head and for those to the
thorax 8‘:’».64 days), due to machinery. Sheet rolling mills have
marked severity for injuries from handling objects, which are natur-
ally located on hands and fingers. The fabricating department

16 See pp. 83 to 87. 17 See Chap. V. 18 See pp. 88 t0 103.
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INTBODUCTION AND SUMMARY. 7

suffers most from injuries due to machinery, injuries to the thorax
being most important (3.66 days). In the electrical department
injurles from machinery are the most severe, those to the skull (9.62
days) being the most serious. Mechanics are most seriously injured
l;y machinery, particularly in aceidents to the thorax (4.06 days).

ard employees are sufferers particularly from injuries to the thorax
(16.51 days), eaused by vehicles.

CAUSES AND NATURE OF INJURY.?

Blast furnaces.—The machinery of this department causes frac-
tures (7.26 days) and crushing injury (3.57 days) of most noteworthy
severity. Asphyxiating gas (9.14 days), included under ‘“unclas-
sified causes,” appears %ere, as elsewhere, as a serious hazard.

Bessemer.—The effect of hot substances, including electricity, is
shown by the rate for burns (23.99 days). Next in order come
vehicle accidents causing crushing injury (12.36 days) and machinery
causing crushing injury (11.38 days).

Open hearths—Burns arising from hot substances and electricity
have the highest rate (16.61 days) in this department.

Foundries—Hot substances producing burns (7.00 days), mach-
inery causing crushing injury (6.59 days), and machinery causing
fracture (3.83 days) are the noteworthy i1tems for foundries.

Rolling malls.—The highest rates in the several types of rolling
mills are, for heavy rolling mills, hot substances producing burns
(5.45 days); for plate mills, machinery producing fractures (7.52
days); for tube mills, machinery producing crushing injury (6.50
days); and for sheet rolling mills, handling o%jects or tools producing
laceration (1.81 days).

Fabricating.—Crushing injury due to machinery (7.93 days),
fracture due to machinery (5.43 days), and crushing injury due to
falling objects (2.19 days) are serious rates in fabricating.

Electrical.-—Machinery ecausing crushing injury (15.43 days),
machinery causing fracture (14.76 days), and shocks by the electric
current (14.32 days) contribute largely to severity in this department.
The hazard of electric shock is very characteristic, though not con-
fined to this department. One group of employees, the linemen, are
particularly liable to falls resulting in fractures (10.44 days).

Mechanical.—The mechanics have suffered during this period con-
spicuously from crushing injury due to machinery (5.10 days) and
falls of worker resulting in fracture (3.64 days).

Y ards.—Crushing injury caused by veﬂjcles (35.71 days) stands
out above all others in this department.

CAUSES AND RESULTS OF INJURY.?

Results of injury are classified under three headings—* Death,”
‘Permanent disability,” and ‘“Temporary disability.”” When pre-
sented by means of frequency rates the figures increase in the order
named. This inevitably conveys an impression of importance re-
lated to the size of the figure. For example, if the death rate is 0.8
cases per 1,000,000 hours’ exposure, permanent disability 2.5 cases,
and temporary disability 35.0 cases, it is difficult not to think of tem-

19 See pp. 103 to111. 20 See pp. 111 to 120,
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8 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

porary disability as being not only more numerous but also of larger
significance.

On the other hand, when in blast furnaces the death rate is stated
to be 10.22 days per 10,000 hours’ exposure, permanent disability
3.72 days, and temporary disability 0.58 day, the impression given
by the relative size of the figures is the proper impression and no men-
tal correction is necessary to give them a true perspective.

The severity rates for the various departments of the iron and steel
industry for the period 1915 to 1919 classified by causes and results
of injury are shown in Table 38.

VARIOUS RELATIONS OF LOCATION, NATURE, AND RESULTS OF
INJURY.2

The causes of injury and how they are related to the departments
and to the worker have been considered. Besides these relations,
which are of rather fundamental importance in seeking a solution of
the accident problem, there are a number of interrelations which shed
light on various portions of the field.

These can not be summarized to any advantage but will be found
in detail in Tables 39 to 46.

HUMAN FACTORS IN CAUSING AND PREVENTING ACCIDENTS.2

Three human factors influence more or less directly the occurrence of
accidents, namely, the management, the foreman, and the worker
himself. An effort has been made to investigate the nature of this
influence and to suggest ways in which satisfactory results may be
attained.

THE MANAGEMENT.

Since the influence of this factor can not be readily presented in a
statistical manner it is not treated with great fullness. It is beyond
guestion more important than this summary dismissal of it would in-

icate. A management in full sympathy with the safety movement
and devoting to it the same sort of attention as that given to produc-
tion is sure to get results. These may be expected to correspond to
the efficiency of the organization as a going concern. If the produc-
tion end is handled well, the safety feature will be apt to share in the
general prosperity.
THE FOREMAN.

The importance of the foreman has been emphasized from the be-
ginning. Judged by results obtained no experiment deserves more
critical attention than that of offering an accident reduction bonus to
foremen.

An attempt has been made to develop the facts regarding a test of
the foreman’s accident reduction bonus on a fairly large scale and cov-
ering a considerable period of time. The conclusions which seem
justified are the following: 1. A foreman’s bonus for accident reduc-
tion will very greatly reduce minor injury; 2. Such a bonus will not
necessarily produce satisfactory results as to severe injury. In fact,
unless coupled with active use of other measures, the tendency will
be to a stationary or rising severity rate.

2 See Chap. VI, 22 Sge Chap. VII.
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INTRODUCTION AND SUMMARY. 9

THE WORKERS.

The very qualities which make a worker adaptable in industry will
at times lead to his doing things which materially increase his hazard.
Conditions of mind and body entirely out of the control of the worker
may influence his accident rate. The results of these various condi-
tions are set forth with some particularity on pages 167 to 191.

Inexperience.—Wherever it has been possible to isolate groups of
relatively inexperienced men? it constantly appears that accident
rates are in some degree proportional to the lack of experience on the
part of the worker. "Whenever the ‘“ new-man accession rate” is high,
accident rates will rise, and a decline nearly always sets in whenever
the “accession rate’” begins to decline.?* Extreme inexperience® is
particularly likely to show high accident rates.

Selective discharge.—Whenever business depression comes on the
less desirable men will bé the first to go. The result will be a force of
relatively greater experience and of more reliable character. This
influence must be quite important in the lowered accident rate of
periods of depression.

Geographic location.—Some plants in which safety work of high
grade has been done appear constantly to have a higher accident rate
than others in which safety work of no better quality is being done.
It has often appeared that such plants were so located that they were
in the nature of “ports of entry” to the steel business and on this
account had a larger contingent of inexperienced men.

Influence of age.**—The diversity of occupation which is very likel
to be characteristic of different age groups makes it extremely diffi-
cult to determine whether age is an important factor in determining
accident rates. The available information seems to indicate that in
age groups whose duties are tolerably similar the group of less experi-
ence will have the higher rate.

Ability to speak English and accident rates.”—Whenever it has been
ossible toisolate and contrast groups which could and could not speak
nglish, the group which had not acquired the language had the higher

accident rates. It may be seriously questioned whether this defective
knowledge was the main factor in the higher rate. It must have some
influence, but these non-English speakers are also without experience,
and that lack may be more important than their deficiency in the
matter of language.

Day and night accident rates.—Evidence is abundant that in heavy
employments the night turn is more dangerous than the day turn.
Two influences immediately suggest themselves as responsible for this
condition: (1) Imperfect lighting and (2) a condition of the worker
rendering him more liable to accident. It is evident that develop-
ments in the direction of more adequate li]g{rhting and tending to im-
prove the physical condition of the worker have had a salutary
influence.

Conjugal condition.—If the attitude of the worker in the matter of
personal care is the main factor in the determination of accident rates,
then those married and having dependents might be expected to show
lower rates. The only case where it has been possible to examine any
considerable body of data yields negative results. No constant and
significant differences can be discovered.

2 8ee Table 50. 2 See Tables 51 and 52. 2 See Table 56.
24 8ee Chart 10. 2 See Table 53.
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10 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Use of alcohol and accident rates.—There is very great difficulty
in determining a point like the influence of the use of alcohol upon
accident rates. It is comparatively simple to isolate the cases due to
some physical cause such as machinery. If a man is caught and
crushed the fact becomes a matter of record. What his physical con-
dition was at the same time, due either to alcohol, loss of sleep, or
domestic worry, it is almost impossible to determine, and it is still
more difficult to reach a conclusion regarding the degree to which this
condition contributed to his injury.

In one plant some records were found which appeared to bear
directly on the question of the influence of alcohol. The extent to
which discipline had been administered for alcoholic indulgence had
been recorded. When these records were put in the form of rates, it
was evident that such disciplinary action had been much more fre-

uent on the night turn. The night accident rates were higher.
%Vhen the two sets of rates were compared over a series of years, it
appeared that both disciplinary action and accident rates in the
night turn had been declining in close parallelism. The conclusion
would seem well founded that the lessened alcoholic indulgence
evidenced by the declining disciplinary rates was a factor in the cor-
responding decline of accident rates.

t is probable, but not statistically demonstrable, that the fact
that rates did not rise so high in the war period as in the preceding
interval of industrial stress in 1913 was due in part to the restrictions
applied to the dispensing of alcoholic drinks.

istridbution of accidents through the working hours.?®—Tabulation
of the hour-to-hour distribution was originally undertaken in the
hope that it would shed some light upon the question of the influence
of fatigue in industry. To the compilations hitherto made figures
for the five-year period 1915 to 1919 have been added, but this new
material serves simply to emphasize the conclusion that in such mills
as those of the iron and steel industry other factors are so much more
influential that the fatigue factor is completely masked.

The United States Public Health Service issued a bulletin (No. 106)
in February, 1920, discussing accident distribution and the influence
of fatigue. It may be said that this study goes far toward estab-
lishing, in certain types of activity, a constant relation between
fatigue, output, and accident occurrence.

«“ ENGINEERING REVISION.” ®

It has commonly been assumed that there is such a thing as an
“irreducible minimum” of accidents which safety effort would
finally reach and below which it could not be expected to igo. The
first thing to suggest that such an expectation was not as favorable
as it might properly be was the study of severity rates. It then
appeared that in getting rid of cases of high severity application of
engineering skill had been not only an important factor but probably
the most important factor.

For example, consider the experience in blast furnaces. In the
earlier days a very large contribution to severity arose in connection
with hot-metal ““breakouts.’”” In one furnace such an event caused
the death of 14 men. As the rates from breakouts are followed from

28 See Table 60. 2 See Table 61. 30 See Chap. VIIL
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INTRODUCTION AND SUMMARY.. 11

year to year it is possible to trace a steady decline in severity related
to a 1pro,c:;ressive increase in strength of construction of the furnaces.
Finally, in the group of furnaces whose results were considered,
“breakouts” came practically to an end. As a result of this, the
severity rate was diminished by 19.6 days per 1,000 hours’ exposure
when 1906 and 1913 are compared. On the other hand, causes de-
pending largely on personal care, such as ‘“handling tools,”’ made a
very meager contribution to the declining severity rate. Contrast
a diminution of 19.6 days in severity rates which was due to the
“engineerin% revision” which stopped ““breakouts” with 2.4 days in
“handling objects and tools.”” A part of this reduction in “handling
objiacts and tools” must be attributed to improved form and care of
tools.

If it be accepted that “engineering revision” is the main reliance
in the effort to get rid of severe injury, no limit can be set. Human
carefulness can not be immediately perfected, but physical conditions
can be to the point of making serious injury of rare occurrence. This
conclusion is reinforced by a study of fatal cases and the nature of
the injury which caused them. Most important is the result arrived
at by studying the records of safety committees. In one group of
accidents it was found that 57 per cent of severe cases were amenable
to prevention by engineering methods and in another group 65 per
cent. The increasing use of men having an engineering training in
the handling of safety problems should have an important bearing
on the reduction of severe injury.

THE ACCIDENT RECORD TO 1920.

The accident record of the several departments up to 1919 is pre-
sented in Chapter IX in various forms. In each case there is a tabu-
lar record which includes the number of full-year workers covered in
each of the years, the number of accident cases, classified by deaths,
permanent disabilities, and temporary disabilities, and the accident
rates, both frequency and severity. On the basis of this table and
other available information three charts are presented for each de-
partment whenever possible. The first of the charts shows the
severity rates for the years 1910 to 1919, including also the year 1907
whenever possible; the second shows the percentage of change in
both frequency and severity rates from year to year for the decade
1910 to 1919; the third presents the result of ‘“smoothing” the
curves by using a five-year interval terminating with each year from
1911 to 1919.

The industry.**—Two points noticeable in the industry are found
in many of the departments thereof: (1) The rates for the year 1907,
which antedates any well-organized effort toward safety, exceed
those of any later year in every particular; (2) the years of high in-
dustrial activity show rising accident rates. The high points in the
rates per 1,000 hours’ exposure are 1907 (7.2 days), 1910 (5.2 days),
1913 (4.3 days), and 1917 (4.0 days).

The fluctuation chart shows that between these high points, form-
ing an irregular declining series, are periods of low rates corresponding

31 See Table 65 and Charts 15 to 17.
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12 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

to industrial depression. The trend chart indicates a very steady
downward movement in frequency and a similar but less regular
decline in severity.

Blast furnaces®—This department presents the most marked con-
trast between the year 1907 and later years. It is a little disquieting
to observe that while the general trend has been downward to the
five years ending 1918 the yearly rate during the five-year interval
1915 to 1919 goes steadily up and reachesin 1919 the same level as in
1912 and 1913. This can not continue without seriously impairing
what has been an excellent record.

Interesting contrasts between the different blast-furnace occupa-
tions are presented. The second five-year period (1915 to 1919)
shows a marked change for the better in each occupation. This is
especially the case with cast-house men and appears to be related to
changes 1n structure and method which lessen the hazard of burns.

Bessemer.#—In this department the record is very erratic and the
second five-year period has a slightly higher severity rate (6.9 days)
than the first (6.4 days). The low severity of 1907 (5.4 days) is
doubtless due to the fact that the exposure was small and in plants
which even then had conditions better than the average.

Open hearths.**—The five-year period 1915 to 1919 has a slightly
lower severity (6.5 days) than the five-year period 1910 to 1914
(6.6 days). The war period shows a rather violent rise both in fre-
quency and in severity. This was sufficient to produce an upward
trend of severity for the years 1918 and 1919. Severity ranges from
the high rate of 1907 (14.4 days) to the low rate of the years 1915 and
1916 (4.2 days).

Foundries.®>—Severity having been constantly lower in foundries,
it may be that the need of effort has not generally impressed those
responsible for this industrial group. The severity rates run an er-
ratic course and when subjected to the smoothing process do not
indicate any fundamental improvement. That this failure to im-
prove is not necessary is shown by the experience of a group of plants
1n which it was possible to determine for the two 5-year periods the
occupational rates. For each occupation except melters and their
helpers, the rate is less in the second period than in the first. For
the melters the rate is the same in both periods (2.4 days).

Heavy rolling mills.**—The second five-year period shows a higher
severity rate (3.9 days) than the first (3.6 daysy. It is evident, how-
ever, on observing the fluctuation chart and the trend chart, that
some material improvement has occurred. The war period had a
marked influence in forcing the severity rates up, but this was not
sufficient to offset declines which had previously occurred.

Plate mills.—These mills show a remarkably regular decline over
the period prior to the war. The severity rate drops from 6.6 days
in 1910 to 1.9 days in 1915. Following the year 1915 is the usual
rise which is so constantly associated with the beginning and prog-
ress of the war. The peak is reached in 1918 (3.0 days).

Sheet mills.**—These mills present the most consistently declining
rates of any department. Over the 10 years, 1910 to 1919, the

82 See Table 66 and Charts 18 to 20. 36 See Table 73 and Charts 30 to 32.
8 See Table 68 and Charts 21 to 23. 87 See Table 74 and Charts 33 to 35.
3 See Table 69 and Charts 24 to 26. 3 See Table 77 and Charts 36 to 38.

35 See Table 70 and Charts 27 to 29.
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INTRODUCTION AND SUMMARY, 13

severity rate drops from 4.3 days to 1.1 days. The two 5-year
periods have rates of 2.6 days and 1.5 days.

Tube mills®—These mills present a mixture of processes which
renders the rates somewhat uncertain. The rolling of the tubes
presents hazards much like those of the ordinary rolling mill, while
the finishing, which involves cutting the tubes into lengths and
threading the ends, is essentially a machine-shop operation.” It is in
part this element of machine-shop hazard which accounts for the
relatively low rates of the department. The severity rates have
been highly irregular, but when the two 5-year periods are compared
they show rates of 2.2 days and 1.8 days respectively.

Unclassified rolling mills.®*—These mills vary considerably but are
largely of harid-operated types. The severity rate of the first 5-year

e.rio)d (3.7 days) is notice};%ly higher than that for the second (2.1

ays).

Fabricating shops.'—These shops make great use of overhead
cranes and have a high severity rate from that cause. The rate for
ghe five years 1910 to 1914 is 3.4 days, and for 1915 to 1919 is 2.6

ays.

Wire drawing.2—Due to accidents resulting from entanglement in
the wire as it is drawn toward the block, this department shows
unusual severity in permanent injuries. Severity in the two 5-year
periods is 3.2 days in the first period and 2.6 days in the second.

Electrical department.®*—The record for this department is a serious
disappointment. It shows a rather high severity and the department
does not seem to have made any progress. For 1910 to 1914 the
rate is 6.3 days and for 1915 to 1919 it is 7.2 days. The fluctuation
chart shows a great decline during the depression prior to the war, with
an immediate rebound to a point as high as in the prewar days. Ithas
been demonstrated that the department can %e conducted more
safely than this record suggests. One considerable group of plants
which has been studied regarding causes of accident has a severity _
rate of 5.2 days per 1,000 hours’ exposure instead of 7.2 days. With
this group removed from the total the rate of the remainder would
be still higher.

Mechanical department.**—The earliest year for which a rate could
be determined was 1908 (6.6 days). The rate for the second five-
year geriod (3.5 days) is distinctly lower than the rate for the first
period (4.0 days). The fluctuation chart shows frequency and
severity running a much more nearly parallel course than is the case
with some of the departments. There is reason to believe that
fatal injury is more frequent among the mechanics than would be
the case if physical conditions were made as good as they should be.

Yards.®—This is another department which it must be admitted
does not record any material improvement. The rates for the
5-year periods are almost identical (6.0 days in 1910 to 1914 and 6.1
days in 1915 to 1919). It has been elsewhere pointed out that the
department presents peculiar difficulties in the fact that many plants
have outgrown the space to which they are confined. This situation
produces a congestion of transportation operations particularly
troublesome to the safety man.

2 See Table 78 and Charts 39 and 40. . 18 8ge Table 83 and Charts 47 and 48.
40 8ee Table 79 and Charts 41 and 42, 4 See Table 84 and Charts 49 and 50.
41 See Table 80 and Charts 43 and 44. 4 See Table 86 and Charts 51 and 52.

42 See Table 82 and Charts 45 and 46.
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14 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Erection of structural steel.*—The rates here recorded for this
department demonstrate conclusively that the structural-steel
workers are exposed-to a more serious hazard than any other indus-
trial group. The severity rate due to fatality is 18.1 days per 1,000
hours’ exposure. This may be contrasted with brakemen in railway
Yyards (16.6 days), road freight brakemen (14.1 days), electrical
workers (5.7 days), and blast-furnace employees (4.7 days). The
five years 1915 to 1919 show a marked improvement over the 3-
year period 1912 to 1914. The general severity rate declined from
31.4 days to 22.3 days. The work is difficult to deal with from the
safety standpoint, but this record and the experience of construction
companies prove that much can be done.

Other departments.*”—A tabular record of the following departments
is shown on pages 272 and 273 without comment: Coke, armor plate,
axle works, car wheels, docks and ore yards, fence weaving, nails,
and unclassified.

A new accident standard.®*—It seemed, when the records were
finally brought together for the five years 1910 to 1914, that they were
sufficiently extensive to be regarded as a fair standard by which the
industry and its departments could be measured. The rates reflected
the average experience for the period covered. While some of the
departments show higher rates in the later period, it seems on the
whole appropriate to displace the rates of the earlier period by this
later showing. To equal the average of the industry ought not to
be regarded as a particularly honorable achievement; to better it
will help in establishing that still higher standard which ought to be
worked out; to fall below it may be misfortune or it may be indiffer-
ence and inefficiency.

THE WAR AND ACCIDENT RATES.*

Constant reference appears throughout this report to the influence
of the war period. It has been possible to present a series of condi-
tions which bring out with especial vividness the characteristic
fluctuations which obtained during the war.

Basic departments.—A picture of the course of events in a large
group of establishments is provided by Charts 54 and 55. These
were chosen because both frequency and severity could be determined.
Frequency both for nondisabling and disabling accidents was very
irregular from month to month as shown in Chart 54, but the extreme
of fluctuation is found in the severity rates. In order to make the
trend more evident, in Chart 55 the curves have been ‘‘smoothed.”
This brings out the fact that from the year ending December, 1914,
there was a decline for some time, followed by a marked rise extending
throughout the period in which industry was adjusting itself to the
war burden. A second period of rising severity rates, extending to
the year ending November, 1918, may represent unusual industrial
activity. Unfortunately it was not possible to show on the chart

ears back far enough to show that this war-time peak was not as
Eigh as that of 1913. This becomes evident in Chart 56 which
presents simply the employment and the accident frequency curve.

6 See Table 87 and Chart 53, 4 See Table 89,
¢ See Tabie 88. 4 See Chap. X.
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INTRODUCTION AND BUMMARY., 15

Plants producing various products.—It having been shown that a
certain general course of aecident rates characterized the industry
during the disturbance due to the war, it becomes important to
inquire whether all forms of production share in this tendency or
whaether some may be of sufficient weight to control the curves against
a different course for others. In Chart 57 it is shown that all the
chief forms of production were influenced in practically the same way.

Effect o the various causes.—A third test may be applied by follow-
ing the various causes from year to year. This may be done in Table
94. TIn this table it is shown that each of the principal cause groups
and most of the subordinate causes run a simillt;r course. It may be
concluded that while war conditions disturbed industry exceedingly
they intreduced no new factors into the situation. The sort of effort
whach had proved effective under ordinary conditions was likewise
adapted to produce results under war conditions if applied with an
energy proportioned to the situation.

STATISTICAL METHODS FOR THE SAFETY MAN.®

In Bulletin No. 234 a chapter was devoted largely to the presenta-
tion of safety organization. It has been suggested that in this report
the subject be still further elaborated. T%e available literature for
the guidance of the safety man is now so extensive and readily avail-
able that it does not seem necessary to attem}ﬁt a summary of it here,
and accordingly only those statistical methods which have been
found useful in the course of the bureau’s accident studies are
considered.

Forms and methods in use by the Bureau of Labor Statistics.—The
facts regarding accidents are best presented by means of rates of
various sorts. These are essentially ratios between the exposure to
hazard expressed in terms of hours, regarded as a base, and the num-
ber of accidents, the equivalent time losses, and such other items as it
may be desired to study. The necessary information regarding ex-
posure is gathered annually upon a blank on which “man-hours” are
entered, or, if they are not a matter of record, information regard-
ing number of men, days of operation, and length of day or turn,
from which ‘““man-hours” may be computed.

For accidents two methods of reporting are in use: (1) Tables classi-
fying the occurrences by departments and by the character of the
result, such as death, loss of hand, or temporary disability of varyin,
duration, and (2) records of individual cases entered upon a car(gi
on which are spaces for such items as age, sex, cause of accident,
nature of injury, etc. A portion of each card is arranged for the
entry of code numbers, into which the information mentioned above
is translated. When the translation into code is completed the
numbers are transferred to punched cards, which can be sorted and
tabulated with great rapidity by means of sorting and tabulating
machines.

Records and charts—The safety man must often present the facts
to the management in such form as to arouse interest and afford
information regarding the results of his efforts. For this purpose he
uses tabulations and more frequently some form of chart. When

80 See Chap. XI.
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16 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

it is desired to compare absolute amounts some form of bar chart
is used, preferably with the bars horizontal (e. g., Chart 15).

In order to follow the trend of events without the disturbance due
to local and temporary conditions it is often desirable to employ some
‘““smoothing” process. This is usually accomplished by introducing
between the figures for the successive calendar years a series of figures
for the years terminating with each month. In this way each point
determined on the chart represents not an individual month ls)ut a
full year.® The ‘“smoothing” process is adapted to the study of
accident causes as well as to the departmental data.? For the study
of the changes occurring in accident rates the comparison of absolute
amounts such as is possible by means of arithmetic tables and charts
is not adequate. It is usual to express rate changes in terms of
gercentage; for example, a 50 per cent rise or a 30 per cent yfall,

ome form of graph which projects these Bercentage changes is
53

needed. This is afforded by the “ratio chart.

61 See Charts 54 and 55. 63 See Chart 60. 63 See Charts 58 and 59.
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CHAPTER IIL—PREPARATION AND USE OF RATES IN THE
STATISTICAL STUDY OF INDUSTRY.

THE DETERMINATION OF A PROPER BASE.

The rates which form the subject matter of vital statistics—
namely, birth and death rates—have long been familiar. The base
used in computing them is the population of the area under considera-
tion. For example, a city having 100,000 population in which 1,500
deaths occurred 1 a certain year would be said to have a death rate
of 15 per 1,000 population. When industrial matters, such as aceci-
dents, came to be considered from a statistical standpoint it was
natural, even inevitable, that a similar basis would be chosen.

In the early attempts at accident statistics, attention was limited
to the number of accidents occurring in a given plant or group. But
mere numbers, of course, meant nothing unless related to the number
of persons exposed to accident. This led to the custom of expressing
accidents in terms of so many per thousand workers, and constituted
an approach to a correct method. To say that a given industry
had an accident rate of 100 per thousand workers does convey a
definite idea, and can be compared with a rate of, say, 300 per thou-
sand workers in another industry. But the method was extremely
crude, because the basic figure ‘1,000 workers’” was indefinite and
variable. Usually it was derived by rough estimate as to the number
of persons employed, such as averaging the number employed at
different times of the year or averaging the pay rolls of the year.

It very soon became evident that not only must the number of
persons 1n the working force be considered, but also the amount
of time which they spend in the industry. It is perfectly clear that
a plant which has 1,000 employees and works 200 days in the year
stands on a different level in the matter of exposure to industrial
hazard from one in the same line of business and having the same
number of employees which works 250 days in the year.

In order to meet this necessity of taking into account the time
element and at the same time preserving the idea of comparison
with the number of people working, the “full-year worker” or ““300-
day worker” was devised.

This theoretical person, for use as a standard of measurement, is
formed on the idea of equivalence. Five men working 10 days are
equivalent to 10 men working 5 days or 2 men working 25 days or 1
man working 50 days. In the plant cited above the 1,000 workers
for 200 days are equivalent to 1 worker for 200,000 days. If 300
days be assumed to be a full working year, dividing the 200,000 by
300 gives 667 as an equivalent in terms of ““full-year’’ or ‘‘300-day”
workers. Treating the other plant, which had 1,000 workers but
was in operation 250 days, in the same manner the eguivalent. number
of “full-year workers’’ will be found to be 250,000 divided by 300 or
833. On comparison of the numbers 667 and 833 it becomes evident

17
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18 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

at once that the second plant had a larger exposure to the hazards
of the industry than the first and could have a proportionately
larger number of accidents without showing greater hazard.

i we suppose that Plant 1 had 100 accidents while Plant 2 had
112, on the basis of number of employees the rates would be 100 and
112 per 1,000 employees, respectively. When, however, “full-yea:

workers’’ are used the rates become for Plant 1 é%gx 1,000=150
per 1,000 “full-year workers” and for Plant 2’ %;)—gxl,000=134.

When the factor of time is brought in it becomes evident that Plant 1
rather than Plant 2 had the greater hazard in the proportion of 150 to
134.

The method of determining a base outlined above and used for a
time fails to take into account the fact that an industrial day is not
a constant. A department which operates 12 hours per day has a
different exposure from one which operates 8 hours per day. To
meet this difficulty the number of “man hours” instead of “man
days” was taken as the basal figure and this was converted into an
equivalent in terms of “full-year workers” by dividing by 3,000.

The “full-year worker,” as described and Ulustrated above, had
been long in use as a standard of measurement in Germany and
Austria and had received an imternational sanction from a joint
committee of the International Congress on Social Insurance and the
International Institute of Statisties when the United States Bureau of
Labor Statistics began its accident studies. This base has been used
in all the publications on the subject to the end of 1919 and was
formally indorsed by the committee on statistics and compensation
insurance cost of the International Association of Industrial Accident
Baards and Cemmissions in 1917.

There has always been a certain amount of difficulty in the prac-
tical use of this base in making perfectly clear what was meant by
it and what its relations were to the ordinary expressions of employ-
ment. Lately there has arisen a further objection on the ground
that its use implies some judgment regarding the proper length of a
working day.

After prolonged and careful study the committee on statistics
and compensation insurance cost of the International Association of
Industrial Accident Boards and Commissions has reached the conclu-
sion that it is desirable to break away entirely from the idea of rep-
resenting the number of employees in the base used. The action
taken is given in the following resolution and the accompanying
explanation:

Resolved, That accident rates, both frequency rates and severity rates, be computed
on the basis of 1,000 hours’ exposure instead of 3,000 hours’ exposure, as heretofore.

The unit of measure for both irequency and severity accident rates which has come
1c be generally used is the “300-day worker,” sometimes called “full-year worker.”
This hypothetical worker is supposed to work 10 hours a day for 300 days in the year,
or 3,000 hours per year.

The committee on statistics and compensation insurance cost at its first meeting
considered very carefully the question of a proper unit for measuring accident rates
and decided to.adopt the only unit then in actual use, namely, the ‘‘360-day worker.”’

The “3060-day worker” was chosen as the standard measure for accident rates be-
cause (1) it is absolutely mecessary $o hawve some common unit for measuring accidents
in all occupations, all industries, all States, and all countries. (2) The ‘‘300-day

worker” had been recommended as the standard unit for computing accident rates by
the Permanent International Committee on Social Insurance and the International
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PREPARATION AND USE OF RATES. 19

Institute of Statistics and was in use in Germany and Austria and by the United States
Bureau of Labor Statistics at the time the committee on statistics took up the matter
of standardization of accident statistics. (3) It was alleged that most workers did
work about 10 hours a day and about 300 days in the year. It was further argued
that while the ¢‘300-day worker” did conform closely to the normal worker, still he
was merely an abstraction, a unit of measure, and would measure exposure to acci-
dent just as accurately for an 8-hour day as a 10-hour day, for a 200-day year as a 300-
day year. The use of this unit, it was maintained, did not suggest a 10-hour day or a
300-day year as the ideal and proper working day and industrial year.

In fact both employers and employees do regard the ‘300-day worker” as suggesting
what the ideal working day and working year should be. The secretary of the Na-
tional Safety Council has pointed out that the 8-hour day is becoming the standard
working day and suggested that the unit measure be made 2,400 hours per year instead
of 3,000 hours so as more nearly to reflect the yearly working time. A 2,000-hour year
wag also considered by the committee on statistics and compensation insurance cost,
but it was recognized by all members of the committee that any standard unit of
measure which suggested the length of time men do or should work is undesirable.

In view of the fact that the working tire, both the hours per day and the days per
year, varies widely from plant to plant, from industry to industry, from city to city,
from country to country, and from year to year, it was thought best by the committee to
cut loose entirely from a unit of measure that could be misunderstood as in any way
implying what the proper working time should be. The adoption of 1,000 hours’
exposure rids us forever of any such implication and gives a unit which is convenient
in size and will remain unaffected by changes in the working day or variations in the
working year. The 1,000-hour expesure is a stable, scientific, mathematical unit of .
mesasure, which is what is needed for the measurement of accident rates. It has the
further advantage that accident rates measured by any other unit of exposure may be
readily expressed in terms of the 1,000-hour unit and vice versa. For instance, all
accident rates computed in units of the ‘“300-day worker” may be converted into
rates per 1,000 hours’ exposure by dividing by 3. Frequency rates are to be expressed
in rates per thousand thousand (1,000,000) hours’ exposure of the working force in-
stead of per thousand *‘300-day workers.” Severity rates are to be expressed as days
lost per thousand hours’ exposure of the working force instead of days lost per ‘‘300-day
worker.”” In both instances the new rates can be derived from the old rates by divid-
ing by 3.

This base for computation of accident rates has important advan-
tages beside those mentioned in the preceding statement by the
committee on statistics. Not the least of these is that since the
number of hours of exposure mentioned and others which could be
chosen are decimally related to each other, it is possible to diminish
or increase the base without altering the figures in the rate, the only
change being a shift in the decimal point. For example, a severity
rate of 1.11 days per 1,000 hours’ exposure becomes 11.1 per 10,000
hours’ exposure or 111.0 per 100,000 hours’ exposure. When an
extended analysis (for example, such as may be necessary in the study
of accident causes) is undertaken, it may be very desirable to inerease
the base in order to avoid lengthy decimals: To be able to do this, as
indicated above, without disturbihg the significant figures of the rate
18 g, very great advantage.

OBTAINING “MAN-HOURS.”

In those establishments which keep accurate records of the hours
worked by each emplovee each day, the man-hours worked by the
establishment can easily be obtained from the records. Few small
establishments, however, keep any such accurate records of time
worked. For the majority of smalfrplants it is necessary to compute
the number of man-hours worked. The method suggested by the
conference called by Commissioner Meeker, which met in Chicago
October 12 and 13, 1914, was as follows: “If this exact information is
not available in this form in the records, then an approximation
should be computed by taking the number of men at work (or enrolled)
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20 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

on a certain day of each month in the year and the average of these
numbers multiplied by the number of hours worked by the estab-
lishment for the year would be the number of man-hours measuring
the exposure to risk for the year.” .

DEFINITION OF “ACCIDENT.”

Having determined upon a reasonable base of reference, it becomes
necessary before rates can be computed to have some clear-cut idea
of what shall be included under the term ‘“ accident.”

What, then, is to be regarded as an industrial accident for the
purposes of statistical study? No definition has as yet been univer-
sally accepted. Some establishments and States attempt to take
account of all injuries, however trivial. Others exclude those of a
minor character and take account only of such as cause a loss of a
specified amount of time. It is evident that the accident showing
of a plant may be completely altered by a change in definition of
accident, and t}l;at in the absence of a uniform definition all compari-
sons between the accident data of different plants, industries, or other
groups become almost worthless. The precise definition is not so

* important. The important thing is that the same definition should
be everywhere observed.

The most significant step so far taken toward such uniformity in
this country is the action of the International Association of Indus-
trial Accident Boards and Commissions in adopting a definition of
“tabulatable accidents”—i. e., a definition not necessarily to be
followed in the original reporting of accidents, but to be used in all
statistical tabulations. Tﬁe definition is substantially the same as
the one long used by the Bureau of Labor Statistics 1n its accident
investigations and employed in the present report, and is as follows:

Tabulatable accidents, diseases, and injuries,—All accidents, diseases, and injuries
arising out of the employment and resulting in death, fperm::ment disability, or in the
loss of time other than the remainder of the day, shift, or turn on which the injury
was incurred, should be classified as ‘‘tabulatable accidents, diseases, and injuries,”’

and a report of all such accidents, diseases, and injuries to some State or national
authority should be required.

The States which are members of the International Association
of Industrial Accident Boards and Commissions are thus committed
to a uniform standard definition of the accidents which are to be tabu-
lated. Some States may at first find it impossible to tabulate all
accidents as required by the definition, but the desirability of doing
80 is apparent, and many have already made a beginning.

ACCIDENT FREQUENCY RATES.

Two elements, namely, hours of exposure and cases of accident,
defined as above, may ‘now be brought together and a ratio estab-
lished between them. This will give an accident frequency rate. For
example, in a large steel plant in the year 1913 the hours of exposure
numbered 22,686,000 and the accident cases 866. Dividing and
adjusting the quotient per 1,000,000 hours’ exposure gives a frequency
rate of 38.2. In 1912 the machine building concerns studied in that
year had an exposure of 347,109,000 hours and 13,653 accidents.
This is at the rate of 39.3 cases per 1,000,000 hours’ exposure.
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PREPARATION AND USE OF RATES. 21

Comparing these rates it is correct to conclude that accidents were
less frequent in the iron and steel industry than in machine building
in the proportion of 38.2 to 39.3. All differences in hours of labor,
number of days worked, etc., in the two industries have been duly
taken into account. Again, if a given plant shows an accident
frequency rate of 33.3 one year and 30 the next, it is a correct con-
clusion that accidents have decreased 10 per cent in frequency.

Frequency rates of this character were computed and used in the
report on accidents in the iron and steel industry, issued by the
Bu({eau of Labor Statistics in 1913 and in Bulletins Nos. 216, 234,
and 256.-

The method was found practicable and, within limits, highly useful.
But it had one serious weakness, namely, that frequency rates, as the
name indicates, measure the frequency of accidents, but take no
account of the severity of the resulting injuries, and experience has
shown that the two things do not necessarily move in the same direc-
tion. The frequency rates may be the same in two plants in the same
industry, and the hazards may be entirely diﬁ'erent%ecause one plant
has very few severe accidents, while the other has a large proportion
of serious accidents. To put all industries and all plants on a com-
mon basis, a system of computing accident rates must be devised
which will take into account the difference in economic significance
between the accident which bruises the workman’s thumb and the
accident which breaks his back.

ACCIDENT SEVERITY RATES.

What is needed is some method of weighting injuries according to
their severity. Several methods suggest themselves as possible—
compensation paid, wage loss, or time loss. A compensation
system necessarily weights the importance of accidents in fixing a
scale of benefits which aims to apportion the payment to the hurt.
But compensation payments do not offer the universal measure
desired because the benefits differ from State to State and are also
subject to change within the same State. Wage loss due to injury
offers perhaps a better measure of severity, but this, too, suffers from
the handicap that wages differ from place to place and from time to
time. Time loss as a measure does not suffer from these objections. .
An accident that causes 6 days’ disability is precisely twice as serious
as one causing only 3 days’ disability, and this relation is always and
everywhere the same.

The days lost because of injury may thus be taken as the most
satisfactory measure of the true hazards of industry—of the burden
imposed upon the worker and the community because of industrial
accidents. The only difficulty in its practical application is that in
case of death and permanent injuries the time lost must be estimated.
For temporary disabilities, from which recovery is complete, the time
losses are matters of record—2 days, 10 days, 6 weeks, as the case
may be. But if the accident results in deatﬂ, the time loss is not so
clearly measurable. It exists, however, and may be estimated as the
number of working days by which the worker’s life was curtailed.
Similar estimates are possible in case of permanent injuries, such as
loss of hand or foot.
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29 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

The schedule of weightings finally adopted by the committee on
statistics is as follows: 5

SCALE ADOPTED BY THE INTERNATIONAL ASSOCIATION OF INDUSTRIAL ACCIDENT
BOARDS AND COMMISSIONS.

Degree of
disability
in per
Result ofinjury. cent of | Dayslost.
permanent
total
disability.
Death.. . .oooovenrnviiaiannnns 100 6, 000
Permanent total disability..... 100 6, 000
Arm above elbow, dismembermen: .. 75 4, 500
Arm at or below elbow, dismemberment.......ooovoviiieiiseieniieiernnaienn. 60 3,600
Hand, dismemberment...........coovviiinnaa. eeeeeeebeeceniaaeiaeeas 50 3, 000
Thumb, any permanent disability of .. ...ciuieimiiiiiii i 10 600
Any one finger, any permanent disability of ........ ..ol 5 300
Two fingers, any permanent disability of. ...l 12% 750
Three fingers, any permanent disability of.... .. .. ... oo il 20 1,200
Four fingers, any permanent disability of...._........... aeen . 30 1, 800
Thumb and one finger, any permanent disability of.. 20 1, 200
Thumb and two fingers, any permanent disability of. 25 1, 500
Thumb and three fingers, any permanent disability of 331 2, 000
Thumb and four fingers, any permanent disability of. 2,400
Leg above knee, dismemberment...........cooouliua 75 4, 500
Leg at or below knee, dismemberment. . .... .. .- . 50 3,000
Foot, dismemberment oseeesesecreenann . Ly 2, 400
Great toe, or angatwo or more toes, any permanent digability of. e . 5 300
One toe, other than great toe, any permanent disability of................ [\ 3 PO
One eye, logsofsight...... ... ol 30 1, 800
Both eyes, loss ofsight....... O 100 6, 000
Oneear, loss of hearing....... cees 10 600
Both ears, loss of hearing .80 3,000

This schedule supplies a series of constants by which death and
permanent injuries may be weighted in terms of a common unit—
time lost in days—which is also the same unit as that used for measur-
ing temporary disabilities. By multiplying the number of deaths and
permanent disabilities by the time lost determined for each and
adding the l1))1"0duc‘cs to the days lost through temporary disabilities,
a figure is obtained which represents the total days lost from injuries.
Dividing this number, representing total days lost, by the number of
hours of exposure and multiplying the quotient By 1,000, will give
the number of days lost per 1,000 %ours’ exposure. This result may

- be called an accident severity rate.

The entire process of Workiniout a general severity rate for a plant
may be illustrated as follows: A certain plant shows a total of 4,200,-
000 “man-hours” in the course of a year. The kind of injuries
occurring and the time allowances according to the committee’s scale
are presented in the following table:

5¢ For complete discussion of the subject see Bulletin No. 276 of the United States Bureau of Labor
Statistics, pp. 71-77.
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ACCIDENTS AND TIME LOSSES IN ONE PLANT.

Time josses.
Cases.

Per case. Total.

Days. Days.
Tdeath. ooviiiiiiiiiiiin.. 6,000 6, 000
2armS oSt . ceeeeriiiiniiininnieiinnn. 14,000 8, 000
1foot lost..... 2, 400 2,400

5 thumbs lost. . 600 3,

25 fingers lost....... 300 7, 500
290 temporary disabilities....cooovaii]ceniaaaon 2,790
Total (324€a888).eevininiiiiiiinin]aeeenncnann 29,690

! Instead of using two classifications, with allowances of 3,600 and 4,500 days, for theloss of an arm asin
the committee’s scale, a single classification, with an allowance of 4,000 days, is used throughout this report.

The total number of days lost (29,690) divided by the hours of
exposure (4,200,000) gives a rate of 7.1 days per 1,000 hours’ exposure.
The accident frequency rate for the same group per 1,000,000 hours’
exposure is 77.

ILLUSTRATIONS OF SEVERITY RATING.

The preceding paragraphs have explained the meaning of accident
severity rates and the method by which they are obtained. The
significance of such rates in their practical application is indicated in
the two following illustrations.

In Table 1 comparison is made of the accident experience for a
year of the iron and steel industry, as represented by a large plant,
and of the machine-building industry, as represented by a group of
pl:;.nts. Frequency rates and severity rates are shown in parallel
columns.

TasLe 1.~ACCIDENT RATES IN STEEL MANUFACTURE AND MACHINE BUILDING.

Accident frequency rates (per | Accident severity rates (per

1,000,000 hours’ exposure). 1,000 hours’ exposure).
il 7
Nuaber
Industry. w ozg;fers Perma-{Tempo- Permta- Tempo- Total
. nent rary nen rary otal.
Death. lgisabil-disabil{ 1ol | Death. |giqs bhi)ldisabil-
ity. ity. ity. ity.

Iron and steel (1913)....... 7,502 0.6 1.5 36.0 38.1 5.5 0.7 0.8 7.0
Machine building (1912). .. 115,703 .1 1.2 38.0 39.3 1.0 .5 .3 1.8

Examination of the columns giving total frequency rates and total
severity rates shows that, on the basis of frequency, the machine-
building plants were more hazardous than the steel plant—the respec-
tive rates being 39.3 and 38.1 per 1,000,000 hours’ exposure. On the
basis of_severity, however, the steel pfant was almost four times as
hazardous as machine building—the rates being 7.0 days lost per
1,000 hours’ exposure in contrast with 1.8 days.

It is clear that as between these diametrically opposite showings of
the relative hazards of the two industries, the severity rates offer a
decidedly more accurate measure of true hazard. In machine build-
ing there is opportunity for many minor injuries, but the danger of
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24 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

serious injury is much less than in the steel industry. The severity
rate brings out this fact.

The second illustration shows how, over a period of years, within
the same establishment accident severity rates may run counter to
accident frequency rates. Table 2 gives data of this character. It
shows the accident experience of a large steel plant over a period of
four years. The plant is one in which most serious attention has
been devoted to the prevention of accidents.

TABLE 2.—ACCIDENT RATES IN A STEEL PLANT, 1910 TO 1913.

Accident frequency rates Accident severity rates
(per 1,000,000 hours’ exposure). (per 1,000 hours’ exposure).
. Number
Year. w or(l){ters Permta- Tempo- Permta- Tempo-
. nen rary nen rar,
Death.| otb | §ied | Total. | Death.| 5o0¢ | 280V | Total.
bility. | bility. bility. | bility.
7,642 0.6 1.4 4.5 4.5 5.1 0.8 0.7 6.6
5,774 5 1.2 35.5 37.2 4.7 .7 .8 6.2
7,306 2 2.2 48.8 51.2 2.0 1.8 9 4.7
7,562 6 LS 36.0 381 5.5 .7 8 7.0

Limiting attention to the columns showing total rates, it will be
noted that in 1910 the frequency rate was 44.5 per 1,000,000 hours’
exposure and the severity rate was 6.6 days per 1,000 hours’ exposure.
The next year shows a decrease in both frequency and severity. In
1912, however, there was a marked increase in frequency—from 37.2
to 51.2—but the severity rate dropped from 6.2 days to 4.7 days.
In other words, accidents had increased considerably in frequency
but were decidedly less serious in their average result. In 1913 the
experience was reversed. A marked reduction occurred in accident
frequency—from 51.2 to 38.1—but the severity rate jumped from
4.7 days to 7.0 days. The year 1913, instead of being a *“good year,”’
as it might be assumed to be under the system of frequency rates,
was the worst year of the four covered by the table.

These illustrations bring up certain points which it seems desirable
to emphasize. The first concerns the use of terms. Severity rates
derived in the manner described are expressed for convenience in
terms of work days lost. For example, the steel plant referred to
above is stated to have had a severity rate in 1913 of 7.0 days per
1,000 hours’ exposure. The term ‘“days lost’’ as thus used is to
some extent a statistical abstraction, but it is close enough to con-
crete fact to permit its use in its ordinary sense without serious error,

rovided that the weighting scale used is a fairly reasonable one.

t is not, however, as absolute amounts of loss that these rates have
their most important significance. The relations disclosed between
different industrial groups and different periods of time are of greatest
moment. The important thing shown by the figures of the steel
plant is that hazard increased between 1912 and 1913 in the propor-
tion of 4.7 to 7.0. :

This leads to a second point which can not be emphasized too much:
The fact that, inasmuch as the real significance of severity rates is in
the measurement of relative hazards, the character of the weighting
scale used becomes comparatively unimportant. Thus, by changing

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



PREPARATION AND USE OF RATES, 25

the weights in the scale given above, the resulting severity rates may
be considerably altered in their positive amounts, but unless the
changes are of a very radical character the relations between the rates
for different groups will remain substantially the same. In other
words, it is desirable to have the scale used as accurate as possible,
but the fact that & completely accurate scale can not be devised does
not impair the value of accident severity rating.

Another fact deserving emphasis is that severity rates have a very
important advantage over frequency rates, in that the effect of errors
in reporting is minimized. Accident reports are probably never
absolutely complete, and, as a rule, the completeness of reporting is in
direct proportion to the seriousness of injury. The more serious the
injury the greater the likelihood of its being reported. Frequentl
the reporting of minor injuries is extremely incomplete. Inasmuc
as the accuracy of frequency rates depends upon the completeness of
accident reports, and as all accidents have the same weight, a failure
to report any considerable number of minor accidents renders the
rates obtained of very little value. Such is not the case with severity
rates. Here the disabilities are weighted according to their impor-
tance, and a large group of minor disabilities has comparatively little
effect upon the (ﬁarived severity rate. Thus, from the material
available concerning the iron and steel industry, it is estimated that
the total exclusion of all disabilities of less than two weeks will
rarely diminish the total severity rate for that industry as much as
1 per cent, whereas such an exclusion would diminish frequency rates
as much as 60 per cent. In the machine-building industry, according
to data for that industry collected by the bureau, the corresponding
percentages are 7 and 70.

USE OF RATES IN THE STUDY OF ACCIDENT CAUSES.

Frequency and severity rates, as above described, may be applied
to the measurement of accident causes. This procedure is logical
and, as carried out in detail in a later chapter, produces interesting
and very valuable results. Inasmuch, however, as the computation
of accident rates according to causes is still somewhat unfamiliar,
a brief preliminary description of the method used is desirable.

For any plant, department, occupation, or other industrial group
for which the amount of employment and the number of accidents
are known, an accident rate may be computed. This total rate may
then be apportioned among the various causes responsible for the
accidents. For example, in a group of blast furnaces, with a total
frequency rate of 67 per 1,000,000 hours’ exposure, 19 cases of each
67 were due to molten metal and 9 to handling tools and objects,
leaving 39 assignable to miscellaneous causes. The frequency rate
for molten metal in these furnaces was, therefore, 19 per 1,000,000
hours’ exposure and that for handling tools and objects was 9.

The value of such rates to the safety man is clearly evident. They
indicate, in the example given, that molten metal was the most im-
portant single cause of accident in blast furnaces, and the one to
which especial attention must be directed.

In the case just cited, the department was taken as the unit, the
rates being based on the total employment for the department. If a
smaller unit, such as the occupation, be used as a basis, the rates

71087°—22——3
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26 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

would be based on the amount of exposure in the individual occu-
pation. In the case of the abeve group of blast furnaces it was pos-
sible to isolate certain important occupations, to compute accident
rates for each, and to apportion such rates among the different
causes. Thus it was found that while the frequency rate for the
blast-furnace department as a whole was 67 per 1,000,000 hours’
exposure, the rate for ‘“cast-house men” was 127. When this rate
was analyzed according to causes it was found that molten metal
contributed 67, falling objects 14, and miscellaneous causes 46.

These cause rates, whether based on the department, the occupa-
tion, or any other group, are true accident rates, analogous to the
death rates by disease as used in mortality studies. In such studies
it is customary to divide the general death rate for a community into
zpeciﬁc rates for the various diseases causing death. Thus a general

leath rate of 20 per 1,000 for a given city may be made up of the
following specific rates—tuberculosis 5, typhoid fever 2, other causes
13. These rates, it may be noted, measure the real prevalence of
the several diseases in a way that percentages can not do. Thus, in
the year noted, deaths from tuberculosis constituted 25 per cent of
all deaths (5 out of 20). Suppose that in the following vear a typhoid
epidemic increased the typhoid rate from 2 to 7 and thus caused the
general rate to jump from 20 to 25, the tuberculosis death rate of
5 per 1,000 would remain as before, but expressed in percentages
tuberculosis would have decreased from 25 per cent (5 out of 20) to
20 per cent (5 out of 25) as a cause of death. The percentage change
would suggest a great decrease in the tuberculosis hazard, which,
however, as the rate accurately indicates (5 per 1,000), remained
absolutely stationary. The attempt to study causes of death by
means of percentage figures is thus liable to be entirely misleading.
Rates, on the other hand, offer an absolutely reliable measure. This
is equally true, and for the same reasons, in the study of accident
causes.

The above illustrations of the use of cause rates were limited, for
the sake of simplicity, to frequency rates. Severity rates can, of
course, be applied in precisely the same way and with even more
valuable results, inasmuch as sewverity rates, as pointed out abeve,
are a truer measure of accident hazard than are frequency rates.

USE OF RATES IN THE STUDY OF OTHER FACTORS.

The usefulness of rates, both frequency and severity, extends to
the nature of injury, results of injury, and other similar items. To
llnstrate: In a group of blast furnaces with a frequency rate of 63 per
1,000,000 hours’ exposure it was found on analysis that 30 cases out
of each 63 were bruises and lacerations, 15 were burns, 3 were frac-
tures, and 15 were miscellaneous injuries. It is entirely proper to
say that in these blast furnaces bruises and lacerations had a fre-
quency rate of 30, burns 15, fractures 3, and other injuries 15.

These are true rates and express the facts regarding the different
sorts of injury with a precision and clearness which can not be ob-
tained without resort to the rate method.

RATES IN COLLATERAL FIELDS.

There is one field of study which has recently attracted much at-
tention which is related to the accident field in a particularly intimate
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PREPARATION AND USE OF RATES, 29

way. This is the field of ““labor mobility.” As will appear in a later
chapter of this report, the introduction of new men has a close rela-
tion to the curve of accident occurrence. This “labor accession” is
one phase of the larger problem of “labor mobility.”

The same reasons which make it necessary to adopt some standard
basal unit in accident study have equal force as applied to the various
rates, such as ‘“accession,” ‘“separation,” ete., Wﬁich serve {0 express
the facts of mobility. Since a slightly different viewpoint is taken
by the student of mobility it will be natural to designate the basic
figures as ‘‘labor hours” rather than “hours of exposure.” This is
an advantage rather than otherwise if it be clearly understood that
the expressions designate the same thing in different aspects.

The Bureau of Labor Statistics has recognized the desirability of
a uniform base in the statistical study of industrial phenomena by
adopting “labor hours” in the computation of the rates used in a
survey of “labor mobility. ’s

The value of placing all these discussions on a common basis is
that whenever a considerable body of information is obtained it
becomes at once possible, with no change in the figures, except per-
haps an adjustment of the decimal point, to place the rates in com-
parison and ascertain any possible correlations. To illustrate, on
page 170 will be found a chart which presents in graphic form the
fluctuations of employment, of labor accession, of accident occurrence,
and of product over a series of years. The fact that all these are
related to the number of hours of exposure makes possible direct
comparisen of any two items, such as labor accession and accident
occurrence. 1t will be found that there is a remarkably constant
correspondence between the curves representing these two items.
If accident study were undertaken in connection with plants in which
labor mobility had been studied, it would be of the greatest con-
venience to be able to make similar comparisons without the
necessity of making changes and adjustments.

This convenience extends to a great many subjects of industrial
concern which will be subjected to statistical scrutiny in the near
future. For example, there is some reason to suspect that during
the epidemic of influenza in 1918 the condition of the workers was
influenced in such a way that there was a marked rise in the accident
rate. This possible relation of illness to accident occurrence is of
sufficient importance to deserve careful study. Without the use of
some common. standard in preparing the statistics of illness and of
accident satisfactory comparison can not be made.

It is of course true that a radical departure from an accustomed
form of presentation, such as this proposed by the committee on sta-
tistics of the International Association of Industrial Boards and
Commissions, will for some time cause more or less confusion. As,
however, the various advantages of the plan of the committee become
evident and the strangeness wears off, it will become clear that the
general adoption of the methods suggested will constitute a most
1m}ziortant advance in statistical procedure in the field of accident
study.

65 ““Mobility of labor in American industry,” by Paul F. Brissenden and Emil Frankel, in Monthly
Labor Review of the U. 8. Bureau of Labor Statistics for June, 1920, pp. 36~56.
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CHAPTER III.—THE PHYSICAL CAUSES OF ACCIDENT—THE
DEPARTMENTS COMPARED.

Repeated emphasis may properly be given to the idea that the
important yurpose of the statistical study of accidents is the deter-
mination of means and methods of accident prevention. The mere
fact that a given department or industry has a high accident rate
may stimulate the safety engineer to harder work but can do nothing
to aid him in the determination of the point and method of attack.
For purposes of accident prevention the high rate must be traced
‘back to its causes and so a clear idea obtained regarding why and how
aeccidents occur.

To this end this and the two following chapters are devoted to an
examination of the physical causes of accidents and an endeavor to
suggest such remedies as the facts discovered may indicate. A later
chapter is devoted to the consideration of the human factors in the
situation.

In all these studies the facts are presented by means of rates. The
method of preparing such rates has been discussed in the preceding
chapter. hile frequency rates are constantly introduced, the main
discussion is based on the severity rates. Thisis done for two reasons:
(1) It has been found that the effort to present the facts from both
frequency and severity standpoints at the same time leads to some
confusion; (2) It is clear that the severity rate is a much more accu-
rate measure of hazard than is the frequency rate and it directs safety
effort much more precisely to the point where it is most needed.

The cause rates used in the following chapter are true rates similar
to those constantly employed in mortality studies where the rate
for a given locality is divided into specific rates for tuberculosis,
influenza, and so on. For example, in Table 3 a rate of 1.19 days in
blast furnaces for swinging crane loads means that in that depart-
ment the injuries suffered on account of the workers being struck by
swinging loads were equivalent to the loss of 1.19 days per 10,000
hours’ exposure.

MACHINERY AS A CAUSE OF ACCIDENT.

Table 3 gives in detail the severity of accidents due to machinery
which occurred in each of the departments during the five-year period
1915 to 1919. Table 2 in the appendix gives the number of cases
on which these rates are based.

28
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TABLE 3.~MACHINERY AS A CAUSE OF ACCIDENT: SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE)s FOR SPECIFIED DEPARTMENTS, 1915 TO

[3

1919, BY ACCIDENT CAUSE,

Accident cause.

Blast
furnaces.

Bessemer.

Open { Found- | He8VY | piate
hearths. | nes. r;])]ﬁllllrég mlls.

Tube
nulls.

Sheet
rolling
mills.

Fabri-
cating.

Elec-
trical.

Mechan-
ical.

Yards.

Miscel-
laneous.

Prime movers and power transmission:

‘Working machines:

Steam engines.........o.oooiieienanas

Set screws, keys, and bolts
Beltsand pulleys.............oounnn.

Bendingrolls.......c.ooviiiiiaiiii.
Bolt and nut machines................
Boring miil
Charging ears......cecevvmeniemaannn.s
Charging cranes. ..e..coveeerceunenn.n
Doublers.....ouiiieiiiniiiiiiinnaaes
Drill Presses..oueweee ccrevnsoaneascens
Drills, portable, electric...............
Drills, portable, pneumatic
Forging hammers. ......c..o..eeeen...
Grinding wheels............... ..
Hot and cooling beds
Lathes, general..._............
Lathes, turret.........c.........
Lathes, wood.....cccvveeeannnn.-
ﬁillers ................................
ud gun
Planers, metal
Planers, wood...................
Presses, punch
Presses, stamping.............oo.o

1 Less than 0.00

5.
aIn this chapter 10,000,000 hours’ exposure is used as a base for frequency and 10,000 hours’ exposure for severity.
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TABLE 3,—~MACHINERY AS A CAUSE OF ACCIDENT: SEVERITY RATES

PER 10,000 HOUR

8 EXPOSURE) FOR SPECIFIED DEPARTMENTS, 1915 TO

1919, BY ACCIDENT CAUSE—Conelnded.
Heavy Sheet .
‘s Blast Open | Found- Plate Tube 315 Fabri- Elec- | Mechan- Miscel-
Aceident cduse. furnaces. Bessetnef. hearths. r1es. r]%lillilx;g wmills, m.lls. r;;-lllllllzg cating. trical. 1cal. Yards. laneous.
0.27 1.02 0.02 2.62 0.38
-5 IR ISR ARDRRENRN NOSRIRNN
.................... N O P
.................... A8 |
.......... 08 e e
.................... 02 s
. () e e . ) 05 |l .01 .01
Ciane, caught by chain or hook.. .54 .46 25 .18 i.27 .04 .64 .34 .56
Crune,foad swinging Lm0 al Qe wl k) Q] O
Crafie, load Jowering........ ... 101 53 .21 .03 L04 137 .08 12 -88
Craile, load fulling. .. .15 6.60 4.87 17 2.58 .06 1.82 2.11 1.43
Cratie, 1osd falling, broken machinery . 0L @ e .02 02 (@)
Crahe, load Inlling, hitch slipped....... 02 feii e U PP 05 ..l .02 .02 .01
&ng’ gﬁe?s fgl v frOmt fack . gg e 031l L9 9. 83 3 @ o’ o
B s from erane or truck ... ... 620 03 . .6 8L
Craye, othet aceidents........... 1.43 .22 2. 49 ) 4.94 584 2.43 15 1.24
Detricksand holsts.................... @ L8] e [¢h]
gldeks and tackles, windlasses, etc.... ) s IS 1 (O R SN AU 02 ... (3)%
ONVEBYOLS. ..o iiinne e iiiienanaaaas .0 OL Lo R -3 O PRI .
Gambry eranes. ... OB L [C5 T PO Bl O]
Lovottiotive cranes. . ) L T T O [ 1.08
I‘l:gmps.&.‘.i“. . 1) I O [N P (2)% .......... 02l .02
nsand blowers. .. aoa e e e e e 13 Y P
Unelassified .. .. .32 .03 1.22 18 .41 L34 .51 8.27 2.52
Total......iiiiiiieieiiiaieeaaae.s 10.71 12.68 12.29 3.54 18.54 31.38 11.16 13.57 11.59
1 Less than 0.005.
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PHYSICAL CAUSES OF ACCIDENT—DEPARTMENTS COMPARED, 31

The most cursory inspection of Table 3 shows emphatically that
the crane in its various forms and conditions of action is the most
hazardous of machines. So much so is this true that cranes have
commonly been considered in a class by themselves. The present
arrangement, suggested by the committee on statistics of the Inter-
national Association of Industrial Accident Boards and Commissions,
has the advantage both of being essentially logical and of bringing
out clearly the fact that while w%at are termed ““ working machines”
do not have a very high hazard, “machinery’’ considered as a whole
does contribute materially to the danger of this industry.

The importance of cranes as accident causes may be illustrated
by the following statement. In the following departments, out of
the total severity rate for machinery the stated portion is due to
cranes and hoisting apparatus: In blast furnaces, 10.70 out of 14.52
days per 10,000 hours’ exposure; in open hearths, 14.10 out of 19.25
days; in foundries, 12.55 out of 13.05 days; in fabrication, 12.45 out
of 18.55 days.

On further study of the table it develops that miscellaneous aceci-
dents which can not be more precisely located than that they were
due to crane operation are responsible for a larger part of the loss
due to crane accidents than either of the other classifications of such
accidents. Next to these miscellaneous accidents come those which
can be assigned to the falling of the loads. The main cause of
such oceurrence is some unsuspected weakness of the chains used.
This serves to bring to notice again the continuing need of the great-
est care in selecting and caring for hoisting chains. Since in 9 out of
13 groups this preponderance of the crane as a cause of injury is
evident, it becomes quite clear that the safety engineer still has a
serious problem to contend with in controlling crane accidents.

A few of the points worthy of notice as to the rates for the individual
departments are the following: In open hearths a considerable part
of the severity rate is due to the charging car (3.02 out of 19.25 days);
in heavy rolling mills it is quite natural that the rolls and the roll
tables contribute rather notably to the severity rate (4.27 out of
10.71 days); in tube mills the metal saw is outstanding (1.78 out of
12.29 days); in sheet rolling the shears are sufficiently prominent to
attract attention (2.62 out of 3.54 days).

Table 4 and Chart 1 summarize conditions as to accidents due to
machinery.
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32 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 4.—MACHINERY AS A CAUSE OF ACCIDENT: NUMBER OF CASES AND ACCIDENT
FREQUENCY AND SEVERITY RATES, 1915 TO 1919, BY DEPARTMENTS.

Accident frequency rates | Accident severity rates
Number of cases. (per 10,000,000 hours’ (per 10,000 hours’ ex-
Equiv- exposure) posure).
alent
Department. f%g; Per-| Tem-| Per-| Tem- Per-| Tem-
work | el ey non By no 2%
-
ers. |Death.f 4.0 " ;s [TotalDeath.|'g7c 3i |Total.Death.| ;oM .7 |Total.
«  1abil- abil- abil-| abil- abil-| abil-
ity. | ity ity. | ity. ity. | ity.
Electrical.......... 4,191 5 6 65 76 4.0 | 48| 5L.7:60.5 6.44 | 1.08 { 31.38
Open hearths.. 20, 525 16| 22| 365| 403 2.613.6]59.3]655 2.12 | 1.54 | 19,25
Fabricating........| 11,110 5] 40| 484 -529 1.5 |12.0 [145.2 [158.7 6.74 | 2.81 | 1855
Bessemer._........ , 450 4 4 46 54 2.412,41281]330 1.28¢ .78} 16.74
Blast furnaces..... 17,621 9| 19| 125| 153 1.7(8.6]23.6{289 3.72 | .58 14.52
Yards..eeeeuaeann. 9, 819 5 9 87| 101 1.7131120.5134.3 2.78 1 .60 ] 13.57
. Foundries. .. ..} 10,222 41 12 308| 324 1.3 | 3.9 1100.4 (105.6 3.18 { 2.04 | 13.05
Plate mills... 14,711 6| 19| 347} 372 1,4 4.3]78.6(84.3 2.65 | 1.87 | 12,68
Tube mills... 11,621 4 17 98| 119 1.2 5.0(2.0]352 3.99 1 1.20 ] 12.29
Mechanical........| 24,752 81 33| 597 8 1.1 (44804859 3.17| L.53 [ 11.16
Heavyrolling mills.| 27,123 7] 42| 403 [ 452 .91 514951 55.5 61432 (1.23] 10,71
Sheet rolling mills..| 5,920 |....... 8 65 (£ 3 4.5136.6 ] 41.1 |. .J2.70 ( .841 3.
Miscellaneous. ... 55, 534 1871 68 1,125 1,211 | 1.1 | 4.1 | 67.5 | 72.7 3.64 | 147 | 11, £

This table presents the number of cases, the frequency rates, and
‘the severity rates for 13 departmental groups. The first point to be
considered is that frequency and severity vary independently of each
other. It was this fact, that industries which had a large number of
cases would often have but a small proportion of serious injury,
which led to the development of the severity rate, into which all
forms of accident enter with a weight somewhat commensurable with
their importance.

The departments are arranged in the order of severity. Itis thought
that this will make the charts more readily understood than to adopt
.a fixed order for all the charts as was done in Bulletin No. 234.

It is a distinct surprise to find the electrical department at the top
of this list. It was well known that the electrical workers were
subject to a high hazard, but that this should appear in connection
with machinery was not expected. An examination of the detail
tableshows that of the totalrate of 31.38 days, 3.22 isfrom dynamos and
motors, 4.77 from open-hearth charging cars, 17.20 from cranes, and
6.19 from other causes. Evidently their duties in the adjustment and
repair of these machines subject these workers to serious hazard.
It is probable that during the past few years such work has been done
under stress in the matter of time and working conditions, which has
accentuated the natural dangers of their occupation. Since 9.62
days of this severity rate are due to falls from the crane it may be
suggested that not all cranes have yet been reconstructed along
modern lines in the matter of walks and railings for the security of the
man who must go upon them to do his work. These hazards are
evidently such as may be expected in the regular routine of an
electrical worker’s duties unless adequate protection is provided

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



PHYSICAL CAUSES OF ACCIDENT-——DEPARTMENTS COMPARED. 33

against them. The rate of 5.03 days for accidents due to grinding
.W%leels is probably exceptional, since these workers are certainly not
exposed to this hazard to a degree greater than other workers.

CuART I.—MACHINERY AS A CAUSE OF ACCIDENT.

" MACHINERY ,

DEPARTMENTS SEVERITY RATES

10 20 30

ELECTRICAL

OPEN HEARTH

FABRICATING
BESSEMER
BLAST FURNACES
YARD
FOUNDRIES
PLATE
TUBE

MECHANICAL

HEAVY ROLLING

SHEET ROLLING 7771 |
Bl romes PERMANENT [ Temporary

PARTS OF MACHINE.

Some additional light is shed upon machine hazard when the
severity of accidents due to different parts of the machine is con-
sidered. It appears that on the whole it is the point of operation
which continues to be the danger point. Flywheels, set screws, and
counterweights have almost ceased to be important.
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84 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 8, —MACHINERY A8 A CAUSE OF ACCIDENT: SEVERITY RATES (PER 10,000
HOURP’ EXPOSURE) FOR SPECIFIED DEPARTMENTS, 1915 TO 1919; BY PART OF
MACHINE CAUSING ACCIDENT.

Blast Bes- Open Tound- | Heavy Plate Tube

furnaces.| semer, | hearths. | ries. rxtx)llillilr;g mills, | mills,

Part of machine.

‘Working machines:
Point of operation. ..

Set screws.....
Counterweights
Other parts..
Unclassified. ......

Sheet Fabri-

Part of machine. rolling Mechan- | vorqq, Miscel- Total.

laneous.

Working machines:
Point ofoperation....._.....

Cranks and eccentrics. . . ....
Fly wheels............ ceeeen
Gears.....
Set screws
Counterweights..............
Other parts.....c.cveveennn.
Unelassified.................

1 Less than 0.005.

Table 6 supplements Table 5 as regards the point of operation
being the danger point. This shows that the accidents occur largely
in adjusting the machine or work and in the actual operation. Clean-
ing and oiling comes next in order. In the heavy rolling mills this
process is responsible for the highest rate (2.27 days). This 1s undoubt-
edly related in part to the necessary attention to gears which the

receding table shows to have a serious severity rate (2.17 days) in
Eeavy rolling mills.
TABLE 6.--MACHINERY AS A CAUSE OF ACCIDENT: SEVERITY RATES (PER 10,000

HOURS’ EXPOSURE) FOR SPECIFIED DEPARTMENTS, 1915 TO 1919, BY OPERATION
OR CONDITION.

Heavy
. . Blast Bes- Open Found- H Plate Tube
Operation or condition. furnaces.| semer. | hearths. | ries. rggig.g mills, |. mills.

0.99 0.08 0.23
1.10 1.50 3.04
2. 01 .00
.45 .. .02
.16 (O] .03
79 .05 1.81
41 A2l
01 [© I PO,
Sheet s
Operation or condition. rolling c];gibzg Mochan- | yorgs, | Miscel | mota,
‘Working machines:
Adjusting. ..... decenaeeanaas 1.79 0.59 0.25 0.02 0.64 0.63
Operating. .................. . . 5 .24 2.45 1.85
Cleaning and oiling .09 .54 .47
Repairing.. ... ........... . R (O] .06
Breakage......ccoevenrannnnn . . .73 .21
Objectsflying....._....._._. . . . . .29 .43
Other conditions............ . . . . .03 .12
Unclassified..........o...... .02 .10
1 Less than 0.005.
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PHYSICAL CAUSES OF ACCIDENT—DEPARTMENTS COMPARED. 85

POWER VEHICLES AS A CAUSE OF ACCIDENT.

Table 7 presents the details for the departments regarding power
vehicles. The available material, though covering the 5-year period
1915 to 1919, is somewhat scanty for as extended an analysis as that
here attempted. The results should therefore be taken as suggestive
rather than typical.

TABLE 7.—~POWER VEHICLES AS A CAUSE OF ACCIDENT: SEVERITY RATES (PER
10,000 HOURS’ EXPOSURE) FOR SPECIFIED DEPARTMENTS, 1515 TO 1919, BY ACCI-

DENT CAUSES.
Blost | poge. | O Found.| Heavy
Accident cause. fur- pen | Found-} y ;g | Plate | Tube
naces, | et hearths.| ries. mills: mills, ,
Steam and electric railweays:
Train wrecks, collision. . 114

Train wrecks, derailment... ... .. ... ...
Falls, getting on or off, in mo
Falls, getting on or off, at rest. ..

'alls, riding on, sudden start or s
Falls, riding on, slipping or lost bala:
TFalls, riding on, overhead structure.
Falls, riding on, side structure.
Falls, not otherwise classified..
Struck by or caught between ca:
Struck by when coupling or uncou
Struck when switching. ..
Struck when repairing tr:
Struck when crossing track
Struck when standing or wa!
Setting or releasing hand brakes.
Objects falling from.
Other accidents......

Auto vehicles:

Objects falling from. o Y T

Allother........ . . O7 e e W02 ...,

Unclassified.. . . .08 .02 17 .03 .04 ) .01

3 ) 0 e e e

B 7 R 18.96 | 13.50 | 1177 .12 5.92 07 .80
Sheet : .

. : Fabri- Elec- | Mechan- Miscel-

Accident cause. rgnl_hng cating. | trical. ical. | Yards. 1inacns,

Steam and electric railways:

Train wrecks, collision. .. cu.eaa... 2.08

in wreeks, derailment .04
Talls, getting on or off, in moti 1.84
Falls, getting on or off, atrest..... .19
Falls, riding an, sudden start or stop.. 01 .85

Falls, riding on, slipping or lost balanc:
Falls, n‘dil:‘agg oﬁ, overhead structure..

y
Objects falling from
Allother. ... _....
Unclassified. . .
Notreported...oooveooiuiiiiinniiireiionncnnas

1 Less than 0.005.
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36 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

As would be expected, the yards greatly exceed any other depart-
ment in the severity of the accidents due to power vehicles. The
rate (54.35 days per 10,000 hours’ exposure) is nearly double that
of the electrical department in relation to machinery (31.38 days).
Of this total rate a very striking portion (25.06 days) 1s assignable to
being struck by or caught between cars. It is not possible to deter-
mine how much of this is due to the fault of the men, but it may be
urged that fault in the arrangement of the transportation facilities
is distressingly common and that it is too often mecessary for the
worker to su%j ect himself to danger which could be avoided by a better
arrangement. The rate of 13.00 days for coupling accidents is an
interesting commentary upon_ the fact that in intraplant trans-

ortation the automatic coupler has not yet come into its own.
%Vhen it has been introduced more thoroughly such a rate will no
longer be possible.

It should be noted that while these yard accidents overtop all
other kinds of accidents in their severity they are nowhere near the
rates of those who are occupied solely in transportation. The severity
rate for death of yard employees is 40.74 days per 10,000 hours
exposeéd. In 1918, the latest year for which information is at this
time obtainable the switchmen in railway yards in the United States
numbered 53,790. Among them there were 397 fatalities. This
means when translated into terms of the severity rate as used in
this report a rate of 147.61 days per 10,000 hours exposed. This is
exceeded by no department of the iron and steel industry except
erection of structural steel, which for the five years ending in 1919
had a rate of 181.00 days.

The blast furnaces (18.96 days), Bessemer (13.50 days), and open
hearths (11.77 days) are the other departments having notable rates.
This is due, of course, to the fact tgat in them large quantities of
raw material are constantly being moved.

Table 8 and Chart 2 summarize the facts regarding power vehicles.

TaBLE 8.—POWER VEHICLES AS A CAUSE OF ACCIDENT: NUMBER OF CASES AND
ACCIDENT FREQUENCY AND SEVERITY RATES, BY DEPARTMENTS, 1915 TO 1919,

Accident frequency rates| Accident severity rates
Number of cases. (per 10,000,000 hours’ (per 10,000 hours’ ex-
Equi exposure). posure).
quiv-
alent
Department. ﬁég;_ Per-| Tem- Per-| Tem- Per-| Tem-
vgork- mal-t po- ma—t po- ma.-t po-
nentj rary ] nent| rar nent rar;
ers. [ Death. i) ‘i) [Total. Death.| o0 5 |Total|Death.| 5o0Y T8IV Imota),
abil-| abil- abil-} abil- abil-| abil-
ity. | ity. ity. | ity. ity. | ity.
Yards.............. 9,819 20| 24| 443 487 | 6.8 8.1 {150.4 [165.3
Blast furnaces.....| 17,621 15 3 131 149 2.8] .6|24.8]28.2
Bessemer........... 5, 450 3 5 41 49 1.813.1125.1(30.0
Open hearths...... 20, 525 8| 16| 178| 202} 1.3}2.6|28.9]32.8
Heavyrolling mills| 27, 123 6 7 71 .90 5.9 1.5
Mechanical . . _| 24,752 2 2 3] .31 651 7.1
Tube mills. . . o2 W6 21 2.7
Electrical.... .. PR R 5.6 5.6 .
Foundries.........[10,222 .. ....|.....| 21] 21 ... ... 0. 6.81 6.8|.
Fabricating.e...._ [ 1L 110 {.......|.....] 18] 13 |.......i..... 3.9 3.9].
Platemills........J 14,711 (... . |.....] 20| 20.......|....: 4.5| 4.5
Sheetrollingmills..| 5,920 |.......{..._.[.... ... .{oooo oo o
Miscellaneous...... 4}111.5|12.7
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CHART 2—~POWER VEHICLES A8 A CAUSE OF ACCIDENT.

DEPARTMENTS POWER  VEHICLES,
SEVERITY  RATES
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38 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 9.—HOT SUBSTANCES AS A CAUSE OF ACCIDENT: SEVERITY RATES (PER 10,000
HOURS’ EXPOSURE) FOR SPECIFIED DEPARTMENTS, 1915 TO 1919, BY ACCIDENT

CAUSES.

Accident cause.

Blast

naces.

Besse- | Op
mer.

en | Found-
hearths.| ries.

Heavy
rolling
mills,

Plate
mills.

Tube
mills.

Explosives:
Transportation and handling.............
Blasting
Dust..........

Electricity:
Short circuits at switches. .. ..............
Contact exposed conductors.

Conflagrations.......ccoceeeeceancnen
Hot substances and flames, asphalt, etc
Liquids, water.......c....ouauen

Metal, falls on sheets.
Handling sheets. ..
Hot barsinrolls...
Hotscale..........
Hot stock ejected. .

Molten metal, breakouts.

Slag and other.
Steam...........

Accident cause.

Yards.

Miscel-
laneous,

Explosives:
Tra.nsportatlon and handling
Blastin

Electricity:
Short circuits at switches..................
Contact exposed conductors. ........... eas
Other......

Conflagrations..........oviuiieeieciunacanna..

Hot substances and flames, asphalt, ete.:
Liquids, water..... treserasersaniassancaan

Otherliquids.. .cceeenenccecencaancns
Metal, falls on sheets ...
Ha.ndhng SheotS.eceveeeeeaioannnennns
Hot barsinrolls. . ceeveeeniearenanannn
Hotsecale........... eeeneeeeteeiaaeas
Hotstock ejected
Molten metal, breakouts
Explosmns ............................
Ingot exXplosions. . woveivvenrennaananns
Sparksand splashes...................

Corrosive substances
Unclassified. . .oooveiiieiiiiiinninaiinan..

1 Less than 0.005.
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PHYSICAL CAUSES OF ACCIDENT-—DEPARTMENTS COMPARED. 39

In Bulletin No. 234 cranes and hoists slightly exceeded this group
in severity. In the present tabulation such is not the case. The
changed relation is not marked and has no particular significance.

The fact that the electrical department in this group, as in ma-
chinery, is at the head of the list, is probably not a typical situation.
When details are considered it appears that the electricians suffered
injuries having a rate of 10.93 days per 10,000 hours’ exposure out of a
total rate of 24.98 days through electrical injury, mostly burns.
This represents a condition which very likely is somewhat unusual,
but serves to emphasize the importance of greater care in the adjust-
ment of electrical apparatus. A fruitful source of injury is the sup-
posed necessity of adjustment when the current is on. The larger
share of the severity rate shown above relates to conditions arising
from such procedure.

Each of the four departments in which molten metal is a factor
naturally shows rates in that connection of some size; for example,
blast furnaces, 9.70 out of 18.54 days; Bessemer, 16.36 out of 24.03
days; open hearths, 12.64 out of 16.65 days.

A rate of 7.83 days for ingot explosions in the Bessemer seems
rather inexcusable in view of the possibilities of both screens and
safeguards and of modifying the metal itself.

T%e rate of 4.81 days for electricians in connection with splashes of
metal is evidence that the duties of these men often demand that they
work in conditions where they are menaced both by the hazard
which always lurks in the electric current and by dangers belonging
to the department in which they are obliged to work.

Summary Table 10 and Chart 3 follow.

TABLE 10.—HOT SUBSTANCES AS A CAUSE OF ACCIDENT: NUMBER OF CASES AND
ACCIDENT FREQUENCY AND SEVERITY RATES, 1915 TO 1919, BY DEPARTMENTS,

Accident frequency rates{ Accident severity rates
Number of cases. {per 10,000,000 hours’ (per 10,000 hours" ex-
. exposure). posure).
Equiv-
alent
Department. f‘ég;. Per-| Tem-| Per-| Tem-] Per-| Tem-|

vg’urk- ma~t po- ma-t po- ma,-t po-

nent| rary nent| rery nent{ rary
ers. iDeath.j 3.0 " ‘53 Total.fDeath | 5:” dis. Total.iDeath. dis- | dis. |Total.

abil- abil- abil-] abil- abil-] abil-

ity. | ity. ity. | ity. ity. | ity.
Eleetrical.......... 4,191 4 1] 119} 124 3.2/0.8|194.71987]19.00 4.77 | 1.12 | 24.98
Bessemer.......... 5, 450 6 ... 114 | 120 3.71..... 69.7173.4122.02]..... 2.01 | 24.03
Blast furnaces..... 17,621 13 51 4181 436 2.51 .9179.1(82.5]14.76[2.21 | 1. 57 | 18. 54
Open hearths...... 20, 525 14 3| 764 781 2.3 .5(124.1126.9113.64 .66 |2 35 16.65
Foundries......... 10,222 - 3 P 167 1. 54.5]55.5] 5.87]..... 115 7.02
Heavyroling mills.j 27, 123 6 31 236 20.0130.1] 442].66§ .62] 570
Plate'mills........ {14,711 214 ... 160 136.3{36.8; 272]..... 421 3.4
Mechanical........ 24,752 31..... 181 24.4124.8) 2.42..... 371 2.79
Tube mills.........| 11,621 1j..... 83 15711601 L78(..... .40 2.18
Fabricating........ 11, 110 1..... 40 12,0]12.3] 1.80..... 151 195
Bheet rolling mills.| 5,920 §.......}..... 39 A2R.0712207.......]..... .28 .28
Yards............. 9,819 |....... . 51 RRYAR B N T N .27 .27
Miscellaneous...... , 534 8 4| 632 37.9]13861 2.88|.40] .66 3.94
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40 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

CuART 3.—HOT SUBSTANCES A8 A CAUSE OF ACCIDENT.

EXPLOSIVES, ELECTRICTY AND HOT SUBSTANCES
DEPARTMENTS SEVERITY RATES
1 L i
10 20 30
ELECTRICAL

| BESSEMER
BLAST FURNAGES
OPEN HEARTH
FOUNDRIES
HEAVY ROLLING
PLATE
MECHANICAL
TUBE

FABRICATING

SHEET ROLLINGY]

YARDS

R Fraumes 7] PERMANENT ] Temporagy

FALLS OF WORKER AS A CAUSE OF ACCIDENT.

Table 11 presents in detail the facts regarding the cause group,
“falls of worker.”

The electrical department and the blast furnaces are the out-
standing features of this table. When the details in the electrical
experience are considered it becomes evident that falls from poles
and roofs are the serious matter (9.77 out of 11.21 days). is is
easily understood as being the result of the necessity which the
linemen are under of climbing to and working at these elevations.
It is extremely probable that some of these cases are to be attributed
to the electric current. A shock which would not in itself be seriously
harmful might cause a man to loose his hold and fall. Certain
forms of protection, such as insulating blankets, by which the live
wires near which it may be necessary to work are covered, deserve
a much wider use than 1s now given them.
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PHYSICAL CAUSES OF ACCIDENT—DEPARTMENTS COMPARED. 41

TABLE 11.—FALLS OF WORKER A8 A CAUSE OF ACCIDENT: SEVERITY RATES (PER
g)é)g?THC%%%%’SEXPOSURE) FOR SPECIFIED DEPARTMENTS, 1915 TO 1919, BY ACCI-

Blast
Accident cause. fur-
naces.

Heavy
Besse- | Open |Found- H Plate | Tube
mer. [hearths. ries. | “OWDE | mills, | mills.

Falls of worker:
From benches, boxes, chairs, and tables..| (1) 0.02 ) 0.02 0,01 Q)]
From buildings, in construction or demo-

Btion. ...ooeiiie it iiinas 0.01 |........ (O] m
From cranes, derricks, or hoists in erect-

ingorrigging.. .....ooiiiiiiiiiia...
Fromladders...........
Frompiles..............
From polesand trees..... .
FromroofS....oco.oveeeeianaaaiaaioaaa.
From run ways, balconies, and platforms . .03 . . . SIS B N .
From scaficldsorstaging.................
Fromstairs.......oo.oon..n .
Fromtramwaysand trestles.
From other elevations
Into binsand vats
Into floor opening:
Into manholes....
Into excavations....
Dus toslipping on level. . R
Due to stumbling on level.. .
Otherfalls. ..o ceceicieaaiaiaeaianaanann

Sheet Mis-
. M Fabri- Elec- | Mechan-
Accident cause. rolling cating. {rical. ical. 5

mills.

Falls of worker:
From benches, boxes, chairs, and tables... 0.01 1) 0.01 0.0 {........ 0.01
From buildings, in construction or demo-

7T ) R s (R 094 .01
From cranes, derricks, or hoists in erect-

Ingorrigging. oo ioiciiineiaiinacacanan .36
From ladders. . .
Frompiles.........
From polesand trees. .
Fromroofs............ e eeaeenaiaeeieaaaas
From runwags, balconies, and platforms..
Fromscaffoldsorstaging..........couevnen
Fromstairs. . ..ocio.iourecinaicaanceanns .
Fromtramwaysand trestles....ececcaene.
From otherelevations.....................
Into binsand vats.....
Into floor openings...
Into manholes..._....

St .41 2. 30 1121 4.93 .38 3.16

1 Less than 0.005.

The blast furnaces show high rates for the following: Falls from
scaffolds and staging (1.25 days); from other elevations (3.83 days);
and into bins (1.18 days). A glance at the furnace in Plate 7 will
suggest why this is the case. It is not possible to say whether the
furnaces covered by this study are all equipped to a reasonable
standard with walkways and railings. It is true, however, that
there are still many furnaces not standard in this particular and
where the risk of falls which may result in death is very serious.

While falls due to slipping and stumbling on the level do not give
rise to very conspicuous rates they are very constant throughout all
the departments and suggest pointedly that the use of antislip
material and the maintenance of clear and tidy passageways should
not be neglected.

Table 12 and Chart 4, which follow, give a condensed picture of
this group of causes.

71087°—22——4
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42 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLE 12,~FALLS OF WORKER A8 A CAUSE OF ACCIDENT: NUMBER OF CASES AND
ACCIDENT FREQUENCY AND SEVERITY RATES, 1915 TO 1919, BY DEPARTMENTS,

Accident frequency rates; Accident severity rates
Number of cases. (per 10,000,000 hours’ (per 10,000 hours’ ex-
Equiv- exposure). posure).
?eﬁ[t Per-| T Per-| T Per-| T
ull- er-| Tem-| er-| Tem-| er-| Tem-
Department. i yea; ma-t po- ma\-t po- ma-t po-
work- nent| ral nent! rar; nent| rary |m,
Y Or<" [Death.| 30 25V [Total. Death.| 590 Y |Total | Death.| Jo| "W (Total,
abil-| abil- abil-| abil- abil-| abil-
i i I ity. ity. | ity.
Electrical.......... 56.5 15811 954 ..... 1.67 | 11,21
Blast furnaces. .... 36.1137.71 4.54 12.19| .88| 7.41
Mechanical........ 38.9139.61 4.04|._... .89 4.93
Youndries......... 10,2 24.5125.1] 1.96{.20}! .30| 2.46
Fabricating........ 27.9128.21 1.80|..... .50 2.30
Tabe mills......... 10.9p11.2) 1.78]..... .35] 2138
Bessemer.......... 287128 7].......0 ... 1.36| 1.36
Open hearths...... 20, 525 45.8145.8(........... 1.64| 1.04
eavyrollingmills. 2,9§25.0....... 99 .53 .62
Plate mills......... 27.2{27.2 ... ]..... .41 .41
Sheet rolling mills. 2251225 [ceenenfeann. .41 .41
Yards.....o....... 24.8(24. 8. ... .. ... 38 38
Miscellaneous...... 32.2132.8] 2.521.07 571 3.16
CHART 4.—FALLS OF WORKER AS A CAUSE OF ACCIDENT.
DEPARTMENTS FALLS OF WORKER
SEVERITY  RATES
T 1 1
10 20. J0
ELECTRICAL
BLAST FURNACESEE
MECHANICAL
FOUNDRIES
FABRICATING
TUBE
BESSEMER | }
OPEN HEARTH |
HEAY ROLLING []
pLate  }
SHEET ROLLING &
varos I
Pl eiies D eemuanent [ emporary
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PHYSICAL CAUSES OF ACCIDENT-—DEPARTMENTS COMPARED. 43

FALLING OBJECTS AS A CAUSE OF ACCIDENT.
Table 13 presents the details regarding the group, *“falling objects.”

TABLE 13.—FALLING OBJECTS AS A CAUSE OF ACCIDENT: SEVERITY RATES (PER
%)ig%)THSEI?SSI;gXPOSURE) FOR SPECIFIED DEPARTMENTS, 1915 TO 1919, BY ACCI-

Blast Heavy
Accident canse. fur. | Besse-| Open |Found-i it = | Plate | Tube
naves, | mer. |hearths) ries. [%5:iE | mills. | mills.

CoHlapse of scaflolds or staging................
Falling objects:
Trom boildings.....oooieiiieiianait
From chutes, conveyors, or stides.
From machines or workbenches....... ...
From pileS.eeecnecenenncenricninnnnen.
Fromracksandshelves..................
From runways, balconies,etc.............
Fromscafloldsand staging._..............
From temporary foors. .. - o cueeceann..
From tramwaysand trestles..............
From other elevations.......eeevevaaannn. .
Caveiinofditches. ... .ceiciveveiianannniannn.
Objects tipping over (not vehicles)...........
Otherfalling objects

B 7 e
Sheet - .
. Y Fabri- Elec- | Mechan- Miscel-
Accident cause. r’%ljllxlx;g cating, trical. ical. Yards. laneous,
Collapse of seaffolds or staging...... ) P 0.04 0.01 ] c....ee )
Falling objects:

From buildings....ocoeneeiiamiiiiaaa.. 0.01 ) .02 .82 M 0.0t
From chutes, conveyors, or slides... .-
From machines or workbenches.. ...
Trom piles.ccvevenrrcecannnaaenaa.s
Fromracksandshelves.............
From runways, balconies, etc.
From scafioldsand staging. .
From temporary floors......
From tramways and trestles
From other elevations.......
Cave-in ofditches.......ccovvnn... .
Objects tipping over (not vehicles)............ .18 .66 .19 .25 .37 .97
Other falling objeets. . oo o cviviiieninaanans ) 1) O P .01 (O] .01

1 Less than 0.005.

The high rates in this table are found under blast furnaces, for
objects fallinf from miscellaneous elevations (5.02 days per 10,000
hours exposed) ; under Bessemer, for objects tipping over (4.13 days);
under open hearths, for objects falling from miscellaneous elevations
(3.64 days) and objects tipping over (3.27 days) ; and under foundries,
for objects tipping over (3.11 days).

In the steel-making departments the handling and storage of ingot
molds give rise to accidents from time to time due to their tipping
over.b1 It is believed that improvement in regard to this matter is

ossible.
P The fact that objects falling from piles are a very constant, though
not extremely serious, source of danger suggests that there is still
room for improvement in the matter of piling material.

Table 14 and Chart 5 summarize this group of causes.
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44 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 14.—FALLING OBJECTS AS A CAUSE OF ACCIDENT: NUMBER OF CASES AND
ACCIDENT FREQUENCY AND SEVERITY RATES, 1915 TO 1919, BY DEPARTMENTS.

Accident frequency rates| Accident severity rates -
Number of cases. (per 10,000,000 hours’ (per 10,000 hours’ ex-
. exposure). posure).
Equiv-
ent
Department. f%g; Per-| Tem- Per-| Tem- Per-| Tem-
x) bl ma;-t po- ma»-t po- ma.-t po-
nent| rary nent| rary nent} rar
ers. |Death. dis-| dise Total.| Death. dis-| dis. Total.|Death.| dis- dis)-, Total.
abil- abil- abil- abil- abil-{ abil-
ity. | ity. ity. | ity. ity. | ity.
Bessemer.......... 65 1.2 89.8142.2| 7.3410.37 [ 0.90] 8.61
Open hearths. ..... 351 .5(57.0(58.6] 6.8|.24]1.00]| 8.06
Foundries......... 10, 235 .7]176.6|78.0| 3.92(.20] 1.68| 5.80
Blast furnaces..... 185 .2[35.0(36.0) 4.54|.14] .8 550
Fabricating....... 192 1.2|57.61569.1} 1.80|.36| .94 3.1¢
Yards...... . 102 .3134.6(35.2) 2.04 (.10 .80 2.94
Mechanical . e 380 .3151.8152.41 1.62].081 .84 | 2.54
Plate mills........ 299 LTL67.7168. 4 .0eeic. 751111 1.8
Heavyrolling mills 307 1.1437.7]38.81....... 92 1.67
Sheet rolling mills. 39 22.0722.6....... 17 72 .89
Tube mills........ 631 641 .31|..... 18,6 18.9....... 19 54 .73
Electrical-.o..c.-.. 32| 32 [.eciiiifeen.s 25.5]25. 5 cceeceitan... 53 .53
Miscellaneous...... 860 5151.6)52.5| 2.52| .61 9 | 4.00
CHART 5.—FALLING OBJECTS AS A CAUSE OF ACCIDENT.
DEPARTMENTS FALLING OBJECTS,
SEVERITY RATES
T T . T
10 20 30
BESSEMER

QPEN HEARTH
FOUNDRIES
BLAST FURNACES
FABRICATING

YARDS
MECHANICAL
PLATE
HEAVY 'ROLLING
SHEET ROLLING
TUBE

ELECTRICAL

Bl roriumes 77) eeRmanent (1 TEMPORARY

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



PHYSICAL CAUSES OF ACCIDENT—DEPARTMENTS COMPARED, 45

HANDLING OBJECTS AND TOOLS AS A CAUSE OF ACCIDENT.

Since the important matter in the group ‘Handling objects and
tools” is the relation between frequency and severity, the summary
table and chart are introduced first.

TABLE 15.—HANDLING OBJECTS AND TOOLS AS A CAUSE OF ACCIDENT: NUMBER
OF CASES, AND ACCIDENT FREQUENCY AND SEVERITY RATES, 1915 TO 1919, BY

DEPARTMENTS,
Accident frequency rates| Accident severity rates
Number of cases. (per 16,000,000 hours’ (per 10,000 hours’ ex-
Equiv exposure). posure).
alent
Department. full; Per-| Tem- Per-{ Tem- Per-| Tem-
vork | el | ey o] B2y
n . n
ers. |Death, dis- | dis. |Total. Death. dis-| disr Total.|Death.| dis-1 dis. Total.
abil-| abil- abil-| abil- abil-| abil-
ity. | ity. ity.]ity. ity.| ity.
Sheet rolling mills. 3.4 1217.3 |220, 3.63 | 5.49
Mechanical........ 3.3 1143, 3 [146. 7 1.91{ 5.25
Foundries......... 2.0{178.0 (180, 0 2.21 1 4.39
Tubemills........ 11 1.8163.3| 65.4 1.131 4.06
Blast{furnaces. 1.34109. 01110. 5 1.411 4.03
2.1 1140, 8 [143. 1 1,76 3.63
. 2.0} 99, 8101 8 1,58} 3.36
Heavyrolling mills. 2.3193.5}95.8 1.36| 2.83
Plate mills. ....... 1, 8 [138. 9 {140, 7 1,741 2.49
Bessemer.......... 2.4|78.3180.7 1,521 2.26
Electrical.......... 3.2166.8170.0 W93 2.2
Fabricating........ 1.2 1121, 5 122, 7 1.641 2.00
Miscellaneous...... 2. 4 |156. 8 |159, 2 2.24| 3.63

As might be expected the notable feature of this table is the high
frequency in contrast with a relatively low severity. In the pre-
ceding study of this subject (Bulletin No. 234) objects dropped in
handling were grouped with falling bodies. This was perfectly
logical but did not direct attention to proper corrective measures as
positively as the present arrangement. The result of that grouping
was to make “fglling bodies” head the list in frequency. The
transfer of objects dropped in handling to the group where they are
now located puts this group much i the lead in the matter of
frequency.

The highest frequency is found in the sheet-rolling department
(220.7 cases per 10,000,000 hours’ exposure). The highest frequency
found elsewhere is in the “power vehicle”’ cause group, yard depart-
ment (165.3 cases). In general the majority of the departments
have a higher frequency rate in the ‘‘handling of objects and tools”
cause group than m any other.

The condition as to severity is the precise opposite. It is this
cause group more than any other which has to a degree misled the
safety movement into the 1dea that the chief results of its efforts are
to be secured by bringing about greater care on the part of the men.
The reduction of minor mjury such as occurs in connection with the
handling of tools and objects has been the result of the response of
the men to efforts to interest and instruct them. It is a very notable
and worth-while accomplishment, but it does not go to the heart of
the matter. No one can observe the black portion of the bars of
the charts illustrating this chapter without realizing that death
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46 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

is the shadow which lies over the industry. It is that shadow that

efforts should be made to lessen. To do so involves a kind of effort

and an expenditure of money which we have not yet undertaken.
Table 16 contains the details regarding this cause group.

CHART 6.—~HANDLING OBJECTS AND TOOLS AS A CAUSE OF ACCIDENT

HANDLING OBJECTS AND TOOLS

DEPARTMENTS SEVERITY  RATES

10 20 30

SHEET ROLLING
MECHANICAL

FOUNDRIES

TUBE

BLAST FURNACE:

OPEN HEARTH

YARD

HEAVY ROLLING
PLATE

| BESSEMER

ELECTRICAL

| FABRICATING

mgﬁmgﬁgggﬁgﬁ

B Faraumies PERMANENT [ ]'TEMPORARY

This detail table does not seem to call for much comment. It is
noticeable that on the whole the glancing or slipping of tools in the
hands of the workman himself is the most serious m this group of
causes. Reference to Chart 6 will show that deaths occurred in
four departments. On following up the individual cases it was
found that in one case the slipping of a bar used as a pry resulted in
the man receiving a blow in the abdomen which ultimately caused
death. In another case a similar slipping allowed the man to fall
and receive fatal injuries. In nearly every case it was evident or
reasonably inferred that there was some fault with the tool or appli-
ance. Many plants have entirely failed to develop an adequate sys-
tem of care and upkeep for their tools.
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TABLE 16, —HANDLING OBJECTS AND TOOLS AS A CAUSE OF ACCIDENT: SEVERITY
RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECIFIED DEPARTMENTS, 1915 TO
1919, BY ACCIDENT CAUSES.

Blast

Heavy
s dent Besge- en | Found- + Plate { Tube
Accident cauge. fur- . rolling { .
naces, | Tmer. [bearths. ries. | ;o= mills. | milis.

Objects drspped in handling.................. 64| 045 0.67| 0.4 039 0.87 0.22
Caught between object handled and other ob-

ject..ioeeeien s eeeeetacar et .39 .81 .94 1.16
Lifting, causing strain. R .17 .2 .18 .35
Handling glass........ .
Handling sheet metal..

Handling objects with STObTH ing na;
Handling other sharp objects .
Handling trucks or barrows, collide witl

person. ... e tememeeirenananaas S . .01 m [ T FOUURE SR P .
Bandling trucks or barrows, colfide with

L T Q) 020 o O ¢ .01
FHandling trueks or barrows, everturn........ L4 .04 .02 .02 [©) .01 .02
Handling trucks orbarrows, objects fall from. . .01 .02 .01 .06 .02 .01 .01
Hoandling trucks or barrows, other accidents. .. .01 .06 .04 .04 .02 .02 .05

Toolsjn hands of worker:

Glance or slip 24
Break or come apart. .. .04
Objects Ay from, not otherw pect .0t
Objects flyfrom, nailsandspikes....... | oo ifeeeae ) O 1 L2200 L.
Objects flyfrom, metalehips...... .
Objects iy from, stone or cement (O]

Tools in hands offellow worler :
Glance orslip
Break or come apart. ..
Objects fly from, not ot/
Objects iy from, metal chips. .
Objects fly from, stone or ceme:

Uneclassified .

Total. .o 3 . . . 8 4.06
Sheet .
< H Fabri- Elec- | Mechan- Miseel-
Accident cause. rIrz)llihng cating. frical. ieal Yards. Ieneous.
Objects dropped in handling..........coi..u.. 0.55 0.39 0.29 0. 68 0. 80 0.68
Caught between object. handled aund other
object. .... e eeaeverecneanecietanaens PO .50 74 .70 .36 .51 .82
TLifting, causing strain .12 A2 .27 .26 .27
Handling glass.......... *) .03 (O] (O .ot
Handling sheetmetal.. ... ... ....... ... . WOL |oeeells 4 [0 5 A PORP .08
Handling objeets with protruding nails. . [N . (€3 N PPN .01 Q) .0l
Handling other sharp cbjects... .. ... ... .. .03 .03 .30 .14 .66 .34
Handling trucks or- barrows, collide with
PErSON..c.cann.. . s () eceiocncncfeonacannes [N ) S R [©)]
Handling trucks or barrows, collide with
ODJECES ottt .. .- (1) Jeeeeenes .04
Handling trucks or barrows, overturn. .. ) 1) .04 .02
Handling trueks or barrows, objeets fall from. . | .01 .01 .07 .34 .03 .08
Handling trueks or barrows, other aceidents... .02 .05 .11 .07 .10 .20
Toolsin hands of worker :
Glance or slip 1.70 28 .45 .40 .53
Break or come apart .06 .02 .02
Objects ftytrom, not othierwise spec: Xi4 .13
Objects flyirom, nailsand spikes . ) (O]
Objects iyfrom, metalchips ... .e- .57 .14
Objectsily from, stoneorcement ......... | ceoenenan . 01 1 (O]
Tools in hands of fellow worker : y
o .~ 0
Objects flyfrom, not oth . (13
Objectsfiyfrom, nailsand spikes.........[......... N 11
Objects fly from, metal chips... .
©bjects fiy from, stone or cem .. )
Unclassified....ooveiivvennnnn.. . - .08
Total. .. 3.63

1 Less than 0.005.

Next to slipping and glaneing of toels comes being caught between
the ebject handled and some other objeet; and next, objects dropped
in handling. The remedy for these conditions lies in two directions,
the further substitution of mechanical methods of handling objects
needing to be moved and the development of greater skill and care on
the part of the men.
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48 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

MISCELLANEOUS CAUSES OF ACCIDENT.

Table 17 deals with the miscellaneous causes which can not be
brought under any of the classifications hitherto presented.

TABLE 17.—MISCELLANEOUS CAUSES OF ACCIDENT: SEVERITY RATES (PER 10,000
(IJIA)USI%SS’ EXPOSURE) FOR SPECIFIED DEPARTMENTS, 1915 TO 1919, BY ACCIDENT
U .

Blast Heavy
. Besse- | Open | Found- : Plate | Tube
Accident cause. fur- rolling . T

naces, | mer. hearths. - | ‘mils. | mills. | mills,

Doors, window.

4 A
Flying objects, not otherw. ified 1.07
5 X .01
Nailsand sharp objects steppedon...........] .024{........] .03] .09]........
Violenee. cenveoeesiemiaeeonacacaaanans .02
Strikingagainst objects. .. .15
Uneven footing X .06
Moving objects, not otherwise classified. R 1.58
AN Other. . e ieeiriiiiiiiiaratacananananns .07
[ 1707 - 2.96
Sheet- : .
. : Fabri- Elec- | Mechan- Miscel-
Accident cause. r]oll]llllég cating. trical. ical. Yards. laneous.
Asphyxiation... 1.45
old..v.cnannn [0}
Doors, windows, .01
Drowning . )
Flying objects, not otherwise classified 1.26
L R .01
Nailsand sharp objects stepped on . .04
Violenee.cw o commuoenenrerevnnannannn .38
Striking against objects...... .52
Unevern footing. . .veeeee i oierirerienenaenns .09
Moving objects, not otherwise ¢lassified .58
AN Other. cevneriaieieinnanaranaannnnn .97
Total. e 5.31

1 Less than 0.005.

The notable feature of this table is the evidence which it affords
that asphyxiating gas is in blast furnaces a very serious menace. In
the blast furnaces 9.14 out of the 14.03 days lost per 10,000 hours’
exposure were due to this cause. It is probably not wholly typical
that electrical workers had 4.77 out of 5.25 days.

No attempt has been made to trace the effects of asphyxiating gas
from year to year during this five-year period, but the indications are
that the situation has not greatly changed for the better.

The influence of uneven footing is worth a moment’s attention,
Cases of sliPpir}Ig and stumbling are placed under the head of ‘“Falls
of persons.” Those here recorded are cases in which a piece of
materiallying on the ground caused a turning of the ankle or a strain-
ing of the knee. The constancy with which this appears in all the
departments emphasizes again the importance of keeping the plants
in good order. An untidy plant is an unsafe plant.

able 18 and Chart 7 summarize the facts regarding miscellaneous
causes,
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TaBLE 18.—MISCELLANEOQUS CAUSES OF ACCIDENT: NUMBER OF CASES AND ACCI-
DENT FREQUENCY AND SEVERITY RATES, 1915 TO 1919, BY DEPARTMENTS.

Accident frequency rates| Accident severity rates
Number of cases. (per 10,000,000 hours’ (per 10,000 hours’ ex-
Equiv- exposure). posure).
i;lellllt Per-| T Per-{ T Per-| T
ull- er-| Tem- er-| Tem-| er-| Tem-
Department. year ma-| po- ma- | po- ma | po-
work- 1, |nent| rar; nent| rar, nentf rar
Py Death. dis- diss-r ‘Total.[Death.} grc disY Total.|Death.| dis- diss-r Total.
abil-| abil- abil-| abil- abil-| abil-
ity. |ity. ity. | ity. ity.{ity.
Blastfurnaces..... 17,621 11 3| 400 | 414 2.1]0.6(75.7|78.4(12.49:11,02}0.52|14.03
ards....oceocenne 9,819 4 4 1.4 .1162.9| 815 3.19| .75|12.09
Electrical.......... 4,101 1]..... .8 .0 | 70.8 . 5.25
Tube mills......... 11,265 2 2 .6 . 4134.6 4.35
Mechanical........ 24,752 2 7 .3 L7173.9 4.17
Plate mills....._..} 14,711 20 .... .5 .8(65.3 3.43
Heavy rolling mills| 27,123 3 1 . . 2| 40. 7 2.96
Fabricating........ 11,110 1 2 . 4190.3 2.59
Open hearths. ..... 20, 525 1 2 L9173 6 2.13
Bessemer.......... 1 . 0] 55,6/ 1.74
Foundries. ........ 1 3 . 8186.8]- 1.57
Sheet rolling mills . 1 .6]73.2 1,37
Miscellaneous...... 5! 11 .8 61.1 5,31
CHART 7.~MISCELLANEQUS CAUSES OF ACCIDENT.
DEPARTMENTS MISCELLANEQUS
' SEVERITY  RATES
T T T
10 20 30

YARD
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50 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Table 19 summarizes the situation from a slightly different angle.
It brings out clearly some points of interest. It makes very plain
the fact that frequency and severity are not indications of the same
thing. For example, following the rates for “handling” it will be
seen that with scarcely an exeception the frequency rate for this
cause group is in excess of any other, while with almost equal con-
stanecy its severity rate is at or near the foot of the list. It may
also be neted that while the number of cases due to ‘“ machinery’’ is
not constantly above the middle of the list the severity rates are at
the top in 10 departments out of the 13.

T4BLE 19, —ACCIDENT FREQUENCY AND SEVERITY RATES8 FOR SPECIFIED DEPART-
MENTS, 1945 TO 1819, BY ACCIDENT CAUSE GROUPS.

/] : 3] b0 3
g 4 E L E ] e . g
] . § % 3 z g |3 . =) : ! b4
ElEl 2 | £ 455843184 g
Accident cause | - 8 a & PH| o o |48 | £ § ,§ '] =8
group. 2| g g 5 lg |3 |=sl2 |28 |%8 |51 &
= A o oo | A &~ | @ R =] = > A
Frequency rates (per 10,000,000 hours’ exposure).
Machinery...... 28.9 | 33.0 65.5] 105.6 | 55.5 | 84.3135.2 | 41.1 [158.7 ] 60.5 | 85.9 | 34.3] 727
Power vehicles .1 28.2 | 30.0 32.8 6.8 7.6} 45| 2.7...... 3.9 5.6 7.11165.3 12,7
Hotsubstances.| 82. 5[ 73. 4] 126.9| 55.5[30.1]36.8]16.0}22,0)12.3;98.7|24.8] 17.3 38.6
Falls of worker..| 37. 7 | 28. 7 45.81 25.1125,0[27.2}11.2|22.5]28.2|53.1(39.6| 24.8 32.8
Falling objects..[ 36.0 | 42.2 58.6| 78.0138.8[68.4([18.9122.6[59.1|25.5]|52.4| 352 52.5
Handling ~ ob-
jects and tools.[110. 5 | 80.7 | 143.1 | 180.0 | 95.8 140.7 | 65.4 220.7 {122.7 ] 70.0 i146.7 | 101.8 } 159,2
Miscellaneous...{ 78.4 | 55.6 73.5] 86.8140.7(653|34.6(73.2(90.3|70.8|73.9| 62.9 61,1
Severity rates (per 10,000 hours’ exposure).
Machinery...... 14.52 116,74 1 19.25 | 13.05 [10.71 |12.68 [12.29 | 3.54 [18.55 |31.38 [11.16 | 13.57 | 11.59
Power vehicles .118.96 |13.50 | 11,77 .12 (5.92) .07 .80 |...... L10| .16 2.76 | 54.35 6. 44
Hotsubstances.|18.54 |24.03 | 16.65] 7.02 15,70 | 3.14 1 2.181 .28 1.95{24.98 1 2. 79 .27 3. 94
Fallsof worker..| 7. 41 | 1.36 1.04| 2,46 .62} .41 (2.13| .41 | 230 {11.21 | 493 .38 3.16
Falling objects. .| 5.50 | 8. 61 8.06] 5.8 11.67|1.8] .73 | .89]3.10} .53 | 254 2.94 4.09°
Handling ob-
jects and tools| 4.03 2.26 3.63] 4.39)2.8312.40|4.06)5.49(2.0012.24)525| 3.36 3.63
Miscellaneous...|14.03 | 1.74 | «2.13| 1.57 [ 2.96 | 3.43 | 4.35| 1.37 | 2.50 | 5.25 ] 4.17 | 12.09 5,31
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CHAPTER IV.—THE PHYSICAL CAUSES OF ACCIDENT—THE
DEPARTMENTS ANALYZED.

In the preceding chapter the important departments have been
contrasted with regard to the principal cause groups and the detailed
causes under those groups.

In this chapter the purpese is to analyze these departments,
bringing out whenever possible what has Kappened from year to
year over a period extending from 1905 to 1914. It is not thought
necessary to extend this minute analysis to the 5-year period, 1915
to 1919, since the effect of the various preventive measures is clearly
shown in the earlier period and their eontinued effect is evident on
comparing the two periods.

BLAST FURNACES.

In Table 20 the cause rates for blast furnaces are shown for each
year from 1905 to 1914.

TABIE 20.—~ACCIDENT FREQUENCY AND SEVERITY RATES FOR BLAST FURNACES,
1905 TO 1914, BY YEARS, AND BY ACCIDENT CAUSES.

Aceident cause. 1903 | 1906 ! 1907 [ 1908 l 1009 | 1910 | 1911 ‘ 1912 [ 1013 | 1014
Accident frequency rates (per 1,000,000 hours’ exposare).
Working machines............f....... 2107 1.90| 2.10| 1.33| 0.43| 1.43 | 0.77] 0.80 |.......
Cranes and holsts............. 2,07 | 530 277 3.13| 537 1.73] 2.40| L53| 2.00 0.87
Hot substances:
Breakouts...

Sparksand s 7
%pﬂls. .. ..
xplosiol 03
Furnaee slips . 450
Gas flames. . ...} 3.10
Hot water, etc............ 21.17
Total, hot substances. . .| 40. 57 | 35.95 | 33.80 | 23.03 | 14.80 | 11.32 | 13.27 | 8.93| 8.66 5.74
Palling objects. ... ............ 38.50|21.40 118,53 | 13.63 | 12.10 | 14.30 | 5.53 | 6.67 | 6.23 3.17
Falls of worker. ............... 7.63 7.93 7.47| 8.63 4.70 | 7.87 8.37| 5.30 2.60 4. 30
Handling obf'ects and tools....} 14.90 ] 870 10.87 | 863 | 10.10|10.83 | 9.43 | 7.43 | 5.63 4.30
Power vehicles. ... ... .. ... .40 160 1.90| 1,07 L13} 1.97 .23 .60 1N SO
Asphyxiating gas. . N 7.40 | 2.971 1,071 2.30| 4,67 971 1.13 4 1,40
Urniclassified. ... . ...422.90|15.07 118,93 {12,571 15.70 | 8.63| 530| 820 | 3.63 5,17
Not reported.....ocovuernann.. 2.43| 503 213 .27 180 .50 .23 P74 PR PRI
Total. . oeoeeininnnnan... 141,47 110,48 [101.27 | 74.13 | 69.33 | 62,25 | 42.16 | 41.53 1 30.35 | 24.95

Aceident severity rates (per 1,000 hours’ exposure).

‘Working machines..._._...... (‘; 1.80| 003} 0.47| 0.03 |._.._.. 0.03[ 0.07 |.......

Cranes and hoists. . een .40 071 1,604 0.13 .03 .

Hot substances:
Breakouts.

Sparks, ete .13 3 .53 .07

SPills. . e iicceee e e e P PR

Explosions 03 .03 W17 03

Furnace slips. . 63 .07 1.60 20

Gas flatties. ... 4 2.37] 2.00 W03 f......-

Hot water, etc............ 20 197 .30 .20

Total, hot substances...| 8061514 2.70 .53 3.27 L2001 2.03 .08 .43 .46

Falling objects................ 2.8 1) 3.73 .23 L3341 1.73 .17 .07 .07 .03 07
Falls of wotker. _......... N P 1.87 | 297] 193} 3.07| 3.43 10 07| 140 .16
Handling objects and tools. ... 531 2.03 .10 .10 .07 .33 .13 .13 .23 .23
Power vehicles. .......... R U 3.571 2.93 L1811 1.50 531 Le0f....... [€3 70 PO
Asphyxiating gas. . 127331 3.3 573] 350} 3.07] 1L70)] 160 130 L33 387
Unelassified. . ...o.covovniiiiforai]oaeanns .80 100 27 .33 .07 .10 .07 .
Notreported.........ooovieni|oeenaad)aaas 1> 3 DR (122 O S {12 20 DR D

Totad. . everreannnnnns 13.72{35.60 | 15,92 8.06(14.64| 6.82] 5.66| 1.96{ 49| 479
961 | 1,262 | 1,666 | 1,274 (1,486 | 1,358 | 1,380 | 1,749 | 1,668 | 1,160

1 Less than 0.005. 51
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52 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Considering the reduction in accident rates, both frequency and
severity, occurring in the blast furnaces during this period, 1t will
be observed that there is a very considerable regularity in the dis-
tribution of this decrease for each of the causes enummerated. In
some instances, however, the reductions are striking, even spectac-
ular. For example, in the case of ‘“hot substances,” the severity
rate for 1905 is 8.06 days per 1,000 hours’ exposure and for 1906
15.14 days. This declines to 0.46 day for 1914. In the blast fur-
nace plants included in this tabulation, the severity rate of one form
of injury due to hot substances, namely, “breakouts,” which were
of very great importance during the early years, entirely disappears
from 1910 onward. A study of the table will reveal the changes in
the situation regarding the different cause groups.

WORKING MACHINES.

In the blast furnaces there are comparatively few pieces of appa-
ratus which can be included under this heading. In two years, how-
ever, 1906 and 1908, the table shows high severity rates for machines.
For 1906 it is 1.80 days per 1,000 hours’ exposure. This compara-
tively high rate was due mainly to a fatality at the pig machine.
In this machine an endless belt carries a series of cast-iron pans into
which molten metal is poured. The belt moves forward carrying the
filled pans and the metal is cooled by the application of water sprays,
or the pans may be entirely immersed in a water bath. At the ex-
treme limit of the excursion of the belt, the pigs fall from the pans
as they pass the last rollway, forming a stock pile, or in some cases
fall directly into cars for transportation. In some cases a pig, instead
of dropping from the pan, adheres and is carried back by the belt
along the underside of the apparatus. Such a “sticker” is liable to
fall from the pan at any point of the return movement. In the case
under consideration this happened just when the pan had reached a
Eassageway, the pig striking a man who was passing through and

illing him. As a result this particular passage was closed and
in other similar cases where the passage was particularly desirable a
guard was placed overhead which would catch a falling pig.

Again, for 1908 there is a high rate (0.47 day), due largely to a
man’s foot being crushed in the mud gun. Plate 1 illustrates this
machine and shows at the point marked ‘“A’ a funnel through which
clay for closing the tap hole is fed. In the older type of mud gun
there was simply an opening into the barrel of the gun and quite
often a man would press the clay into place with his foot. In the
case under consideration, and in several others, the foot was caught
by the moving piston of the machine and severely injured, in this

- case necessitating amputation.

Since the number of accident cases in connection with machines
is decidedly small, comparisons between the different years must be
made with considerable caution. It is evident, however, that some
definite improvement is evidenced by the figures.

CRANES AND HOISTS.

In blast-furnace operations the usual type of crane is utilized to
some extent. There are two forms of hoisting apparatus peculiar
to the blast furnace. In any furnace of considerable size the han-~
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PLATE 1.— MUD GUN IN POSITION FOR CLOSING TAP HOLE.

PLATE 2.—- CINDER NOTCH, WITH GUARD.
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PHYSICAL CAUSES OF ACCIDENT—DEPARTMENTS ANALYZED. 53

dling of the ore will be accomplished by the ore bridge. This is
essentially a very much magnified gantry crane. The other form of
hoisting apparatus is that by which the materials are elevated to the
top of the furnace and dumped into the stack. Since in both these
forms the operation is almost exclusively mechanical, the operator
simply determining the movements by pulling levers and manipu-
lating electric circuits, the accidents from them are not very numer-
ous, although when accidents do occur they are apt to be quite
severe.

Turning now to the figures shown in Table 20, it appears that in
the initial year, 1905, the frequency rate was low and the severity
rate almost nothing. In 1906, however, in connection with the in-
creased industrial activity, the rates rose very rapidly. Considering
years of a similar degree of activity 1906 may be compared with
1913. The frequency rate in 1906 was 5.30 cases and in 1913 was
2.00 cases, a decline of 62 per cent, the severity rate at the same
time declining 62 per cent, from 3.63 days to 1.40 days. It is known
that these reductions were associated with important structural
changes. For example, when repairs are to be made at the top of
a furnace it is frequently necessary to attach the tackle to some part
of the furnace top. In the older types of furnaces no special pro-
vision was made for this purpose and stairways and platforms by
which the top of the furnace might be reached were very inadequate
or entirely wanting. This resulted in a condition of hazard, which
is strongly reflected in the accident rates for hoisting and also in
those for i};lls of the workers.

No change has contributed more definitely to lessen hazard about
the blast furnace than the complete revision of stairways, railings, plat-
forms, and other means of access which is to be found in all modern
installations.

EXPLOSIVES, ELECTRICITY, AND HOT AND CORROSIVE SUBSTANCES.

This group of causes is naturally of peculiar importance and inter-
est in the blast furnace. The essential process of this department
is the application of a high degree of heat to refractory materials and
throughout the process the hazards due to such heat are encountered.

Considering again the years 1906 and 1913, which are closely simi-
lar in industrial and labor conditions, the following decline in aceci-
dent rates due to hot substances may be noted: Frequency, from 35.95
to 8.66 cases per 1,000,000 hours’ exposure, a reduction of 76 per
cent, andseverity,from 15.14 days to0.43 day per 1,000 hours’ exposure,
a reduction of 97 per cent. It can not be assumed that these very
remarkable reductions are to be found throughout the blast-furnace
plants of the country, but it may be argued that the same attention
to improved construction which has affected these particular mills
will, if extended, similarly affect the rates in all such furnaces.

It is desirable to examine some of the divisions of this cause group
in order to secure a more detailed view of the changes which have
occurred.

BREAKOUTS.

In the older type of furnaces it was not an infrequent occurrence
that the walls of the furnace would be completely worn through by
the hot metal and that the outrush of molten iron which would
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54 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

follow would cause serious loss of life. A case is on record where
such a “breakout” resulted in the death of 14 men. When the
record as shown in the table is followed, it is found that these occur-
rences were by all odds the most serious hazard in the earlier years.
The year 1905 shows a severity rate of 4.70 days; 1906, 10.77 days.
Up to 1909 there continued to be difficulty from this cause, but from
that year breakouts entirely disappeared in the plants under con-
sideration. This disappearance was due entirely toimproved construc-
tion, which has now reached a point where events of this character
should be regarded as unnecessary.

SPARKS AND SPLASHES.

Injuries from this source are quite numerous and their severity is
great enough to warrant particular attention. Danger of this kind
arises particularly in drawing the cinder which floats upon the surface
of the molten iron and in connection with tapping off the molten
iron itself. Plate 2 shows a method of guarding the cinder notch
which has proved reasonably effective. It consists of a shield which
can belowered into a position in front of the notch when it is necessary
to draw off the cinder. Plate 3 illustrates a method of opening the
tapping hole of the furnace which, unfortunately, still continues in a
good many plants. The line of men who operate the bar by which
the clay plug closing the tapping hole is broken through are in such
position that when the molten metal comes pouring through there
are many chances that the small explosions which are very apt to
occur may throw the metal upon the men and cause severe burns.
Plate 4 illustrates the substitution of an air drill for the hand oper-
ated ta?ping bar. The number of men necessary for the operation
is greatly reduced. The tapping hole and the adjacent runner are
securely screened and the dress of the men includes such precautions
as the use of leggins., There is probably one other precaution in this
operation which might be urged. Burns of the eye are not of very
frequent cecurrence but they happen from time to time, groducing
injury all the way from a brief gisability to actual loss of the eye.
Tﬁe use of protective goggles has become quite general in foundries,
and there would seem to bo no reason why the same protection should
not be afforded in the cast house.

As the metal flows from the tapping hole it is necessary to direct
its course from the main runner in various directions. This is accom-
plished by the use of heavy cast-iron gates. These are of semicircular
shape, with a handle projecting from the side. Under the earlier
conditions it was necessary for the helper to pick up these gates and
drop them in position, getting away if possible quickly enough to
avold the scorching heat and the splashing metal. In a modern cast
house the gates are suspended above the runner and lowered into
i)osition by a cable or some other mechanism, which can be operated
rom a distance. Keeping the gates suspended above the runner
tends to safety in another particular. hen the gates were stored
in other parts of the cast house the iron frequently became moist.
When necessary to use the gate it would be held for a time over the
flowing metal in order to dry off any adherent moisture. This was
so hot and disifreeable a task that it was often not thoroughly done.
The result would be that when the moist gate came in contact with
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PLATE 3- OLD, UNSAFE METHOD OF DRILLING A TAPPING HOLE.
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PLATE 4- IMPROVED METHOD OF DRILLING A TAPPING HOLE.
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PLATE 5.- HOT METAL LADLE AND CAR, SHOWING DOUBLE TRUNNIONS AND
SAFETY CHAINS.

PLATE 6.— AUTOMATIC COUPLER ON CINDER LADLE CAR.
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PLATE 7~ MODERN BLAST FURNACE PLANT, SHOWING DUST CATCHER.
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PHYSICAL, CAUSES OF ACCIDENT—DEPARTMENTS ANALYZED. b)

the molten metal an explosion would be ecaused of sufficient violence -
to scatter the metal pretty well over the area of the cast house. The
method described abeove entirely prevents this accumulation of
moisture.

Splashing of the molten metal is apt to occur in connection with its
transportation. Two conditions, which -have been to a consider-
able degree remedied, were likely to produce dangerous splash-
ing: (1) The ladle cars sometimes had to be coupled together after
hot metal or cinder had been placed in them. If the coupling
had to be done by hand there was great danger that when the cars
came together a splash would oceur which the man would have great
difficulty in escaping. It has been argued, with some reason, that
the automatic coupler is not adapted to use on cars of this kind. The
molten metal flying out of the ladle was apt to fall upon the coupler
and obstruct its action. It has been possible, however, to devise
couplers which are successful in use. (See Plates 5 and 6.) (2) The
ladles used in transporting molten metal are provided with trunnions,
to which the large hooks carried by the cranes are attached when it
is desired to pour the metal from the ladle. For convenience in
pouring, these trunnions are placed at a point a little above the center
of gravity. When the same trunnions were used for pouring and for
supporting the ladle during transportation, great difficulty was expe-
rienced in so blocking the ladle that it would not sway or overturn
during transportation. Plate 5 illustrates the use of double trunnions
for supporting the ladie on the car entirely independent of the larger
one used for purposes of pouring. This construction has materially
lessened the danger of the metal spilling when the car is moving.

EXPLOSIONS,

As has been stated above, contact with moisture may cause quite a
serious explosion in the molten metal. It is also evident from some
cases which have occurred that there may be gases generated or con-
tained within the metal which give rise to dangerous explosions.
This appears, however, to be of rather minor importance in the blast

furnaces.
FURNACE SLIPS.

In the older type of furnace hot stock falling upon the workmen,
causing more or less severe burns, was not infrequent. With the
advance in construction which has occurred in recent years this form
of injury has largely disappeared. In order to show with reasonable
clearness how progress has eliminated this source of injury, it is nec-
essary to present, with some degree of detail, the structural features
of a modern furnace. The furnace itself consists of three elements:
(1) The stack or furnace proper; (2) the blowing engine; (3) the
stoves. Plates 7 and 8 illustrate the present development of such
furnace. The three elements mentioned represent the successive
steps by which the furnace has been evolved. The first form was
simply a tower of masonry with a brick lining into the top of which
the fuel, ore, and flux were dumped. The gases generated in the
smelting process escaped freely from the top of the tower and there
took fire, showing a waving torch of flame. Those who can remember
such primitive furnaces will recall them as a very striking feature of
a nigEt—time landscape. The next step in development was to add
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to this tower some form of blowing apparatus by which air was forced
into the mass of material and combustion and melting hastened (see
Plate 8). It was then discovered that still greater efficiency could
be attained by warming the air before it was introduced into the
tower. This has finally developed into the exceedingly effective
stoves of present practice. The furnace proper will show, if consid-
ered in vertical section, three portions: (1) At the bottom is a cylin-
drical portion called the hearth; (2) above the hearth is a funnel-
shape portion called the “bosh”; (3) above the “bosh” the furnace
has the form of a truncated cone, called the stack. Thisshape of the
upper part of the furnace allows the material which is thrown in at
the top to pass downward freely. When the “bosh” is reached the
temperature is sufficient to cause melting and the material decreases
in bulk, The funnel shape of the “bosh” accommodates this soften-
ing and shrinking mass.

Surrounding the furnace near the point where the stack and ‘“bosh”’
come together is a circular pipe, the “bustle’” pipe (see Plate 9).
The air forced by the blowing engines passes through one of the
stoves and is then forced into this bustle pipe. From the lower side
of this pipe a series of smaller pipes extend downward and pass
through the wall of the furnace, delivering the heated air among the
materials which have come down from the top of the stack.

Thus the small tower in which the early smelting was accom-
plished has gradually become a very large and very complicated
piece of industrial apparatus.

In Plate 7 may be seen the various elements of a blast furnace
installation, namely, the stack, the stoves, the engine house, and the
accessory pipes by which these parts are brought into relation and the
inclined hoistway, by which the various materials, coke, ore, and
limestone, which constitute “ the burden,” are elevated to the top of
the furnace.

What is called “a slip”” by the furnace man formerly produced one
of the most serious hazards connected with the operation of the
furnace and even with the best modern construction there is still a
degree of danger connected with it. When from any cause the down-
ward movement of the material in the furnace is checked there may
occur below this point a burning away of the combustible portion
of “the burden” and when this occurs “the burden” above that
point may suddenly slip down in the stack. Since this mass may be
as much as 20 feet in diameter and 60 feet in height, it is evident
that the mechanical effect of a sudden drop, even of a few inches,
would be very great.

In order to understand the conditions which may bring about a
slip it is necessary to state, in some detail, the processes which go
on within the furnace. When the furnace is “blown in”’ a quantity
of fuel in the hearth is ignited. When the entire mass is on fire the
feeding in of material at the top of the furnace begins. A portion of
this material is coke which on coming down to the burning mass in
the hearth takes fire. In accordance with the operative practices of
the furnace the bustle pipe is at a certain stage of the process con-
nected up with the furnace by means of short pipes, called ““goose
necks,” which terminate in water-cooled nozzles—the * tuyeres.”
These, passing through the walls of the furnace, deliver the heated
air to the ‘“burden.” The burning of the coke produces a high
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PLATE 8.—BLOWING ENGINES IN BLAST FURNACE PLANT.

PLATE 9.—BLAST FURNACE, SHOWING BUSTLE PIPE.
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PLATE 10.— OPEN HEARTH CHARGING FLOOR, CHARGING CAR IN FOREGROUND.
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temperature and a large amount of carbon monoxide. From the
limestone of the “burden’ is expelled carbon dioxide, leaving quick-
lime. This dioxide unites with a portion of the carbon and becomes
monoxide. These hot gases and the carbon react upon the iron ore,
taking from it its oxygen and reducing it to a metallic state. When
the “zone of fusion’” is reached both iron and lime are melted. The
heavier molten iron sinks to the bottom of the hearth, the melted
lime, or slag, floating on top. As the molten iron thus subsides it
is brought into intracontact with the melted lime and chemical
reactions occur by which various impurities which would impair the
uality of the iron are taken from 1t and drawn off with the slag.
henever the quantity of slag becomes sufficient it is drawn through
the cinder notcclll, and at intervals, usually about four times every 24
hours, the jron is tapped off through the tapping hole.

With such ore as was originally used, this process went on with
comparatively little trouble. The ore was of a granular character,
or consisted of masses which would be crushed to a size which allowed
a free passage of air through “ the burden” in the furnace.

Two conditions arose at the same time, adding very greatly to the
difficulties of the furnace men: (1) The great deposits of iron ore in
Northern Minnesota were discovered. This ore has a greater iron
content than almost any other and is also a powdery mass which can
be handled with steam-shovels and grab buckets. (2) Coincident
with"this discovery of ore there arose a very great demand for iron
and steel products.

With the granular ore mentioned above the heated gases had no
difficulty in passing through “the burden’ and bringing about the
desired chemical reactions, but when the fine powder of the Mesaba
ore was introduced into the furnace it produced a ‘“burden” which
was penetrated by the blast with more or less difficulty. It will be
more readily understood how this condition brings about furnace
slips and incidental difficulties of other kinds if a particular case be
followed. Let it be supposed that a portion of the “burden’” on one
side of the furnace is especially impervious to the passage of heated
gases. The result would be to deflect the gas stream toward the
other side of the furnace. That portion of the “burden’’ from which
the gas is thus diverted will begin to fall in temperature. Some of
it being in a pasty condition and just ready to fuse will solidify and
adhere to the furnace wall. Such an adhering portion of the “burden”
is called by furnace men “a hang.”” Once started it is very likely
gradually to extend, and may reach entirely across the furnace, con-
stituting a ‘“scaffold.” It is obvious that this condition checks the
downward movement of the material and disturbs all the internal
processes of the furnace. Below such a “scaffold” the continued
combustion of the coke removes the support. In order to restore the
action of the furnace an extra load of material may be dumped into
the top or the pressure of the air blast may be rapidly changed. As
a resuFb of such efforts the scaffold finally gives way.

It is a matter of some debate whether the mechanical effect of
such a “slip” is sufficient to account for the results which have
occurred. It seems probable, however, that under certain cir-
cumstances an explosive compound may be formed. It has been
suggested that this condition comes about as follows: If an almost
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58 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

complete “scaffold” is formed the carbon below it may be entirely
consumed. When the break comes a quantity of free oxygen ma

be suddenly mixed with the gases above the ‘“scaffold” and wit

incandescent coke dust. This union may be so sudden as to consti-
tute a veritable explosion. At all events, it was not an infrequent
occurrence with the older types of furnace, after Mesaba ore came into
use, that the top mechamism of the furnace would be blown com-
pletely off and the entire contents of the stack ejected. When this
occurred in a furnace where men were employed as ‘“ top fillers,” it
might produce a serious casualty. Among the records of such cases
accumulated in the course of this study are two, in one of which 14
men were killed and in the other 12. It is evident that methods
reducing a hazard of this character must be of the greatest interest.

The solution of the problem, both from a production and a safety
standpoint, comes down to the fundamentals of blast-furna®e practice.
The Mesaba ore is so rich in iron, so readily mined, and so easily
transported that the furnace man must necessarily use it and develop
his productive methods accordingly.

With some of the raw materials it is possible to modify their quality
in various ways to the great advantage of production and, fortunately,
at the same time of safety. For example, in modern by-product coke
ovens, it is possible to produce a coke of a high degree of uniformity.
The importance of this uniformity may be ilTustrated by the follow-
ing case. For a considerable period the performance of a group of
furnaces had been unsatisfactory. A normal quantity of i%ue dust
from these furnaces was about two carloads per day. For a week or
more they had ejected 10 carloads daily. For some time the superin-
tendent was entirely baffled in the search for an explanation. He
finally discovered that the coal used in the coke ovens was not
crushed to a uniform degree of fineness. In handling any granular
material the coarser particles tend to become aggregated, leaving the
other portions formed of finer particles. In the case under consid-
eration the result of this sorting was that a part of the coke was
composed of finer material, which easily Yulverized into a powder
and would then pack between the other elements of the “burden,”
rendering it somewhat impervious to the blast. On the other hand,
the coke composed of coarser particles was more readily inflam-
mable and so gave rise to unequai)heat. When the crushing process
was properly modified the furnaces gradually returned to normal
action. At another plant the screening apparatus at the coke ovens

ot out of order. As a result it was necessary to take coke for the
urnaces direct from the cooling racks without removing the ‘breeze.”
A few hours’ use of this unscreened coke produced serious hanging
and slipping in the furnaces.

It is evident that the substitution of the “by-product’’ ovens for the
“beehive” process should contribute to safety as well as production.

The limestone, used as a flux, may also be treated so as to lessen the
likelihood of troublesome slipping. If the limestone is crushed too
finely, it will tend, by the filling in of the ore and the “breeze” be-
tween the particles, to obstruct the blast. If, on the other hand, par-
ticles of too large a size are left they tend to descend into the lower
levels of the furnace without becoming completely converted into
lime. The result is that their conversion consumes heat at a point
where it is needed for other purposes. Very often limestone dust is
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even more troublesome. It may, under some circumstances, produce
what is called ‘““a lime scaffold,” which is very difficult to dislodge.
The best practice, therefore, requires careful crushing of a selected
limestone and that the product be screened so that the size of the par-
ticles is uniform.

The precautions. specified above having been taken with regard to
the physical condition of the coke and the limestone, the next step in
safe practice concerns the conveying and placing of material in the
furnace. As noted already, any materialpeonsisting of particles of
different sizes tends, under manipulation, to undergo a sorting process.
In the older types of furnace where from stock pile to furnace the ma-
terial was handled manually by loading into barrows with shovel or
fork, it was possible through instruction to the men doing the work to
prevent this troublesome sorting. Hand-filled furnaces still continue
in use and some new ones are still being erected because it is thus pos-
sible to avoid this troublesome sorting of the material

To produce by mechanical means a degree of uniformity in the
“burden’’ equal to that secured in the old type hand-filled furnace
has severely taxed the ingenuity of the blast-furnace constructors.

In the transit from stock pile to fusnace there are five or six points
at which this sorting of material is liable to occur: When material
drops (I) from the bin into- the car; (2) from the car to the skip;
(3) from the skip to the hopper; (4) from the hopper to the little bell;
(5) from the little bell to the large bell; (6) from the large bell to
the stack. It should be explained that the top of the furnace is
closed by two bell-shaped valves placed one above the other. This
double valve renders it possible to keep the top of the furnace always
closed and so to avoid the escaping of the gases.

The commonest method of combating the sorting tendency is by
devices at the furnace top. For example, a considerable number of
furnaces have been constructed with rotary tops. After a skip load is
dumped sueh & top automatically revolves a certain distance. The
loads are thus discharged from different positions into the stack, tend-
ing to provide a more uniform “burden.” Other constructors have
sought by varying the position of the skip when delivering its load
and by varying the form of the hopper to secure a satisfactory
mixture.

These illustrations serve to indicate the lines along which inventive
genius has been at work in solving the problem of handling huge quan-
tities of material and at the same time of securing reasonable uni-
formity in product.

1t is evident that both structural revision and changed methods are
involved in the results which have been attained.

GAS FLAMES.

Carbon monoxide, which is one of the gaseous products of the
furnace process, is highly inflammable and when mixed with cer-
tain proportions of air becomes explosive.

When Table 20 is examined, it becomes evident that the severity
rate for injuries due to the bursting forth of flames from different

arts of the furnace was high in the early years (2.37 days per 1,000
ours’ exposure in 1905 and 2.00 days in 1906). For several years
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thereafter the rates weré low, but in 1911 there was a rate of 1.63

ays.

These high rates in the early years are known to be related to the use
of hand-filled furnaces. In them the material is carried up in an
elevator to the level of the top of the furnace and the barrows are then
wheeled by men, known as ‘‘ top fillers,” to the top of the stack and by
them dumped into the hopper. The very large degree of replacement
of this hand-filled process by mechanical devices is the main factor in
the lessened severity rate from gas flames.

There have also geen important improvements in the structure of
the valves used in controlling the flow of the gas.

The development of gas washers has rendered the employment of
the stove men and stove cleaners much less hazardous. In Plate 7
may be seen the large pipes called ‘“downcomers” (‘“A”) in which the
gas from the top of the furnace is drawn off. This gas is heavily
charged with flue dust, of which the coarser particles are removed in
the ‘‘ dust catcher” (see Plate 7,‘“B’’). 'These dust catchers are noth-
ing more than very much enlarged portions of the ‘“ downcomer’’ pipe.
At the lower end they are funnel shape, and a valve at the bottom of
the funnel permits the accumwuated dust to be drawn off into cars.
The finer particles of dust are carried on in the stream of gas, some of
them settling in the gas mains and others being carried into the
stoves. When this dust-laden gas is fed to the stoves, openings be-
tween the bricks with which the stove is filled become cho]i(ed up and
as a result the burning gas may be forced out at unexpected places,
causing serious injury.

In modern practice the gas, instead of being sent directly to the
stoves, is passed through a gas washer, in which, by means of water
sprays an({) by causing the gas to bubble through layers of water, the
dustisremoved and clean gas sent on to thestove. By thusfreeing the
gas from obstructing material the operation of ‘the stovesis made ver,
much more efficient and the safety of the mill is materially conserved.

As noted above the gas when mixed with air in certain proportions
becomes highly explosive. It did not happen that the group of fur-
naces upon whose experience the table is based had any serious ex-
plosions except in connection with furnace slips. Since these gas ex-
plosions constitute a serious hazard it is appropriate to illustrate
them at this point. ) )

In one plant a very peculiar explosion of this sort occurred. For
some purpose the pressure of the blast was reduced, the engines slow-
ing down but not stopping. It is difficult to understand how, under
such circumstances, any gas could find its way into the air cylinders.
However, it did penetrate, an explosive mixture was formed, it ig-
nited, and the engine was badly wrecked, causing the death of two
persons and injury to several others. o _

For & clear understanding of the engineering revision by which the
danger of such an accident was lessened, if not entirely removed, it
is necessary to give some further description of the engines and stoves.
Blowing engines are of two types, steam engines and gas engines.
They consist essentially of a huge air compressor whose plunger is
driven by steam or gas. The air compressed by the action of the
engines is delivered into a main from which there are two branches,
one going directly to the furnace (the cold blast) and the other to
the stoves (the hot blast). Under ordinary conditions the branch
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direct to the furnace is closed by a valve and the current of air goes
entirely by way of the stove, from which it is conducted to the
““bustle” pipe surrounding the furnace.
At the time of the explosion noted above the valve in the cold-blast
¥)ipe was closed by hand and in all probability the closure was imper-
ect. When the engine suddenly slowed down, the pressure in the
main became somewhat less than that in the furnace and gas was
drawn back into the air cylinders. To overcome the possibility of
such an occurrence, valves have been designed for both the hot and
cold blasts. They are so adjusted that they close immediately upon
the lowering of 1i)ressure and would seem to constitute an effective
barrier against the recurrence of such an explosion as that described.

A furnace was in the process of being dismantled for the purpose
of relining. In the lower part of the furnace there still remained a
small amount of burning material. The imperfect combustion inci-
dent to this condition gave rise to a sufficient amount of carbon mon-
oxide so that when it mingled with the air above it formed an explo-
sive mixture. Six men were carrying some part which had been
removed from the furnace. In this process they had reached a posi-
tion where the six were in direct line with the opening where the
tuyere had been. Just at this stage an explosion occurred, driving a
stream of flame directly along the [ine of men. Several wereinstantly
killed, others so seriously burned that they died later, and only one of
the gang finally recovered. Such a combination of circumstances as
that related could hardly be expected to occur, but that it did occur
gives very forcible emphasis to-the danger attending the formation of
such explosive mixtures. It is evident that under any circumstances
a smoldering fire in a confined space may produce such a result. It
has occurred rather frequently in the process of ‘““blowing in” a fur-
nace that the gases generated mingled with the air in the upper part
of the stack and gave rise to explosions. It has become quite the
standard practice to fill the space with some inert gas. The most
readily available is live steam.

When from any cause the movement of gases through the mains is
suspended, there will be a tendency to cooling and contraction.
This might proceed so far as to give rise to a negative pressure. Since
the mains are scarcely, if ever, absolutely gas tight, there would be a
tendency at such times for air to filter into the mains, and it might
do so in sufficient quantity to give an explosive mixture. One case
has been observed in which an explosion due to this cause twisted a
dust catcher into an unrecognizable mass.

Since nearly all furnace installations have at least two stacks, it is
possible to provide junctions between the mains in such a way that
there will be a constant gas supply and a regular pressure in the
parts where cooling and the intake of air might otherwise occur,

With this precaution and with arrangements for the use of live
steam at times, it should be possible practically to eliminate explo-
sions of this character.

FALLING OBJECTS.

When we compare years of similar industrial character, as shown
by Table 20, it will be found that in 1906 the frequency rate for falling
objects was 21.40 cases per 1,000,000 hours’ exposure and that 1913
shows 6.23 cases. This is a decline of 71 per cent. Between the
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same years the severity rates changed from 3.73 days to 0.03 day per
1,000 hours’ exposure, a decline of 99 per cent.

The high rates shown by the earlier years were due to hazards in
the matter of falling objeets which the b%’a,st furnaces share with other
departments. The characteristic features of the blast furnace, inci-
dent to the storage of iron ore, coke, and limestone were responsible
for a very small portion of the accident rates quoted above, the
storage of stock having been deprived of its most dangerous element
through the substitution of mechanical for hand labor. = For example,
when ore was transferred from the stock pile to the furnace in hand-
barrows it would happen very often that removal of the ore from the
bottom of the pile would cause the pile to cave in upon the men. At
the present time in all the important plants this transferring is accom-
plished entirely by mechanical means. The men who control the
apparatus are but little exposed.

FALLS OF WORKER.

Falls of the sort distinctive of blast-furnace operations, such as
those into ore bins, are a very considerable number. Next to them
come falls from the transfer and larry cars. Most falls, however, are
of a character which might occur equally well in other departments,
blast-furnace workers being especially liable to falls from structures.
An inspection of Plate 7 will show that a furnace has many points
where the worker is obliged to go and from which a fall would be
serious. In the illustration the modern installation of stairways,
railed walks, and permanent spars for attaching hoisting apparatus
are very evident. The provision of such means of safe access and
movement from point to point has contributed greatly to the reduc-
tion of accidents, since falls from the elevated parts of the furnace
would necessarily meanr either death or serious mjury. It is there-
fore not unexpected to find that the severity rate for injuries of this
kind has declined even more rapidly than the frequency rate.

HANDLING OBJECTS AND TOOLS.

Before Table 20 was made it was anticipated that the handling of
gig iron might prove to be a somewhat serious source of injury. It

ecame evident, however, that the injuries resulting in connection
with this work were commonly of minor severity. It is true that in
many plants the handling of pig iron has become almost entirely a
mechanical process. The frequency rates in connection with the
handling of material are among the highest and show a very definite
decline over the period under consideration. In severity, however,
the rates are among the lowest. That is, the handling of objects
naturally produces a very considerable number of injuries, only a
few of which are of a very serious character.

POWER VEHICLES.

There is in blast furnaces a varied sort of hazard from the necessary
use of various forms of power vehicles. Very large quantities of
raw material, ore, coke, and limestone must %e brought into and
moved about the plant. This calls for railway operations on a large
scale. Ifrom the storage places the material must be moved to the
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furnaces, neeessitating transfer cars and a number of small cars,
called larry cars, which c¢onvey the stock to the furnace hoists.

The earlier years show, as might be ex(i)ected, particularly high
severity rates, such as, for example, 3.57 days per 1,000,000 hours’
exposure in the year 1906. In the plants on whose experience this
table is based there was an almost complete control of the power
vehicle hazard before the end of the period. Those accidents occur-
ring in the last three years shown were of such minor character that
the severity rates are too small to be considered. This control of the
vehicle hazard has involved an almost complete reorganization of the
transportation facilities. Whereas formerly many tracks were at
grade they are now carried upon trestles, clearances have been pro-
vided, and the entire system simplified and improved to a degree
which wilt not be appreciated except by ome familiar with both
conditions.

The decline in frequency was from 1.60 in 1506 to 0.40 in 1913—75
per cent. Severity declined from 3.57 days to 0.004 day, a reduction
of 99 per cent.

ASPHYXIATING GAS.™

This danger, while not exclusively one found about blast furnaces,
is much more common and serious there than in any other industrial
process. It is rather curious that the comparatively few cases of
asphyxia from the gases given off by motor cars have attracted more
attention than the frequently recurring deaths which were formerly
characteristic of blast-furnace operations.

The frequency rates as shown by Table 20 are low as compared with
other accident causes and the severity rates are high and do not
decline in the marked degree exhibited by some of the others. Thus,
the rate for the year 1914 (3.87 days per 1,000 hours’ exposure) was
as high as that for 1906 (3.83 days). Besides this serious direct action
of asphyxiating gas, it eontributes constantly to accidents commonly
charged to other causes. For example, the severity of falls noted
above is in part due to the fact that under the influence of the gas
the men lose control of themselves and falls result.

The most important element in eontrolling the hazard of asphyxiat-
ing gas has been certain modifications in structure. Formerly the
gas was carried in brick conduits underground. It was difficult, if
not impossible, to render these conduits gas tight and often when
damaged the fact would not be known unless the escaping of gas
became very pronounced.

It is very commonly the case around furnaces that the ground has
beerllf built up by the use of porous waste material from the furnace
itself.

When there was constant leakage into this porous ground of gas
from the mains, the entire area became saturated so that gas was
constantly being given off into the air in the vicinity. This continu-
ous poisoning of the air could not fail to haveits effect on the health
of those working under such conditions; from time to time an
accumulation of the gas would oeccur in some confined space and
on entering it someone would be overcome and perhaps die as a result.
In the present practice the mains, instead of being buried in the

56 Technical Paper 106, United States Bureau of Mines, gives detailed instructions regarding the reduc-
tion of the hazard of asphyxiating gas.
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ground, are carried at a considerable elevation overhead. They
consist of well-riveted boiler plates, which may be made very nearly
gas tight. These are lined with refractory brick to prevent the loss
of heat. It is evident that such mains, located above the heads of
the majority of the workers, would not, even if they gave off gas,
pollute the air in the same way that the underground conduits did.
The lessened use of the hand-filled furnace has significance in con-
nection with the reduction of cases of asphyxia. This may be illus-
trated by the following example: The bell of a hand-filled furnace
had become overheated and warped, allowing the gas to escape. The
direction of the wind was such as to drive the gas toward the hoist.
As a result the men there employed were constantly being overcome.
The foreman had nearly doubled his crew of men. Half of the men
were placed in a position to avoid the gas and directed that whenever
one of their comrades was overcome they should pull him into the
fresh air and one take his place. Those who were so seriously affected
as not promptly to regain consciousness were sent down on the hoist
and others were brought up. Finally one of the men was overcome
just ashe was emptying his Earrowload of ore onto the bell. Hefellin
the hopper and against the bell and was severely burned. The com-
bined ef?ect of the gas and the burn caused his death. In endeavor-
ing to rescue him the foreman and five orsix other men were overcome.
At this stage the effort to keep the furnace operating was abandoned.
Some illustrations of the insidiousness of this poisoning may be
offered. Horizontal mains will gradually become filled with dust.
In a particular plant it was the custom to shut off the main from the
furnace and to leave a series of manholes along the top open. In this
way after a few hours the main would become, supposedly, so free
from gas that a gang of shovelers might be sent in to remove the dust.
The foreman of such a gang of shovelers went down into the main
at one manhole and walked along to another without experiencin,
any discomfort. Believing that the gas was sufficiently remove
from the main he sent in the shovelers and they began work.
Apparently the gas was caughtin the pores of the dust, and when that
was disturbed by the shovels several men were overcome. In efforts
to rescue the half dozen shovelers some 30 men went into the pipe.
A majority of them, including the assistant superintendent, were
affected in various degrees, many of them becoming completely
unconscious. Perhaps due to the realization on the part of the super-
intendent of the hazard involved, as indicated by his own experience,
it was arranged that the removal of flue dust from that particular
main should thereafter be accomplished by a stream of water, making
it unnecessary for men to enter the pipe for the purpose of cleaning it.
The extreme care which is necessary wherever carbon monoxide gas
is liable to accumulate is illustrated by the following case: There was
in a blast-furnace yard a small motor house. There was one door
and a single window, and no other opening except a space where the
shaft of the motor went through the wall. "As a precaution, the super-
intendent had detailed two watchmen to that part of the plant.
Two were detailed because of the fact that they were obliged to in-
sgect some places where gas might have accumulated, and one of
them was instructed to remain outside so as to be able to assist the
other if in the course of their inspection he became affected. These
two men sought shelter on a stormy night in the small motor house.
They were found in the morning dead from gas. No one had sus-
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pected that this building was at_all dangerous, but apparently at
this time the direction of the wind was favorable to forcing the gas in
around the motor shaft and a sufficient amount entered in that way to
produce the fatal results.

It is now quite frequently the custom to provide oxygen breathing
apparatus for a worker who must go into a locality where accumula-
tion of gas is liable to occur. This apparatus is now made in small
forms and should help materially in reducing the death rate about
the furnaces. Gas masks have, since the war, been developed to a
po@gt where they form a reasonable protection against carbon mon-
oxide.

UNCLASSIFIED CAUSES.

This group embraces the causes which did not seem to be suffi-
ciently characteristic of the particular department to demand
individual attention. The frequency rates are rather high, but the
severity rates are so low that the importance of this group of causes is
not considerable.

COMPARISON OF THE YEARS 1906 AND 1913.

Throughout the foregoing discussion the two years 1906 and 1913
have been selected for purposes of comparison because of their
similarity in industrial conditions. It is now clearly established
that the rise and fall of industrial activity are reflected in the corre-
sponding rise and fall of industrial accident rates. In the absence
of other factors this fluctuation will be in very exact relation to the
fluctuation in the proportion of inexperienced men in the working
force. The contrast hgtween the two years is due to the presence
of another factor, namely, organized effort at accident prevention.
For convenience the figures regarding the two years are here brought
together in a single table. Both frequency and severity are shown
and the percentage of reduction from 1906 to 1913 is introduced.

.TABLE 21.—COMPARISON OF ACCIDENT RATES IN BLAST FURNACES FOR YEARS
OF SIMILAR INDUSTRIAL ACTIVITY, 1906 AND 1913, BY ACCIDENT CAUSES.

Acecident freq?en- Acciden(t sev%r(i)gg
¢y rates (per | p rates (per P
1,000,000 hours’ ﬁ?‘,’ﬁf‘t hours’ ex i) 0- f,'f‘i‘;llt
Accident cause. exposure). duction | sure). duction
1906 to 1906 to
1913. 1913,
1906 1913 1906 1913
Workingmachines........................ 2.1 0.8 62 1.8 (O] 99
Cranesand hoists......_................... 5.3 2.0 62 3.6 1.4 61
Hot substances... 35.9 8.6 76 15.1 .4 98
Falling objects. .. 21.4 6.2 71 3.7 .03 99
Falls ofworket............ 7.9 2.6 67 1.9 1.4 25
Handling objects and tools 8.7 5.6 35 2.0 .2 89
Power vehicles.,........ 1.6 4 75 3.6 1) 99
7.4 4 95 3.8 1.3 65
90.3 26. 6 72 35.6 4.8 87
1,262 1,668 |..oovonn.. 1,262 1,668 |.veeun..ns

1 Less than 0.005.
OCCUPATIONS AND ACCIDENT CAUSES.

Thus far blast furnaces have been treated as a unit. It is ob-
vious, however, that the degree of hazard is not the same for different
occupations. For the purposes of the safety man it is desirable to
be informed with regard to any occupational differences which
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may exist. The following table is introduced to show sueh differ-
ences and to afford some measure of their importance. It is exceed-
ingly difficult satisfactorily to separate the working force into
occupational groups. It must therefore be understood that the
figures in this table and others of a similar character are simply as
close an approximation to a precise elassifieation as it is possible
to make.

It was not possible to compute severity rates for the different
eause groups by occupation.

TABLE 22..-—ACCIDENT FREQUENCY RATES (PER 1,000,000 HOURS’ EXPOSURE) FOR
BLAST FURNACES, 1905 TO 1919, BY OCCUPATIONS AND ACCIDENT CAUSES.

Cast- Com- Un- An
Accident cause. house mon Me;g?z;n— Stf’c}f classi- | oceu-
men.! | labor. . ers. fied.¢ | pations.
Workingmaehines........................ 1.2 0.8 10 ........ 2.1 1.1
Cranesand hoists................o...... .. 3.7 3.2 3.6 2.3 .6 2.7
Hot and corrosive substanees........_...._ 67.1 21.0 6.7 6.4 14.2 19.3
Fallingobjects...o...o.oooiiiiiaii il 14.5 19.9 8.6 14.3 6.3 13.1
Fallsofworker.. .. ... . ... 8.6 6.5 4.7 3.4 5.7 5.8
Handling objects and tools.. 16.9 12.6 6.1 4.1 4.1 8.9
Power vehicles. .. .2 2.0 .2 L5 .7 1.0
Agphyxiating gas 2.0 2.4 2.1 1.9 2.9 2.4
Unclassified. . 12.5 12.4 8.9 17.7 9.5 11.2
Notreported. . ..o oveeniioeomraiania]eronann. 2.7 7 .8 .3 1.3
BT 7 ) A R 126.7 83.5 42.7 52.3 46. 4 66.9
Number of 00TKeFSevee e ovivivnennninnnnnns 1,857 4,930 3,670 886 3,006 18,849

1 Includes bar and clay men, cinder snappers, keepers and helpers, ladle men.
2 Ineludes blacksmiths, boiler makers, bricklayers, carpenters, handy men, machinists, millwrights,
painters, repair men, riggers, pipe fitters.

3 Includes bottom fillers, ¢agers, dust men, larry men, skip hoist rhal, stockers, top fillers, weighers.
4Includes blowers, crane hookers, cranemen, engineers, foremen, lever men, loaders, oilers, pig-machine
men, scrap men, stove cleaners, stove tenders, switchmen, washers, firemen, and others,

When the total rates for each occupation are considered it becomes
evident that cast-house employees Ead very markedly the highest
frequency (126.7 cases per 1,000,000 hours exposure{ Elsewhere
it is shown (p. 38) that this group also had high severity. It is
presumably true that both the high frequency and the high severity
are due to the accidents involving hot substances. The frequency
among cast-house men of accidents from that cause is 67.1 cases,
nearly four times as high as the frequency from handling tools and
objects (16.9 cases).

Common labor shows high rates whenever it is possible to isolate
it from other occupations. This is true in the blast furnace as in
other departments. The rate of 83.5 cases, while not so high as that
to be found in some other departments, is of serious importance.
As with cast-house men, their most serious hazard is connected with
hot substances, their rate in that connection being 21.0 cases. The
rate for falling objects (19.9 cases) is higher than that of any other
occupation.

Blast-furnace meehanics did not show as high a rate (42.7 cases)
as that found in the general mechanical department (62.5 cases),
but their severity rate is considerably higher.

The importance of asphyxiating gas as a cause of injury in blast
furnaces is emphasized by the fact that all the occupations suffered
almost equally from this cause. The highest rate (2.9 cases) is found
among unclassified workers. This will be understood when it is
noted that the stove cleaners, stove tenders, and gas washers are
included in the unclassified group.
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STEEL WORKS AND FOUNDRIES.
ACCIDENT CAUSES IN OPEN HEARTHS.

The open-hearth department is at present the most important of
the steel-making departments. The first great impetus to steel con-
struction was afforded by theinvention and introduction of the Besse-
mer process. In order to produce satisfactory steel by the Bessemer
process ore of a certain quality is necessary. The quantity of such
ore becoming steadily less caused serious deterioration in the quality
of the steel. This was particularly noticeable in the case o(} rails,
where the increasing size and weight of the trains demanded the ut-
most in durability and strength. As a result of this the open hearth
has steadily gained, since its introduction, upon the earlier method.
At the present time there is a tendency to combine the two methods,
partial purification being made in the Bessemer converter, and the
metal being then transferred to an open hearth for final purification.

Table 23 1llustrates the course of eventsin the open-hearth depart-
ment from 1907 to 1914. The cases listed are those which are
especially characteristic of the open hearth. Those cases which are
common to this department and others are grouped under the heading
of “unclassified.”

TABLE 23.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR OPEN HEARTHS, 1907
TO 1914, BY YEARS AND BY ACCIDENT CAUSES.

Accident cause. 1907 | 1908 | 1909 | 1910 | 1911 | 1912 | 1913 { 1914
Accident frequency rates (per 1,000,000 hours’ expo-
sure).

Working machines 1.6 0.5 1.0 1.1 0.7 0.5 0.3 0.4

Cranes and hoists. 12.7 8.5 7.2 7.5 6.3 4.6 4.1 4.3
Hot substances:

BreakoutSeee s cu e cenieena e 3.8 .8 2.2 1.1 .1 1.4 1.3 {ecernn

Sparks and splashes...................... 5. g 5.5 4.9 2. % 4.9 5.3 3.0 4.7

S e et et ieee e 5 3 PN R P T ! P

Explosions other thaningot....._.._..._. 2.8 -3 1.4 L3 j....... .4 L5 ...,

Ingot explosions........ccoveininenannn. 1.8 1.3 L7 .6 2.1 .9 1.0 .7

Gasflames. . ... ..ociieiiiiiiiiiiiae.s 1.6 2.2 1.6 1.5 1.1 1.1 7 .9

Unclassified....vooereoeoiaiaeaeaaan 4.8 2.2 4.4 4.8 5.1 3.8 3.5 2.0

Total, hot substanees ................. 21,0 12,3} 16.2| 12.2| 13.3| 12.7} 110 8.3

Handling objects and tools......c..coceunnn... 15.1 7.81 11.8| 11.1 8.2 8.4 7.7 7.5

Powervehicles......... ...l 5.6 2.5 3.6 2.8 2.7 4.2 4.9 .8

Unclassified. ... ocueeieoiianii i aaeaaaa, 48.5| 36.0 37.0| 29.2| 19.8| 219 22.5 16.9

Total. .o eee e 104.5 | 67.6 76.8 | 63.9 ) 51.0] 52.3} 50.5 38.2

Accident severity rates (per 1,000 hours’ exposure).

Working machines.......ocoviiiiieianaaon.
C anes and hoists. . .
Hot substances:
Breakouts...

0.03
1.9

0 .9
Total, hot substances......c..couno... 5.4 1.4 1.2 .3
Handling obljects and taols. ... 1 .1 .1 .3
Power vehicles .- 3.0 .1 .3 .1
Unelassified.. .4 .6 1.4 1.4
Total. e 14.4 2.3 4.0 4.0
NUmber Of WOTKerS. ..o nueeennmcaeananans 2,987 | 2,120 | 2,872 | 2,138 | 2,725 | 8,525 | 3,603 | 2,483
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63 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Over the period covered by the table there is a marked decrease
in the rates. Frequency declined from 104.5 cases per 1,000,000
hours’ exposure in 1907 to 50.5 cases in 1913; severity {rom 14.4
days per 1,000 hours’ exposure in 1907 to 8.1 days in 1913, the inter-
mediate years being uniformly lower.

This decline was distributed over the individual cause groups but
by no means regularly. This can be best brought out by considera-
tion of the different causes.

WORKING MACHINES.

The characteristic machine of the open-hearth department is the
charging car (Plate 10), by means of which the boxes containing the
scrap are lifted from the cars and thrown into the furnace. Some
of the older types of these cars had a considerable amount of uncov-
ered gearing 1n which the operator could be caught. The machines
are now made with the gears completely covered and also are pro-
vided with fenders covering the wheels, so that the hazard to the
operator and those working about the machine has been materially

reduced.
CRANES AND HOISTS.

The cranes used in open hearths are essentially like other overhead
cranes but with certain modifications incident to the transportation
of molten metal. The earlier type of open-hearth building had only
room upon the large floor for the accommodation of the charging
car. For this reason when hot metal was used in the furnace it was
necessary to transport it overhead by means of a crane (Plate 11).
This long distance transporting of ladles filled with hot metal intro-
duced a very serious hazard for the men over whose heads the move-
ment had to be made. In later construction the stocking floor has
been made wider so that a ladle car can be moved lengthwise of the
building behind the track on which the charging cars run.

When these ladles of metal reach a position opposite the furnace
to be charged, the crane lifts them and carries them a comparatively
short distance across the stocking floor.

On the other side of the furnace there is an area at a lower level
called “the pit”’ (Plate 12). The present arrangement is not the pit
in the original sense, but this name continues to be applied to it.
The older types of open hearths had an excavation in which the la-
dles were lowered when the metal was to be drawn off from the fur-
naces. On this pit side the ladles receive the metals from the furnace
and are carried across the pit to the far side where the molds, placed
upon small cars, stand in readiness to receive the molten metal.

Two characteristic hazards may be noted in this region. While
the ladle of metal is being moved a serious “spill”” of the metal may
be brought about by a break of the mechanism or from some other
cause. the movement is accomplished safely the metal 1s drawn
from a valve in the bottom of the ladle directly into the molds.
During this process explosions may occur which will scatter the metal
for considerable distances, endangering those within range. These
hazards have been met in twe ways: (1) Greater strength and im-
proved design of the crane and of the ladle and (2) better means of
escape or protection, particularly for the crane operator who is very
seriously endangered in case of a serious spill.
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PLATE 11.— STOCKING SIDE OF OPEN HEARTH.
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PLATE 12.— PIT SIDE OF OPEN HEARTH.
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The structural changes involved in modifying the design of the
ladle are too numerous to treat in detail but may be illustrated by
one or two cases. The hooks by which the ladle was lifted were
formerly cast in one piece. If these should break, they were apt
to do so without warning, with disastrous results. It i1s common
practice at the present time to build up laminated hooks by bolting
together a number of steel plates. These are stronger than the older
type of hook and also less liable to a complete break without warning.
It has already been noted that for convenience in emptying ladles
the points of suspension are not very much above the center of
gravity. As a result, the overfilling of the ladle might raise the
center of gravity nearly to or slightly above the point of suspension.
In one open hearth the ladles which were in use were not quite large
enough to take the entire heat from the furnace. Accordingly the
superintendent had the upper edge of the ladle extended a few inches
so as to accommodate the extra quantity. With the ordinary
heat this operated without apparent danger. On one occasion,
however, the amount of metal in the heat was in excess and filled the
ladle almost to the rim. The ladle was raised and transported a

' few yards and then turned completely over. Several men were
badly burned, one or more fatally. Two changes were made; the
ladles were reconstructed so as to throw the center of gravity to a
lower point and a latch was devised which would automatically fall
into a groove and prevent the tipping of the ladle until it had been
released.

Since the craneman performing his duties is in a position necessa-
rily exposing him to grave danger in case of a spill, much ingenuity
and money have been applied to affording him some means of escape.
These are usually of two types: The closed chamber within the
crane cage, lined with heat-resisting matertal, into which the crane-
man can readily pass in case of danger, and a railed gallery on the
outside of the building, to which there is easy access through openings
in the wall. Such a gallery had been constructed on one open heart.
and for several years nothing occurred making its use necessary.
The company had even considered removing it as a useless adjunct.
Finally, one of the ladle hooks gave way and the contents of the ladle
began to pour out along the floor. The craneman, without shutting
off the power, escaped to the gallery; then, realizing that his crane
was still in motion and that the spilling of the metal all the length
of the building might have serious consequences, he rushed down
the gallery, managed to climb again into his crane cage, shut off the
power, and again escape. Fortunately, in this case there were no
casualties but the opportunity for them was seriously present.

HOT SUBSTANCES,

Breakouts are of much less importance in the open hearth than in
blast furnaces, but the accidents which from time to time occur from
this cause may be exceedingly serious. It is often necessary to-have
im depression in front of the gurnace to accommodate the very large

adles.

A large amount of material had accumulated in one such pit and
two men were sent down into it to make a cleanup. The tapping
hole of the furnace gave way just at this time and the men were cov-
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ered with the white hot metal. As a result of this aceident several
plants have devised: mechanical means by which the rubbish can be
removed without the neecessity of the men descending into: the pit.

Miner injuries occur from time to time when the tapping hole is
being opened, and it has not appeared feasible to adopt the same
sort of screens which have been effectively used in the blast furnace.
It is possible, however, for the men to safeguard their eyes by the use
of appropriate goggles.

Table 23 shows that sparks and splashes cause a very considerable
number of injuries in the open heartg. These are, however, of rather
slight importance. The frequency rates for this cause declined
slightly during the years covered by the table, from 5.8 cases per
1,000,000 hours’ exposure in 1907 to 3.0 cases in 1913. The severity
rates do not show a similar decline.

It has already been noted in connection with the operation of
eranes that spills are an accompaniment of the transporting of
molten metal. There is one other place where serious accidents of
this kind may occur. This is at the mixer (Plate 13). This appa-
ratus is of & bowl shape and capable of holding from 250 to 1,000
tons of molten metal. It is called a mixer because in this container °
the product of a. number of different furnaces may be mixed, with the
result that a more uniform quality of iron is delivered to the steel
furnaces. The mixer is so constructed that it can be tilted to pour
out the metal into the ladles which carry it to the furnaces. It is
obvious that if the controlling mechanism fails a very serious spill
on a large scale may take place.

Three methods have been applied to obviate this hazard: (1)
Counterweights on the mixer, by which if control is lost the mixer is
automatically restored to a horizontal position. A serious disadvan-

- tage of this method is that it adds very greatly to the dead weight of
the mixer. (2) An electrically operated lock which fastens the mixer
wherever it may be when the tilting apparatus acts improperly. (3)
A safety valve in the hydraulic tilting apparatus.

It happened in one plant that the handle by which the operating
valves were controlled broke. This, of eourse, left the operator en-
tirely helpless and the mixer continued to tip until its entire contents
were thrown upon the floor. As a result of this occurrence a safety
valve was devised which has points of excellence making it worth a
deseription.

The usual method of tilting the mixer is by means of two opposing
eylinders which are operated by water pressure. These are desig-
nated as the pouring cylinder and the righting eylinder. The oper-
ator, by moving a lever, directs the water into one cylinder or the
other according to the necessities of the case. The breaking of the
handle in the case noted above necessarily rendered control by the
operator impossible. The safety valve meets the difficulty in the
following manner: A branch from the pipe supplying the pouring
cylinder leads off to the sewer. In this granch is pTaced a valve
counterweighted so that it willstand open. Aslong as it stands open
no pressure can be directed into the pouring cylinder. Alongside
the operator there is a small footplate on top of a rod projecting
through the floer. When the operator wishes to pour he depresses
this footplate by stepping upon it, the rod aetuating the valve before
mentioned. In case of emergency all that is necessary to stop the
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tilting of the mixer is for the operator to remove his foot from the
footplate. This allows the pressure to force the water into the sewer
and the pouring cylinder ceases to act.

This device is an excellent one in several particulars: (1) Since it
must be used in the regular operation of pouring it will necessarily be
kept in good order; (2) while the operator controels its actiom, 1t is
essential%y automatic; (3) very slight action on the part of the opera-
tor brings it into play.

Among other forms of explosion, these occurring during the pouring
of ingots have received considerable attention. Table 23 seems to
indicate that, although of considerable frequency, such explosions
are not very important from the standpoint of severity. The most
frequent circumstance under which ingot explosions occur is when the
cover is removed from the top of the mold. There are three ways to
deal with this hazard: (1) The use of open-top molds; this causes
a larger amount of waste from the ingot but not enough to offset the
reduction in accidents; (2) handling of the molds in such a way as to
prevent the removal of the cover until sufficient cooling has occurred
to render explosion unlikely; (3) the installation of screens, from
behind which the uneapper can work. KExplosions other than ingot
explosions are shown by the table to have constituted an extremely
important cause of injury in the open-hearth department during the
early years. In 1907 the frequency rate was 2.8 cases per 1,000,000
hours’ exposure; in 1913 it was 1.5 cases. The drop in severity is
from 4.2 days per 1,000 hours’ exposure to 1.4 days. This is a de-
crease of 46 per cent in frequency and 66 per cent in severity. The
notable lessening of severity is attributable almost entirely to im-
provement in structural method. In the nature of the case, the
man employed has no control over the occurrence of an explosion.

Improvement in method is illustrated by the following case: In
the production of special ingots of unusual size from which armor
plate and other large forgings may be produced it is customary to
fill the molds by what is called “bottom pouring.” A tube leads
down beside the mold to the bottom of a pit in which the mold
stands. Metal pouring into this tube gradually rises in the mold
from the bottom. Placed on top of the large mold is a smaller one
held in place by guy rods which may be tightened by means of turn
buckles. The erack between the two molgs is carefully closed by a
luting of clay. When the large mold is nearly full a small ladle of
molten metal is brought by the crane and poured into the small mold
from above, 15 or 20 minutes being taken to complete this process.
On one occasion the small ladle had what is known as a ‘“running
stopper’’; that is, a stopper that did not perfectly close the opening
and allowed constant escaping of metal from the bottom of the ladle.
Under these circumstances perfect control of the pouring process
was tmpossible and the filling was hurried so that it was completed in
about 5 minutes instead of the usual 20. When the small mold was
nearly full a violent explosion occurred. The molten metal was forced
out at the junction between the two molds in a sheet which entirely
covered one of the men standing by. The exploding gases filled the
space with flame to such an extent that the woodwork of the crane
cage was set on fire. Several other men beside the one upon whom the
molten metal fell inhaled the blazing gases, bringing on fatal attacks
of pneumonia.
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As the result of this severe accident, the engineering department
gave serious attention to possible modifications of the method of
procedure. The operation was moved to a deeper pit and such
arrangements made that in case of a similar explosion tﬁe men would
not be in range of the metal and burning gases.

Minor explosions in the slag and in the metal occur from time to
time, against which the only precaution is that of proper clothing and
the use of eye protectors. In the matter of operative procedure,
waste material must be avoided, since in masses of this kind the
conditions permitting explosions are apt to arise. Table 23 shows
that the bursting out of flames from the furnace is a somewhat
frequent cause of injury.

he man who suffers from these injuries is the one whose duties
call him to the vicinity of the furnace, but he has practically no
control over the conditions which involve him in hazard.

Among unclassified hot substances causing accidents, hot water
and steam are the most important in the open hearth. The abate-
ment of such accidents is a matter of improved structural and better
operative methods.

HANDLING OBJECTS AND TOOLS.

High frequency and low severity are characteristic of this cause
group in the open hearth as elsewhere. In 1907 the frequency rate
was 15.1 cases per 1,000,000 hours’ exposure; in 1913, 7.7 cases.
The severity rates are identical in the two years (0.1 day per
1,000 hours’ exposure). Accidents represented by such severity
rates are evidently not of very great significance. The marked
reduction in frequency, which is evidently due to decrease in minor
injuries, is probably to be attributed to the use of magnets on the
cranes for the handling of scrap. Had it been attempted to move
the enormously increased quantity of material characteristic of recent
operations by the old hand method such reduction in frequency
would have {een quite out of the question.

POWER VEHICLES.

In 1907 the frequency rate for power vehicles was 5.6 cases and
in 1913, 4.9 cases. This is a reduction of only 12 per cent. Severity
declined from 3 days to 1.7 days, a 43 per cent decrease. It 1s
interesting to compare these rates with the corresponding rates for
blast furnaces. Open hearths had much greater frequency in
both years. In severity the rates were about the same in 1907, but
very much higher for open hearths in 1913.

It is evident that the power vehicle hazard is distinctly greater in
open hearths than in blast furnaces. For this there should be some
discoverable reason. It would seem to lie in the fact that in the open
hearth the transportation of materials goes into and through areas
where other operations are being conducted. Such a condition is
always conducive to accidents. Inmost of the departments the cars

o to and from the mill without entering upon space so occupied. A
ew illustrations will emphasize the peculiar conditions of the open
hearth. On the stocking floor hot-metal cars move from time to time
along the track behind the charging cars. Into the storage space
outside the hot-metal track railway cars bring the raw material.  On
the pit side of the furnaces cars are being constantly pushed in and out
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PHYSICAL CAUSES OF ACCIDENT-—DEPARTMENTS ANALYZED. 73

for the removal of slag and other refuse, and ingot trains are moving
very frequently. In view of these intrusions of the transportation
system into areas used also for other purposes it becomes of the
highest importance that the equipment be in every way possible
rendered safe and that the men to supervise it be most carefully

selected.
UNCLASSIFIED CAUSES.

Ver{' high frequency and relatively high severity are disclosed in this
miscellaneous group. ““Falls of worker’’ show considerable severity,
but it can not be compared with that for blast furnaces. A considera~
ble portion of the severity rate for this cause group in early years was
due to the fact that adequate railed walkways for the conducting of
overhead operations were not provided.

Heat exhaustion appears rather frequently in open hearths, as
it does in plate and sheet mills. Two circumstances, however,
modified this condition in the open hearths: (1) The introduction of
water-cooled doors and door jambs on furnaces. Water circulates
constantly through the hollow doors and jambs and very materially
reduces the temperature in the vicinity. (2) The provision of an
adequate supply of cool water for drinking. Formerly in these mills
the operatives themselves secured ice and cooled the water. This
drinking of ice water was injurious not only because of the introduc-
tion of an unduly chilling fluid into the stomach but chiefly because
the use of very cold water leads to the taking of an insufficient
amount. The man thinks that he has drunk sufficiently when all
th&.‘f. has happened is that his stomach has been cHilled into insen-
sibility. OCCUPATIONS AND ACCIDENT CAUSES.

Table 24 shows the cases in which it was possible to isolate occupa-
tional groups and determine the rates for various causes in the
groups.

TaBLE 24.—ACCIDENT FREQUENCY RATES (PER 1,000,000 HOURS’ EXPOSURE) FOR
OPEN HEARTHS, 1905 TO 1914, BY OCCUPATIONS AND ACCIDENT CAUSES.

Pouring | Stocking { Unclassi-
platform floor fied Total.
workers. | workers. | workers.

Common | Pitside

Accident cause. labor. | workers

‘Working machineS......ccoemviunenennnnns 1.4 0.2 |eeiecenans 0.5 1.2 0.7
Cranes and hoists 2.3 -3 PR .2 .6 .8
Hot substances... 30.1 12.5 14.0 12.1 13.8 16.2
Falling objects. 34.7 6.7 1.7 10.0 1.2 14.1
Falls of workers............ .. .5 2 .4 .9 .4
Handling tools and objects................ 4.9 I B S .7 8.3 3.1
Uneclassified......ooeeeeeniaiiiiiiiaa... 82.0 11.0 9.4 14.5 23.0 28.8

Totale e eevenememernriieiaaeainene 155.9 315 25.1 38.4 59.0 64.1

Common labor shows here, as almost everywhere else, the highest
frequency. This might not be & matter of serious concern, since it is
undoubtedly the case that the sort of work which a common laborer
does exposes him to the chance of very numerous minor injuries.

Where it has been found possible to isolate the common laborer
and determine the severity of his injuries, a uniformly high rate is
found to prevail. The total rate for common labor in open hearths
is 155.9 cases per 1,000,000 hours’ exposure, more than twice that of
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4 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

the unclassified group, which stands next (59.0 cases). When the
different causes are observed, it will be found that in the majority
the common laborer shows the highest frequency rate. For handling
tools and objects the unclassified group has a rate of 8.3 cases, while
common labor has 4.9 cases. When it is noted that the unclassified
group includes the mechanics, who are characteristically users of
tools, the high frequency is in a measure explained. It 1s manifest
from the showing in this department and in others that the closest
study should be given to the conditions under which the common
laborer works. here the foreman has been induced by reward or
other method to give attention te the selection and training of com-
mon laborers, the number of minor injuries has been greatly de-
creased. It is also true that constant and careful scrutiny of the
working conditions has made possible modifications in that particular
which have had a very favora%le influence on severity.

ACCIDENT CAUSES IN THE BESSEMER DEPARTMENT,

The statements already made with regard to open hearths are
applicable in a rather large number of cases to the Bessemer depart-
ment. This section will therefore emphasize particularly those
features of hazard which are peculiar to the Bessemer process.

Table 25 presents the frequency and severity rates in this depart-
ment over a series of years. The amount of exposure is smaller than
it should be to insure reasonably typical results. The severity rates
are notably fluctuating and it is more than possible that this is due
to the inadequate exposure. As a rule, rates have not been calcu-
lated where the number of workers falls below 1,000. An exception
is made in the case of the Bessemer because it is still an impor-
tant and characteristic steel-making method.

TaBLE 25.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR THE BESSEMER
DEPARTMENT, 1907 TO 1914, BY YEARS AND BY ACCIDENT CAUSES.

1907 1908 1909 1910 1911 1912 1913 1914
Accident cause.
Accident frequency rates (per 1,000,000 hours’ exposure).
‘Working machines. 1.4 L3 |ea..... 0.4 1.0 )........ 0.8 0.6
Cranes and hoists. 8.3 6.5 3.6 7.7 3.5 2.5 3.4 2.9
Hot substances.... ... 38.3 11.7 12.0 10.6 7.0 14.0 9.1 6.9
Handling tools and objects........... 4.6 11.1 8.4 13.6 6.5 2.1 6.5 L7
Power vehicles........ ..oc.oooiiia.n. 4.8 4.5 2.7 5.1 2.5 3.0 2 I O,
Unclassified. ... cvovenemneieenannnnns 76.9 53.5 38.2 46.3 25.9 33.4 20.6 9.8
b X7 ;) R 134.3 88.6 64.9 83.7 46.4 55.0 41.9 21.9
Accident severity rates (per 1,000 hours’ exposure),
Working machines.......cocoemuee..- 0.03 0.03 |........ M teee.... ) 0.01 0.1
Cranes and hoistS................o... .2 9.2 0.03 0.2 0.1 0.1 .1 .5
Hotsubstances.........coovoveeiaou.. 1.1 .2 .2 6.1 .2 .2 .2 .2
Handling tools and objects........... .1 1 .1 .2 1.4 .03 .1 .3
Power vehicles..........oceeeaiinol .1 .2 .1 .1 .1 .1 2.7 |eeeao.s.
Unclassified......oevivamienaennenn-s 3.4 5.3 6.8 3.7 .3 .9 .3 4.6
T 4.9 15.0 7.2 10.3 2.1 1.3 3.4 5.9
Number of workers......coeeeveaan... 967 511 750 784 669 788 875 576

1 Less than 0.005.
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PHYSICAL CAUSES OF ACCIDENT~—DEPARTMENTS ANALYZED. 5

There are, however, other reasons for irregularity than small ex-
posure. Explosions and other unexpected events are of more likely
occurrence in this department.

Working machines as a cause of accident are negligible in this
department. The converting vessels might themselves be regarded
as machines but the accidents connected with them are nearly all
properly classified under other heads, such as hot substances, falling
objects, etc. Cranes and hoists are here as elsewhere of high im-
portance as accident causes, both in frequency and severity. In
1907 cranes show a frequency rate of 8.3 cases per 1,000,000 hours’
exposure, declining in 1913 to 3.4 cases. Severity in the same years
declined from 0.2 day per 1,000 hours’ exposure to 0.1 day.

While hot substances constantly show high frequency rates during
the period covered by Table 25, severity rates are high in only a {ew
years. The high frequency rates are related to the fact that the air
blown through the molten metal drives out from the converters a
shower of sparks. Some of these are of sufficient size to burn a hole
through ordinary clothing and injure the flesh beneath. The ver
high severity rate of 6.1 days shown in 1910 was due to a bad spill
which caused two deaths.

A case has already been cited which indicates the considerable
danger which may result from a “running stopper,’”’ that is a stopper
that will not close the opening at the bottom of the ladle perfectly.
In one Bessemer an arrangement was noted which proved quite effec-
tive in minimizing danger from this cause. Air hoists were installed
above the pouring platform. Upon the completion of the pourin
from a given ladle the stopper was hoisted out. It was then inspecte
and if 1t apSeared in good condition it was allowed to remain sus-
pended until the completion of another pouring and then restored
to use. If the inspection indicated anything unsatisfactory in its
condition, it was lowered to the platform and replaced by another
stopper, kept constantly in reserve. This procedure has two ad-
vantages: (1) Inspection is made after each heat, and (2) the stopper,
having an opportunity to cool between heats, will last longer than
one in continuous service.

Formerly, just prior to tilting the converter to discharge the heat,
serap and pig iron were thrown into the converter from a platform
placed near its mouth. The men whose duty it was to perform this
operation were exposed to very severe heat. Also, the masses of
metal which they threw were apt to glance off and fall to the floor
below instead of into the vessel.  The number of injuries arising from
this source was considerable and the severity high. In the bestrecent
construction “the scrappers’” work behind a water-cooled screen,
the material being delivered into a chute, which practically prevents
it falling to the floor below.

ACCIDENT CAUSES IN FOUNDRIES.

In Table 26 it has been possible to include only those foundries
associated with large steelp plants. The exposure in the plants
covered by this table is, as was noted in the case of the Bessemer
department, very small. The rates as shown are, however, of con-
siderable interest to foundry men.
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76 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

T4BLE 26.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR FOUNDRIES, 1907 TO
1914, BY YEARS, AND BY ACCIDENT CAUSES.

1907 1908 1909 1910 1911 1912 1913 1914
Accident cause.
Accident frequency rates (per 1,000,000 hours’ exposure).
Working machines...........covnnen. 2.5 0.9 2.0 2.2 0.8 2.5 1.0 1.7
Cranes and hoists.......... .| 11.4 8.3 20.0 10.9 7.6 15.8 6.4 9.1
Hotsubstances............ . 14.2 2.1 13.2 11.8 9.1 7.9 8.1 3.4
Handling tools and objects 4174 18.5 18.3 16.5 20.6 20.5 14.5 12.0
Power vehicles........... Y O S .7 I 2 PR .3 .7 .6
Unclassified 18.1 16.2 23.7 32.0 23.6 27.5 19.2 16.0
101 7: ) SO 63.6 56.0 77.9 73.7 61.7 74.5 49.8 42.8
Accident severity rates (per 1,000 hours’ exposure).
‘Working machines.. - 0.1 m 0.03 1) 0.1 0.2 Q)] )
Cranes and hoists. .. . .2 0.2 .5 0.3 3.1 5.5 0.1 0.1
Hot substances. . ... . .2 .2 .3 .2 .1 .4 2.7 .1
Handling tools and objects. .- .2 .1 .1 .1 .6 .2 .4 .7
Power vehicles. ... ...cceeuenn.. R P D (O] [ I PP 1) (O] .03
Unclassified. ... ...cooeinea.. - 3.1 .2 .6 .6 3.3 .3 .3 .1
Total..coovemmanniiannn... 3.8 W7 1.5 1.2 7.2 6.6 3.5 1.0
Number of workers. ..o eeuennanann.. 939 719 986 | 1,189 875 | 1,056 990 585

1 Less than 0.005.
ROLLING MILLS.

HEAVY ROLLING MILLS.

Table 27 shows accident frequency and severity in heavy rolling
mills for the period 1907 to 1914. On inspection of this table an
interesting fact appears with regard to the unclassified group. This
group includes those general cases which rolling mills sﬁre in com-
mon with other departments. It contributes more than one-half
of the total frequency rate in each of the years. But in the case of
severity thissituationisreversed. The unclassified group contributes
the minor part of the total rate in most of the years and in the later
years very much smaller portions.

The tendency to decline in rates shown in the departments already
considered is repeated in these rolling mills. Each of the cause groups
shows a frequency rate noticeably lower in 1913 than in 1907.  This
is also true of the severity rates, with the exception of the ‘‘hot sub-
stances’’ group, for which the rate was only 0.6 day per 1,000 hours’
exposure in 1907, 1.4 days in 1913, and 0.8 day in 1914. This would
appear to indicate that hot substances were becoming a more serious
hazard in mills of this type. It would be unsafe, however, to draw
this conclusion from a single group of mills, even with an exposure
as extensive as that here shown.

Apparently the rolls themselves gave rise to the most numerous
accidents during this period and the number occurring has not changed
materially in recent years. Objects flying from machines have
declined in the frequency with which they caused injury. Accessory
machines used about the mills give rise to a greater number of acci-
dents than do the characteristic machines, but the severity is mate-
rially greater in the case of machines found only in the rolling mills.
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PHYSICAL CAUSES OF ACCIDENT—DEPARTMENTS ANALYZED. i

TaBLE 27.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR HEAVY ROLLING
MILLS, 1907 TO 1914, BY YEARS AND ACCIDENT CAUSES.

Accident cause. 1907 1908 1909 1910 1911 1912 1913 1914
Accident frequency rates (per 1,000,000 hours’ exposure).
‘Working machines................... 5.6 4.0 4.4 3.3 3.8 2.7 3.1 2.4
Charging cranes P N PR PR P N O [ N R .1
Roll tables. .1 .3
Rolls...... 7.0 . 8
Transfer tabl .1 2 .1
Hot beds... .3 .2 2 .1
Shears..... .4 .1 2 .1 2 I 2 . .1
Straighteners... .3 .5 .6 .3 .2 .1 S A SO
Obljlects flying... 3.0 1.3 L1 .5 .6 .1 .3 .3
Other machines 2.7 W7 L7 1.8 L7 1.2 1.7 .7
Cranes and hoists. .. aee- 6.3 4.8 7.2 4.2 4.4 2.9 2.0 2.1
Hot substances..veceeeneeonen. 5.3 4.0 4.8 4.0 3.4 3.7 3.0 2.5
MetalinrollS...oeeavennn.. .3 .3 olfeecenen.. [0 .1 .2
LeaKe.ovvuonn. .5 .5 W7 .1 .3 W4 .5 .5
Other hot subst. 4.5 3.1 4,0 3.8 2.9 3.4 2.4 L8
Power vehicles. L7 .7 2.0 1.3 1.0 L1 L1 .3
Unclassified... 46.4 43.5 43.2 34.3 33.9 33.9 24,0 11.8
b 1007 2: 1 DN 65.3 57.0 61.6 47.1 46.5 4.3 33.2 19.1
Accident severity rates (per 1,000 hours’ exposure.)
Working machines.......cccevevnnen. 0.7 0.9 0.7 1.2 0.4 0.1 0.1 0.1
Cranesand hoists..................o. 17 .1 L3 .2 .8 1 .03 .1
Hot SubStances. covvaveeeeueennennnns .6 .1 L2 .5 .6 .6 1.4 .8
Power vehicles......o.oooioiiioL .03 .03 .1 .1 03 .1 .03 .1
Unclassified...cveemeiimneeiionnacnn. 2.2 1.7 L8 2.2 2.1 7 4 4
Total. o ceimneoivinniciniinnnannn, 5.2 2.8 5.1 4.3 3.9 L6 2.0 L5
Number of workers......ocoeeeieae. . 4,566 | 8,185 ’ 4,210 | 4,886 | 4,195 | 5,226 | 5,881 | 8,604

Injuries due to hot substances happen almost exclusively either
in the transporting of the material to the rolls or in its removal from
them. This is naturally the case since the operations during the
rolling are almost exclusively mechanical, while in the transporting
of material it is frequently necessary for the men to supplement the
machines by the use of hooks and bars.

The injuries occurring in this department are distributed with such
a degree of uniformity that there is indicated no special line of effort
which may be expected to yield conspicuous results. The continu-
ous application of engineering improvement and modification in
n%et}éods of procedure would appear to be the most promising form
of effort.

The transfer tables of heavy rolling mills have on the shaft of each
roll a large gear. As formerly constructed these gears were entirely
uncovered, and from time to time a workman would lose a foot by
stepping into them. In practically all cases guards have been
attached to the various forms of transfer tables, completely covering
these gears (Plate 15). Since attention has been drawn to their
hazard the redesigning of such equipment has included the provision
of inclosures for these gears. A very common form now used is a
trough-shaped reservoir placed below the gear and partly filled with
oil, so that the revolving gears are partially immersed in the oil. The
cast-iron cover, which is readily removed in case of needed repairs,
forms with the trough mentioned above a complete inclosure. The
arrangement by which the gears revolve while partially immersed in
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78 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

oil renders attention to them, in the matter of lubrication, necessary
only at considerable intervals. It is probable that the arrangement
described very materially prolongs the life of the gears, and this,
together with the lessened hazard, much more than offsets the extra
time involved in the removal of the covers for inspection of which
some mill men have complained.

In the older mills no provision was made for getting from one side
of the transfer tables to the other, except by climbing and walking
upon them. The open gears before mentioned and the moving mate-
rial constituted a grave hazard for the experienced man, and the
inexperienced man who attempted such a transit took his life in his
hands. In all recent construction and in a majority of the older
mills railed bridges over the transfer tables have been installed at
reasonable intervals so that the men may pass from side to side with-
out danger. Such opportunities might still be increased in some
mills with advantage.

TUBE MILLS.

The rates from 1907 to 1914 for tube mills are shown in Table 28,
and furnish a very striking illustration of the fundamental weakness of
the frequency rate as a measure of hazard. A tube mill is organized
for the carrying on of two processes: (1) The rolling of the tubes,
which involves, of course, the various hazards of hot and movin
material; (2) the finishing of the tubes, in which the apparatus use
is essentlally that of the machine shop. By means of it the tubes
are cut into appropriate lengths, the ends are threaded, and other
operations of a siumilar character are performed. Consequently
minor aceidents, such as cuts on the hands due to roughness on the
threaded edges of the pipes, are of rather frequent occurrence.

TABLE 28,~—ACCIDENT FREQUENCY AND SEVERITY RATES FOR TUBE MILLS, 1907 TO
1914, BY YEARS AND ACCIDENT CAUSES.

. : 1907- | 1911~
Accident cause. 1907 1908 1909 1910 1911 1912 1913 1914 1910 1914
Accident frequency rates (per 1,000,000 hours’ exposure).
‘Working machines..[ 16.3 14.9 14.5 10.6 1.8 6.6 3.5 Q.9 14,1 5.8
Cranes and hoists. . . 7.6 4.1 5.3 4.5 3.1 2.3 1.7 11 5.5 2.1
Hot substances...... 14.1 6.9 7.7 6.0 8.2 5.0 1.6 1.7 8.9 4.1
'ower vehieles. ... 2.t [ 3 PRI FUURN SO PRI AP [ I PO
Unclassified......... 58.1 46, 4 56.8 55.1 52.2 42.2 19.4 11. 4 54.6 31.7
Total........... 96.3 72.3 84,7 76.2 75.3 56,1 26.2 15.1 83.2 43.7
Accident severity rates (per 1.00!) hours’ exposure).

‘Working machines. . 0.5 0.3 2.3 1.7 0.2 1.6 01 0.1 1.2 0.5
Cranes and hoists.. . .1 .1 .1 .1 .03 1.2 03 2 .1 .4
Hat substances...... 2 .1 .1 .1 .1 .03 ) S DRSO .1 .1
Power vehicles......{eoooeoo|eecannsn T g o D,
Unclassified......... 2.1 .8 L1 .9 .8 .5 2.9 .7 1.3 1.3
Total........... 29 13| 3.6 28| 11| 33| 31 Lo| 27 2.3
Number of workers...| 2,007 | 1,451 1,813 1,792 ‘ 1,717 | 2,131 2,101 1,627 | 7,063 7,476
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PLATE 15.—TRANSFER TABLES OF HEAVY ROLLING MILLS, SHOWING GUARD
COVERING GEARS.

PLATE 16.—BUTT-WELD TUBE MILL.
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PHYSICAL CAUSES OF ACCIDENT-—DEPARTMENTS ANALYZED. 9

On examining Table 28 it appears that the earlier years show
notably high frequency rates but rather low severity rates. From
time to time over the period covered the frequency rates decline and
toward the last of the period with extraordinary rapidity. At the same
time severity rates fluctuate with scarcely detectable decline, The
only way in which the decline can be demonstrated is by dividing
the interval into two 4-year periods. The result of this arrangement
is shown in the last two columns of the table. In accidents from
the operations of working machines there was a decline of 59 per cent
(from 14.1 to 5.8 cases per 1,000,000 hours’ exposure) from the
earlier to the later period. At the same time severity rates declined
58 per cent (from 1.2 days to 0.5 day per 1,000 hours’ exposure).
In ‘516 case of working machines the trend of frequency and severity
rates was very similar. Contrasted with this was the experience
with regard to cranes and hoists. Frequency rates declined 62 per
cent (from 5.5 cases to 2.1 cases) but severity rates rose from 0.1
to 0.4 day. This rise in severity rates is clearly due to some excep-
tional circumstances and might not be regarded as significant were
it not for the fact that repeatedly in other connections a rise in
severity rates and a falling in frequency rates have been found to
be the case in tube mills.

Accidents from hot substances declined in frequency 54 per cent
(from 8.9 cases to 4.1 cases), while in severity there was no apparent
change. The accident frequency rates for the unclassified group of
causes declined 42 per cent (from 54.6 to 31.7 cases), but the severity
rates remained unchanged (1.3 days).

On examining the table a decline of 47 per cent in frequency rates
appears (from 83.2 to 43.7 cases). The total severity rates show a
decline of 15 per cent (from 2.7 to 2.3 days).

This group, divided into two 4-year periods, shows very clearly
that influences were at work which brought about a definite decline
in the second period as compared with the first. It is quite clear
that judgments founded upon the frequency rate alone would give
a distinctly wrong impression regarding the nature and extent of the
mmprovements.

detailed analysis of the accidents from working machines shows
that in tube mills the pipe threading and pipe cutting machines
contribute the largest number of injuries. These are, however, less
severe than those arising from other causes, such, for example, as the
“pushers’” by which the material is forced 1nto the furnaces.

CAUSES AND OCCUPATIONS.

In the case of a few important occupational groups in these mills
it has been possible to compute rates for the different cause groups.
These are shown in the following table. Severity rates could not be
conveniently computed. Common labor occupies in these miils the
same Eosition in respect to frequency of accident that has been
noted before. The frequency rate is 220.5 cases per 1,000,000 hours’
exgosure as against 57.6 cases for miscellaneous occupations. This
unfortunate preeminence of the common laborer is found in each of
the cause groups in which it was possible to isolate such workers.
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80 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

TABLE 29,—ACCIDENT FREQUENCY RATES (PER 1,000,000 HOURS’ EXPOSURE) FOR

TUBE MILLS, 1907 TO 1914, BY ACCIDENT CAUSES AND OCCUPATIONS.
s Miscellane-
: Common | Furnace | Finishing
Accident cause. ous oceu- Total.
labor. crews, Ccrews. pations,
‘Working machines. .. .....cceeeneeaiieena. 20.6 4.2 58 11,9 9.8
Cranes and hoists.................. 18.7 .5 .1 2.6 3.8
Hot substances. .. 23.2 4.6 .2 5.6 6. 4
Power vehicles. [ R P .1 .1
Unclassified. . .. 157.8 10.8 14.1 37.4 429
B o 7 DO, 220.5 20.1 20.2 57.6 . 63.0

As already noted, the crews which operate the finishing machines
show a rather high frequency rate.

PLATE AND SKELP MILLS.

Table 30 gives the distribution of accidents in plate mills, by years
and accident cause groups. Comparing the years 1907 and 1913,
“working machines”” show a decline in frequency of 53 per cent
(from 7.0 to 3.3 cases per 1,000,000 hours’ exposure) and in severity
of 45 per cent (from 2.2 to 1.2 days per 1,000 hours’ exposure). Be-
tween the same years “cranes and hoists” declined 56 per cent in
fréquency (from 13.6 to 6.0 cases) but the severity rose (from 0.3
day to 1.5 days). Should, however, the rates for cranes and hoists
for the two 4-year periods be compared, the later four years will
show a lessened severity. ‘‘Hot substances’” have a lower rate in
1913 than in 1907—in frequency 21 per cent (from 7.0 to 5.5 cases);
in severity 98 per cent (from 4.2 days to 0.1 day). ‘Power vehicles”
do not change materially in frequency but t{le severity in 1913 is
higher than in 1907. The rates by four-year periods are about the
same.

TABLE 30.—ACCIDEN”II“ FREQUENCY AND SEVERITY RATES FOR PLATE MILLS, 1907

0 1914, BY YEARS AND ACCIDENT CAUSES

Accident cause. 1907 1908 1909 1910 1911 1912 1913 1914
Accident frequency rates (per 1,000,000 hours’ exposure).

Working machines.....cocoveveeen... 7.0 5.7 4.3 4.8 4.9 3.8 3.3 15
Cranes and hoists......... 13.6 6.5 10.8 1.6 7.1 9.7 6.0 3.4
Hot substances.... 7.0 5.7 6.7 5.3 4.7 5.6 5.5 2.4
Power vehicles. . L7 .6 2.2 1.8 1.2 1.8 L7 .2
Unclassified. . 84.4 58.2 60.2 49.1 45.0 55.2 43.4 22.0

Total. o eeevinaniiniaaaias 113.7 76.7 84,2 72.6 62.9 76.0 59.9 20.5

Accident severity rates (per 1,000 hours’ exposure)

Working machines 2.2 0.1 0.1 0.3 0.1 0.5 0.2 0.03
Cranes and hoists. ........ .3 .2 1.8 3.1 .1 .3 1.5 .1
Hot substances......... 4.2 .1 .1 .1 .1 .1 .1 .03
Power vehicles.......... .- B N PRPPION .03 L5 .03 . 03 Ldi........
Unclassified. ..cvueiverninieneaan... 2.3 2.9 .7 1.1 1.1 2.2 .6 .5

Total. ceeeeeneariiiaiiiienenanas 9.1 3.3 2.7 6.1 1.4 3.1 3.8 a
Number of WOrkers.....eeevnnennnnn.. 1,915 | 1,178 1,684 | 1,872} 1,645| 1,992] 2,018 1,379
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There are two fields in which the study of plate-mill conditions
ought to bring about a still further improved condition, The first
is the operation of shears. The present method of handling plates
through the shears gives rise to a considerable number of accidents.
The method consists essentially in rolling the plate over a group of
reversed casters. These adjust themselves to movement of the plate
in any direction and quite frequently the plate overbalances and
falls from the casters. It would seem to be possible for mechanical
ingenuitir to devise some method of handling the plates which would
more or less obviate this danger.

The second field in which improvement has taken place and ought
undoubtedly to go still further is that of protection of the operatives
against heat exhaustion. Because of the extended area over which
radiation may take place in the case of plates the temperature con-
ditions for some of tﬁe men are exceedingly trying. Two safeguards
should be applied to a greater extent than has yet been done. The
more important of these is the supplying of water of good quality
and of a temperature low enough to be palatable, though not so low
as to discourage adequate consumption. The second safeguard is
such an arrangement of the rolls and the roll tables that men will be
exposed as little as possible to direct radiation and that in some cases
8 graft of air be provided by which the heat given off by the plates
will be carried away from the operatives. In one mill in the course
of repairs a complete rearrangement was accomplished, so that the
operative was shifted to a position much less exposed than his orig-
inal position and an electric blower was so placed that the resulting
movement of the air passed the man, thence over the plate, and finally
out through an opening in the side of the mill. Under the original
conditions a number of men had suffered collapse from the effects
of the heat. Since the rearrangement no cases of this kind have
occurred.

SHEET MILLS.

Table 81 presents, by causes, for sheet mills the accident rates for
frequency and severity. The frequency and severity rates shown in
this table are both relatively low. As a whole they present a dis-
tinctly unusual condition. %‘requency rates on the whole tend to
rise while the severity rates are declining. In Table 32 the working
force is divided into the hot mill crews and the other employees.
The frequency rate of the hot mill crews is almost the same as that of
the other employees. The hot mill men suffer their injuries very
largely in connection with the characteristic machines of the mills.
The miscellaneous employees are the sufferers from the group of
causes called the unclassified. If, therefore, the experience for
working machines and unclassified causes be compared, a fair idea
will be given of the trend of events in the two occupational groups.

The rates given in Table 31 show that the accident rates %or work-
ing machines (ogerated by the hot mill crew) exhibit during the
entire period a_ definite tendency to rise, both in frequency and in
severity. At the same time the rates for the unclassified group of
causes, contributed for the most part by the miscellaneous employees,
go down just as definitely.
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82 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 31,—~ACCIDENT FREQUENCY AND SEVERITY RATES FOR SHEET MILLS, 1907
TO 1914, BY YEARS AND ACCIDENT CAUSES,

Accident cause. 1907 1 1908 1909 1910 1911 1912 1913 1914
‘Kccident frequency rates (per 1,000,000 hours’ exposure).
‘Working machines..........c.c...... 4.4 5.3 3.7 4.3 6.4 5.9 6.6 6.1
Hotsubstances. .. .................... 7.2 3.8 2.8 1.6 L5 2.5 1.0 2.1
Handling tools and objects........... 12.1 12.6 10.6 4.7 10.3 18.6 12.5 6.1
Heat .6 .9 1.2 .3 .2 .5
Unclassified 6.5 6 6.9 21.8 17.8 16.1
Total 4.2 .1 6.3 49.1 38.1 30.9
hours’ exposure).

‘Working machines....c.ooeeveveennnn . . L2 0.4 1.1 0.5 0.8 0.2
Hot substances............. . . .03 .03 .03 .03 .03 .03

Handling tools and objects .2 .2 .1 .2 .2 .1

[0} .9 1.0 m ) *

3.8 3.2 2.6 1.3 1.4 1.6

5.2 4.7 4.8 2.0 2.4 1.9
2,866 | 2,637 2,433 2,925 | 2,691 1,905

1 Less than 0.005.

Here is an important group of workers having somewhat definitely
rising rates during a period of general accident reduction. How has
this come about? It is probably a case, like many others, where the
responsible persons were entirely ignorant of the facts and so took no
active steps to prevent this rise in rates. Two things might contrib-
ute to this ignorance: 1. The rates in sheet mills are below those in
other lines of manufacture and so a rise might not seem seriously
significant; 2. The rates for hot-mill crews may never have been con-
sidered separately. They were very likely combined with those of
other workers whose rate was declining sufficiently to pull down the
rate for the combined group.

Another possible element in this somewhat increasing rate during
this period must not be overlooked. In these mills there has been a
very great increase in tonnage since 1909. Since accident rates,
both frequency and severity, are rising equally with this growing
tonnage, the conclusion is almost unavoidable that this increasing
product has been secured at some cost of greater hazard. It has
not been thought necessary to examine the cause rates in the five-
year period 1915 to 1919 with the same detail which was applied to the

eriod ending in 1914. The situation in this second five-year period
Eas been considered sufficiently to determine that in the course of it
this tendency to accident among the hot-mill men has been checked,
if not reversed. Table 32 shows frequency rates by accident causes
for the hot-mill crew and other occupations of the sheet mills.
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TABLE 32,—ACCIDENT FREQUENCY RATES (PER 1,000,000 HOURS’ EXPOSURE) FOR
SHEET MILLS, 1907 TO 1914, BY OCCUPATIONS AND ACCIDENT CAUSES.

. Hot-mijll [Other occu-
Accident cause. CTEWS. pations. Total.
Working machines. .. ..o iiiii it 7.7 4.5 5.9
Hot substances......... 1.1 2.2 1.7
Handling tools and objeets.. 13.0 9.4 10.9
5 N PP 1.1 .1 .5
Unelassifled . « . oo oo i e 12.4 20.2 17.0
1 35.3 36. 4 36.0
Number of WOrkers .o ..ot 5,200 7,391 12,591

MECHANICAL, FABRICATING, AND YARD DEPARTMENTS.
MECHANICAL DEPARTMENT.

The accident rates for the mechanical department, by principal
causes and by years, are as follows:

TABLE 33.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR THE MECHANICAL
DEPARTMENT, 1907 TO 1914, BY YEARS AND ACCIDENT CAUSES.

Accident cause. 1 1907 1908 1909 1910 1911 1912 1913 1914
! .
Accidont frequency rates (per 1,000,000 hours’ exposure).

‘Working machines................... 14.8 13.6 14.7 10.0 10.3 8.5 3.4 4.4
Cranes and hoists. . 5.6 4.5 3.4 4.0 2.2 1.6 1.7 2.0
Hot substances.... 4.5 2.5 2.7 3.3 5.0 3.0 3.5 1.8
Unclassified.....oocoviivenvaiennnnne. 59.1 70.8 56.1 44.2 31.1 27.9 28.2 27.3

Total..ccoiniiiiiiniennnncennnnns 84.0 91.4 76.9 61.5 48.6 41.0 36.8 35.5

Accident severity rates (per 1,000 hours’ exposure).

‘Working machines. 0.3 0.4 0.3 0.2 0.2 0.3 0.1 0.3
Cranes and hoists. . .1 1.6 .03 .1 .1 .1 .1 .4
Hot substances. . .1 1.6 1.2 .03 .03 .03 1.0 .03
Unclassified 2.9 3.8 3.7 4.0 2.7 1.6 2.5 .6

TOtAL. e 3.4 | 4] 5.2 4.3 3.0 2.0 3.7 1.3
Nummber Of Workers. ... ...o.ooueun... 2,642 | 1,619 1,977 | 2,203 | 2,144 | 2,362 | 2,569 1 1,652

The working machine is particularly characteristic of the mechan-
ical department, and it is therefore desirable to determine as care-
fully as possible what the relations of this group of causes may be to
other groups. Inspection of the figures for the various years covered
by the table indicates that both frequency and severity rates for
working machines are much below the rates of the unclassified grou
of causes which the mechanical department has in common wit
other departments. The working machine, therefore, is not the
most important hazard, even in the department where it is particu-
larly characteristic. The first task of the safety movement was to
safeguard machines. When it became evident that this was less
important than had been supposed to be the case, it led to some general
lessening of activity in the direction of mechanical improvement.
The protection of the worker against working-machine dangers is on
the whole a rather simple matter, but the application of engineerin
skill to the broader problems of accident prevention is now and wil
be for a long time of the highest importance,.
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84 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

The general tendency indicated by the table is one of quite marked
decline. For example, from 14.8 cases per 1,000,000 hours’ ex-
posure in 1907 there is a drop to 3.4 cases in 1913 for working ma-
chines. In severity the change is from 0.3 day per 1,000 hours’
exposure to 0.1 day. The total frequency rate changes from 84.0
cases in 1907 to 36.8 cases in 1913. "Here again, however, we have
an illustration of the fact that frequency may decline without a cor-
responding decline in severity. Severity rates for the two years are
3.4 days in 1907 and 3.7 days in 1913.

FABRICATING SHOPS.

Table 34 presents the principal accident cause groups in fabri-
cating shops over the period 1907 to 1914.

TABLE 34.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR THE FABRICATING
SHOPS, 1907 TO 1914, BY YEARS AND ACCIDENT CAUSES.

A ccident cause. 1907 1908 1909 1910 1911 1912 1913 1914
Accident frequency rates (per 1,000,000 hours’ exposure).
‘Working machines......_............ 14.1 9.7 16.0 16. 1 19. 4 24.9 21.2 12.3
Cranes and hoists... ... ............. 12.0 10.0 16.6 13.2 9.8 12.4 14.5 9.7
Hot substances.......ccccvveeveenn.. 1.9 1.1 .8 2.1 2.6 3.5 2.9 1.1
Unclassified..o.eeneeeieeinneennnn. 66.3 1 40.6 56.5 63.3 67.3 64. 0 58.0 43.0
BN e3 7§ DO 94.3 61.4 89.9 94.7 99.1 | 104.8 96. 6 66. 1
Accident severity rates (per 1,000 hours’ exposure).
‘Working machines e 0.4 1.6 0.2 0.4 0.2 0.3 0.3 0.1
Cranes and hoists. .. 3 1.6 3.0 .2 1.7
Hot substances..... .1 L0310 ......
Unclassified 2.4 1.8 .8
L3 7 Y D 9.8 4.8 7.9 7.4 2.5 5.8 | 2.3 2.6
Number of workers. .......coeeeeen... 2,081 | 1,768 1,770 | 2,004 | 2,203 | 2,074 l 2,045 | 1,769

As in the mechanical department, the working machine in fabri-
cating is a characteristic hazard but of slightly more importance, as a
comparison of the severity rates with those of the mechanical
department will show.

An inspection of the operations in the fabricating shop will indi-
cate that the danger of the reamers, riveters, and punchers is greater
than that of lathe hands and planers. Much more serious than these
dangers are those arising in connection with the use of cranes in fab-
vication. So frequent is the use of the crane and so closely related
to the processes of the shop that it might almost be regarded as one of
the working machines.

No important decline is indicated in the rates for working machines
but cranes and hoists and the unclassified group show a material
reduction.

ACCIDENT REDUCTION METHODS IN MECHANICAL DEPARTMENT AND
FABRICATING SHOPS.

Among working machines, as has already been noted,

reamers, and riveters contribute a considerable portion o
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Heretofore the reamer has usually.been actuated by compressed air.
Since the pressure within the machine and in the hose conveying the
air to the machine tends not only to produce the desired rotation
but also to throw the entire machine about, it is quite frequently
found that in the records the cause of accident is reported as ‘“lost
control of the machine.” In the case of a reamer actuated electrically
there is no such tendency, and the operation of the machine is much
steadier and better subject to control. Substitution of electrically
actuated reamers has been a material factor in reducing accidents in
connection with the operation of such machines.

Considerable ingenuity and effort have been expended in an effort
to devise a drill chuck which will hold the drill firmly when pressed
against the work and allow it to turn backward freely when not
actually operating. Since accidents with drills are of considerable
frequency, and with drills of any considerable size may be serious, the
production of a chuck which will be safer in operation is much to be
desired. Up to the present time none of those devised have proved
entirely satisfactory. The avoidance of drill accidents, therefore,
remains for the most, part a matter of personal care. Thelathes that
are now being put out by machine tool builders have their moving
parts so comp etelﬁ inclosed and the necessary changes of spee
accomplished in such a way that they present few danger points ex-
cept those which the care of the operator must avoid.

Great progress has recently been made in the safeguarding of
grinding wheels. The manufacturers of grinding machines now fur-
nish them with hoods completely inclosing the wheel except at the
grinding point, and these effectually retain fragments in case the
wheel bursts. Small flying particles from the wheel may be guarded
against by means of eye protectors worn by the men or by plate glass
screens fastened to the machines. Thislatter device has one point of
objection which is not always seriously enough considered. In the
operation of the wheel there is always some degree of vibration.
Tfl)le effort to see an object through a glass thus vibrating is apt to
strain the eyes seriously.

The metafplaneris tl};e only working machine which has a record of
any considerable number of fatal injuries. All of those recorded in
connection with the cases investigated arose from failure to close the
openings in the bed of the machine on which the working platform
moves back and forth. An illustrative case will show the nature of
the hazard. A workman used a space within the planer bed to store
some of his tools. Reaching over to secure one of them he slipped
and fell into the opening. He was caught and crushed by the moving
platform. Itis so simple a matter (see Plate 19, ““ A”’) to close these
openings that the continued existence of this hazard should be
regarded as criminal.

attern shops and carpenter shops associated with the mechanical
or fabricating departments are apt to retain saws and wood planers
not provided with the safeguards which the best modern practice
requires.

The high rates in connection with cranes and hoists which are
shown particularly in the fabricating shop indicate that some cranes
of primitive pattern are still in use and that the use of chains of inade-
quate strength, or which have been overstrained, still continues.
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88 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

YARD DEPARTMENT.

Table 35 contains the frequency and severity rates for the prin-
cipal cause groups in the yard department.

TABLE 35.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR THE YARD DEPART-
MENT, 1907 TO 1914, BY YEARS AND ACCIDENT CAUSES,

Accident cause. 1907 1908 1909 1910 1911 1912 1913 1914

Accident frequency rates (per 1,000,000 hours’ exposure).
Cranes and hoists.....coveueeiennnnnn. 6.5 6.6 5.8 2.3 1.8 4.0 2.2 1.7
Hot substances.......... 2.8 4.8 4.1 1.9 1.7 i4 Li .5
Falling objects .. 10.6 15.5 9.2 10.9 8.3 6.7 3.6 2.7
Power vohicles. 13.8 5.2 7.8 12.3 7.9 11.2 6.7 7.4
Unclassified.... 33.1 31.8 35.3 20.9 16.6 17.2 10.4 11.8
7 | Y 66.8 63.9 62.2 48.3 36.3 40.5 24.0 241

- Accident severity rates (per 1,000 hours’ exposure),

Cranes and hoists . 0.4 0.1 1.4 0.1 J0.1 1.4 0.03 0.2

Hot substances. .9 .2 .1 .1 .03 .03 (1) @
Falling objects. 1.0 1.7 .1 .1 .2 .3 .1 .1
Power vehicles. 2.3 .4 6.4 2.6 2.7 1.1 .4 .3
Unclassified 2.2 .6 .5 .6 .4 .2 .2 1.9
7 D 6.8 3.0 8.5 3.5 3.4 3.0 .7 2.5
Number of workers....cveueeveeneanna. 2,618 1,522 1,891 2,134 1,810 2,078 2,751 1,356

1 Less than 0.065.

None of the accident cause groups appear to be of sufficient impor-
tance to call for special comment except the ‘“ power vehicles” group.
Comparing 1907 with 1913 the frequency rates for power vehicles
declined 51 per cent (from 13.8 cases per 1,000,000 hours’ exposure
to 6.7 cases) and severity declined 83 per cent (from 2.3 days per
1,000 hours’ exposure to 0.4 day). Probably a fairer comparison
is that of two four-year periods, 1907 to 1910 and 1911 to 1914.
This shows frequency declining 15 per cent and severity 61 per cent.
This indication of improving condition is especially important in
view of the fact that greater difficulties undoubtedly surround the
control of hazard in connection with transportation than of dangers
found in other departments. In the report published by the bureau
in 1913 no appreciable improvement in the hazard of yard depart-
ments could be established.

The coupling and uncoupling of cars were during the period covered
by the table the cause of the largest number of injuries. The fatah-
ties in connection with yard operation were very largely due to being
run over by moving cars and engines. In this particular group were
five such cases and but one fatality in connection with coupling.
Four of the five fatalities due to being run over occurred in the
earlier of the two four-year periods. The smaller number in the
second period unquestionably reflects a general improvement in yard
conditions.

SAFETY METHODS IN YARDS.

In all transportation, whether industrial or public, the grade
crossing presents the most serious problem. It is worthy of notice
that the elimination of this hazard is almost entirely a matter of cost.
There is no engineering reason why railway tracks in plant yards
should not uni%ormly be elevated or depressed. The reason that
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PLATE 19.— METAL PLANER, WITH

SAFETY PLATES CLOSING OPENING

IN BED.
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PLATE 20.— YARD TRESTLE, WITH VARIOUS SAFETY DEVICES.
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PLATE 21.— SAFETY GATE FOR CROSSING OF TRACKS,
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PLATE 22.—SKIDDER WITH TARGET ATTACHMENT.

PLATE 23.—TARGET SIGNAL, USABLE DAY OR NIGHT.
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this is not done is that to do so is a costly procedure. There ought
to be a very great extension of arrangements which abolish the grade
crossing in industrial plants (see Plate 20).

Wherever it is impossible to avoid relation between tracks on
which vehicles move and crossings there should be a very careful
installation of convenient and permanent signal apparatus. A
permanently located signal Whicﬁ needs only to be adjusted is
%reatly preterable to one which must be sought out and put in place

y the members of the train crew (see Plate 21). For signaling,
which is necessarily temporary, some standard form should be
adopted and arrangements made to fasten the signal in Fosition
SO dt at it can not be displaced except by intention (see Plates 22
and 23).

A safety man who has succeeded in eliminating as completely as
possible the grade crossings from his plant, has established proper
clearances, and adopted some permanent signaling scheme is ready
to turn his attention to automatic couplers and the proper equip-
ment of gantry and locomotive cranes which are used in the yards.

The locomotive crane has received considerable attention from
the safety men, and the makers now produce this apparatus with
many safety ideas incorporated.

Since this machine travels under its own power, some of the
dangers incident to ordinary engines are connected with it. For
example, if it is not provided with an automatic coupler it may serve
to increase the roll of accidents due to coupling and uncoupling.
If it is not provided with appropriate grab irons the craneman may
suffer a serious fall in attempting to get into his cab. It is chiefly,
however, in connection with its use as a hoisting apparatus that
danger arises. Probably more accidents have arisen in this connec-
tion from attempting to lift weights beyond the capacity of the
machine, causing it to tip over, than from any other. At some point
there should be an inscription stating the capacity of the crane.
An indicator should be provided from which the craneman may
determine safe loads in varying positions of the boom. In some
plants a device has been applied which rings an alarm as soon as
tipping begins. Safeguards equivalent to these are now embodied
in the cranes produced by the best makers.

Among minor improvements in yard conditions is the replacing of
a type of switch in which the lever operated at right angles to the
tracﬁ by one in which the lever moves parallel to the track. It
will be seen that in the cld type a man exerting himself in moving
the lever might fall forward directly upon the track. Several fatali-
ties from this cause are on record. Under the old conditions the
V-shaped openings in the track frogs had no protection and the
foot of the switchman could be so caught therein that he would be
unable to get out of the way of an approaching train. These open-
ings gave now been very generally blocked up with-metal or wooden
guards.

It may be noted that in the interior transportation of a plant
there is precisely the same hazard which arises on the public highway.
Whenever the danger is related to a moving object, which may
approach at varying degrees of speed, the danger becomes serious
and can be met only as suggested above, by removing the path of the
moving object from that of the moving man or by the utmost care
and skill on the part of the operator and of the man endangered.
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CHAPTER V.—PHYSICAL CAUSES OF ACCIDENT—RELATION
?I?‘R(Y:AUSES TO LOCATION, NATURE, AND RESULTS OF IN-

In the preceding chapters the effort has been to establish the rela-
tion of the causes to the departments and of the departments to each
other, and to point out some of the possible methods of combating
hazard in the departments.

Attention will now be directed to the worker himself and what
effect the various causes may have upon him. There are three sub-
jects which may be treated in this review of the man’s relation to the
causes, namely, the location of the injury, the nature of the injury,
and the final results of the injury.

These subjects do not have as direct a bearing on accident preven-
tion as do those already presented, but it is not possible to consider
the relations of the causes from any viewpoint without at times
getting very definite hints regarding preventive measures. For ex-
ample, when in blast furnaces a high rate for injury to the skull
apﬁears as due to falling bodies the usefulness of the so-called “hard-
boiled”” caps is forcibly suggested.

CAUSES AND LOCATION OF INJURY.

Table 36 presents the facts regarding the severity of the injuries
resulting from certain causes and affecting certain portions of the
body.

88
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RELATION OF CAUSES TO LOCATION, ETC., OF INJURY. 89

TABLE 36.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE
AND LOCATION OF INJURY.

Blast furnaces,

Location ofinjury. Handling

Ma- Power | Hotsub-| Fallsof | Falling obJects Unclassi-

chinery. | vehicles. | stances. { worker, | objects. and fied,

tools.
Head,

Eye. coiiiieiiciieaenas vevane (O] (O] 0.9 0.34 ) 0.73 1.19
o3 | I, 3.42 3.41 1.14 2.64 3.42 1.14 1.14

Other parts of head.............. 1.15 .04 1.16 1.17 1.18 . .
Faceand neck...c..covevnennnn. 1.14 .02 .23 .03 .05 .02

03

Great toe and other toes......... 006 |oene e (13 (1;
Other t0eS. e cavvencancievacccefoeanmeiiiiinnnnnioniennneoainaaaas ¢ A faeeeeenas .
Unclassified. ..cocoeennnaneaee)oaiiias 1.14 9.13 )OS 7 3 PRSI P 10.28
Total. o ceeiiriennnceecnnnn 14.52 18.95 18.54 | 7.42 5,50 4. 0'2 14.03
1 Less than 0.005.

71087° —22——%
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90 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 86.—ACCIDENT SEVERITY RATES

PER 10,000 HOURS’ EXPOSURE) FOR SPECI-

FIED. DEPARTMEN®S :OF THEIRON-AND STEEL INDUSTRY; 19156 TO 1919,:BY CAUSE:
AND LOQCGATTON OF INIURY+—Continmed.
Bessemer.
Location of injury. Handling
Ma- Power | Hotsub-| Fallsof | Falling | ohjects,. Unglassi-
chinery. | vehicles: | stanees. | warker. | objects. tanld fied,
ools.
Head

By e e eceeaennenan [€) TR PO 009} ......... 0.01 0.08 1.29
[S2 1o 1% R RSN PPN RPN 0.03 fooeunnn..n annsssrans|peocenaaas
Other partsofhead....._....... .09 3.69 .01 ®) .05, (O] 03,
Faceand neelve................. 05 feeiiiinnns W2 e sreenees - .07 N2

1 Less than 0.005.
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TABLE 36+—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE), FOR SPECI-
FIED DEPARTMENTS OF THE TRON AND STEEL INDUSTRY, 1915 TO 1919; BY -CAUSE
AND LOCATION OF INJURY—Continued.

Open hearths.

Location of injury. Handling
Ma- Power | Hotsub-| Fallsof | Falling | objects | Unclassi-

chinery. | vehicles. | stances. | worker. | objects. 1:anlcl fied.
ools.

Other parts of hea
Face and neck

Vertibrass. ...l
Therax.........
éb@men een-

Wrist. ... 1IN
d

hil

Bothhands.....................
1finger.ceeeireniannnacnnnn... .
P31 T (U, '
3AANgerS.ieeeianraeanaaiann..

humb..o.o.eoiiiiiiiiiiiii.,
Thumpb and 1 finger.............
Thumb and 2 fingers......... eeall

Lower extremities.

Lower leg....................... i.03 04 .15 06 .05 L0k Jod
Ankle......oooiiiiiiivinaan. v-- .10 .08 .14 Jd2 .03 .05 .1
FOOb. ot iinieiiieeaaan .69 101 .39 .05 .21 .25 .06
Bothfeetu......oooo.ooiiaaa.. [ PO, .98 003 |ecenicinaa]envnnnnans (O I PSR,
Great t0€u.ee. couivternaaeaannns .06 .02 .01 @ .27 .21 .01
Great tos and other togs...... .- 151 P femeeaenan .01 Ol
Other to@S........ocievmnaan.n. [N 18 FOUURIN f R P .0L- 51 S PO
Unclassified. .o ooienieiroriaiediamncanauforeranencn 10,81 (O JE TS [ R .02

Total..ooveieimianiinnnnne. 19. 25 11.76 16. 45 1.04 8.07 3.63 2.14

1 Less than 0,005,
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TABLE 36.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECIn
FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE

AND LOCATION OF INJURY—Continued.

ACCIDENTS IN THE IRON AND STEEL INDUSIRY,

Location of injury.

Handling
objects
and
tools,

Other parts of head
Face and neck

Upper extremities.
Scapula....coiiiiiiiiiiiiiiiaas

Shoulder.
Humerus..

Ankle....

Greattoe.........ocoveoviinan.
Great toe and other toes
Other toes. ..... Ceveemeerraaaaas

Tibia and fibula..
Lower leg......

1 Less than 0.005.
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RELATION OF CAUSES TO LOCATION, ETC., OF INJURY. 93

TABLE 36.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE
AND LOCATION OF INJURY-—Continued.

Heavy rolling mills.
Location of injury. Handling|
Ma- Power | Hotsub-| Fallsof | Falling | objects | Unclassi-
chinery. | vehicles. | stances. | worker. | objects. and fied.
tools.
R 0,01 |..oouee... 0.74 |eevenenn.. ) 0.83 0.30
1 .76 1.47 §..... ceene 0.03 0.01 @) .74
QOther parts of head. R 80 e .01 .02 .02 .02 07
Faceandneck....ooceveeunannn. .05 ) 1,51 .03 ) .06 .01

Upper extremities.

Seapula......oooiiiiiiiiiiiiiidi i, .
Clavicle.....oooveneiiiiiiiii i, ; .01 O e [

1 Less than 0.005,
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94 ACCIDENTS ' IN* THE IRON' AND STEEL INDUSTRY,

TABLE:36;:~ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR-SPECI~
FIED DEPARTMENTS OF THE JRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE
AND LOCATION OF INJURY-—Continued.

Plate mills.

Location of injury. Handlin;
Ma- Power | Hotsub-| Fallsof { Falling | objects | Unclassi-
chinery. | vehicles. | stances. | worker. | objects. tanld fied.
ools
0.11
e .0k,
Other parts of head - .01
Faceand neck.................. -0L
Trunk
Backs.coooooal....
Vertebrze
Thorax..
Abdomen
Groin. ...
Pelvis........

Generative organ.

Upper extremities.

1Less-than 0.005:
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RELATION OF CAUSES TO ILQCATION; ETE., OF INJURY.

TABLE, 36..—AGCIDEM ‘SEVE
FIED, DEPARTMENTS OF .

95

1TY- RATES (PER:10,000 HOURS EXPORURE) FOR SPEGE:
HE JRON AND STEEL INDUSTRY, 191 TO. 1919, BY CAUSE
AND LOCATION OF IN.TURY—Contmued

Tube mills.
Location of injury. . Han
_ Ma- - Power. | Hobsub-| Falls of | Falling | objects | Unclassi-
¢hinery. | vehieles. | stances; | worker. | objects. tanld fied.
ools
Head

By ceeareraneinnrannearonaanns 0.61 0.10
SRMIL. e W02 L,
Other parts ofhead............. .01 .0t

Faceand neck.................. .02 M
.04 .03
.03 .01
.05 1.78
V0B oo
[ TN P

.01 O]

Upper -extremitsoss .

Clavicle........ccoviianniannn.
%houlder .-

Radius...
Forearm..

Thumb
Thumb and 1 finger.

Lower extremities.

Upper leg.
Knee.............
Tibia...

Tibula............
Tibia and fibula. .
Lowerleg.........
Ankle... ... ...

Unclassified.......covuniennan...

Total......coiimnennannan .ee

1 Less than 0.005.
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96 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 36.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE

AND LOCATION OF INJURY—Continued.

Sheet rolling wills,

Location of injury. Handling
Ma- Power | Hotsub-| Fallsof | Falling | objects | Unclassi-
chinery. | vehicles. | stances. | worker. | objects. and fied.
tools. :
Head.
E%;a .................. 0. 08
Other parts of head. . .01
Faceand neck.................. .04

Upper extremities.
Shoulder

1 Less than 0.005.
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RELATION OF CAUSES TO LOCATION, ETC., OF INJURY.

97

TABLE 36.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE
AND LOCATION OF INJURY—Continued.

Location ofinjury.

-1 Fabricating,
| Handling
Ma- Power | Hotsub-| Fallsof | Falling | objects [ Unclassi-
chinery. | vehicles. | stances. | worker. | objects. tang fied.
ools.

Other parts of head.
Face and neck

1 Less than 0.005.
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98 AQCIDENZS IN:THE . IRONAND STEEL INDUSTRY.

TABLE, 86, —ACCIDENT. SEVERITY, RATES (PER .10,000-3I0URS EXPOSURE) FOR SPECI-
FIED DEPARTMENTS OF THE, IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE
AND LOCATION OF INJURY—Continued.

Electrical.

Location.of injury. . Handling| . . .
. Ma~ ‘Power atsub-| Fallsof | Falling | objects | Unclassi-
chinery. | vehicles. | stanoes, | worker. | objects. tang fied.
: ' ools.
Head.
Eye,... dderennnae (O] 0.07 0.07
Skull.. F 553 1Y PPN PN AU
Other parts-of read .0 0.01" 01 (1)
Face and neck....... 4,84 ...l 1)

Upper extremities.

Claviele,ee o cmeneieeieieaan .
Shaulder....... .
g POL AT ace - oo e

...61 .

e e .

Thumbhb and i.'f'tﬁ};en..,

- . 1
.01

trarencres .35 57 3 EONTRUR
. .02 .01

. 02 .21 02 01

.14 .08 .27 .10

ceeenenes rleacmncenen +03. .11

14,33 Joveeeeen el

24. 99 11,22 53 2.24

1 Less than 0,005,

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



RELATION OF CAUSES TO LOCATION, ETC., OF INJURY. 99

TABLE 36.—~ACCIDENT SEVERITY RATES (PER' 10,000 HOURS* EXPOSURE) FOR SPECI-
FIED DEPARTMENTS OF THE TIRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE
AND LOCATION OF INJURY—Continued.

Mechanical.
Location of injury. Handling
Ma~ ! Power: | Hotsub-| Fallsof | Falling | objects | Unclassi-
chinery. | vehicles. | stances, | worker. | objects. tanld fied.
ools.
Head
............................. 0.59 |eoaeenen,. 0.03 feeenananns ") 1.01 1. 57
Skulleeeoeenieiii i ciaiarannnae . 0.81 ... ...... 3.2¢ 0.01 512 B .
Other partsofhead............. .02 L0t § .82 .02 .08 .01 .83
Faceandneck............ooo..e 1. 3 R .88 .02 (O] .04 .01
Trunk
Back,.ayeun.. N rereeveeaes .04 o1 @) .02 .03 .07 (O]
TharaX..eeeerreeicnciiensannnns 4.06 I 1 B DO .05 .83 .01 01
Abdomen,..... eereeeeiaanas . .01 .81 ) 01 m 82 .l
(24031 P [ T hetreaaeae .01 17 01
Pelvis.,yveuiennnnn.. [N 3 N P P W03 ool WOl
Generative organs..... R .01 (O] (€5 N PO (65 T PO
Upper extremities.
Scapula......coeeeeenn. [ (65 25 TN FOUPR RN PR RO (65 T PO
Clavicle..,cooneaeieivniniiaaa.. I 11 A PO, P . [ I S, oLl
Shoulder . . .02
II}umerus....
pperarm..
Elbow......
Ulna......
RAFIUS arveensinerernnnnannanans
Ulna and radius
Forearm.....
Wrist
Hand,
Both hands
2 ﬁ.ngerézz: ................. .
3 fingers... AT
4 fingers... [ONSNE
Thumb. . ..oeoiiiiiiinaeeaa .61 1.
Thumb and 1finger............. .33 (.
Thumb and 2 fingers............ .20 ...

Lower extremities.

Other-toes......... aeeearananas .-
Unclassified. ..ouonennennnnne. B PN AR .81 8L | .82

03 7 .ee 11.42 2.76 2.7 4,93 2.54 |- 5.24. 4,17

1 Less than 0.005,
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100 ACCIDENTS IN THE IRON AND STEEL 1NDUSTRY.

TABLE 36.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE
AND LOCATION OF INJURY—Continued.

Yards.

B
Location of injury. Handling
Ma~ Power | Hotsub-| Fallsof | Falling | objects | Uneclassi-
chinery. | vehicles., | stances. | worker. | objects. and fied.
[ tools.
Head. K
By, i 0. 62 0.01 0.04 |.enenn.... | P, 1.28 1.99
Skull._........... 2.04 L0123 O RN ! .................... 2.04
Other parts of head. . . 2.05 6.17 1) ) i 0.02 .01 .01
Faceandneck.................. . .01 .04 .05 0.02 O] .02 .05

Great toe
Great toe and other toes
Other toes

1 Less than 0.005.
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RELATION OF CAUSES TO LOCATION, ETC., OF INJURY, 101

TABLE 36.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE
AND LOCATION OF INJURY—Concluded.

Unclassified.

Location. )
Machin- | Power |Hotsub-| Fallsof | Falling %ﬁgggg Unelassi-

ery. vehicles. | stances, { worker. | objects. and tools fied.

Eye. 0.25 ®) 0.15 ®) *) 0.59 1.01
Skull 1.10 0.36 |.eunen... 1,81 0.38 ) .37
Other parts ofh .38 .03 73 .38 .03 .03 39
Face and neck 04 *) 10 .02 *) 04 01
Trunk
Back....oooooiiiiiiiiiiiiiiaa.. .02 .01 .02 .40 .01 .11 .01
Vertebrse........ RO U MO NP (1) Jeemeeemcieanecncana]eanananann
ThoraX..cevveieeeneaeelonnnnn.. 2. 60 2.18 40 .05 73 04 73
Abdomen................o...... 1.46 .72 (1; [} W72 02 37
TOIN. .. [N () O P, [ (13 1) 14 01
Pelvis....oooiiiiiiiiiiieannnn, .37 036 [eeecanannn [0 JN PO, ?) ..........
Generative organs.............. (O J PO SO ) ) 1) )
Upper extremities.
S0 1 1 SN SRR P SO PO t 1
Cla.\lf)icle ................ M) [ I P N, El; 8 é‘;
Shoulder.........cocoevvunenn.. .03 .01 ™) .02 .01 .02 .01
%umems.... .......... .01 .24 "'"('1 ..... 8; (1) D) (;)
PErarmM. .. ..coooiviunnannn. [3:>' 20 PN '
Eﬂ)ow ................. . 3 ........... ® .

um
Thumb and 1 finger............
Thumb and 2 fingers
Thumb and 3 fingers

Lower extremities. i

b2 51 TS ®
Femur.....ooveiiiiciaioinan.. .02
Upperlegeeee s aeeeciaianaonn.. .02.
.................. .03
Tibis. .ooovieiiieii .0L
Fibula.....ocieviiennenneannan.. O]
Tibia and fibula. . .03
Lower leg -03
Ankle. .08
Foot... .09
Both feet - (O]
Great toe....ov.enveniieirennan .01
Great toe and other toes......... 1)
Othertoes........covvieninnns .02
Unclassified.....coocuneennneo.. 1.83
Total.cuererneivnnonnnacnnnn 5.31

1 Less than 0.003.

Blast furnaces.—In blast furnaces the highest severity rate (10.28
days per 10,000 hours’ exposure) is found in the group unclassified
both as to cause and locality. It will appear later that this rate is
due to asphyxiating gas, which is still among the most serious menaces
of the blast furnace. Injuries to the thorax and the abdomen caused
by power vehicles have each a high rate and taken together contrib-
ute nearly half the loss due to that cause (9.17 out of 18.95 days).
Injuries to the skull have a high rate in all cause groups, but par-
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102 ACCIBENTS - IN- THE IRON: AND STEEL INDUSTRY.

ticularly -machinery (3:42 ‘days), falling-objeets-(3:42 -days), power
vehicles (3:41 days), and falls of ‘worker (2:64 :days)..

Hot substances have their most serious effect on_the thorax (3.44
days), abdomen (1.14 days), and in general burns not confined to a
specific locality (9.13 days). .

essemer department.—In this department the highest severity rate
(14.68:days per:10,000 houns’ expasure) arises from hot substances not
classified in regard to location. Among: these would be included, of
course, such .extensive burns as happen from; time to time in the
departments handling molten. mefal, . Next in severity (11.04.days)
are injuries to the thorax arising from the operation of machinery,
1t should be noted that the-machinery cause group-includes: cranes
and haists as well as: working machinery.. Power vehicles give rise to
serious injuries in a number of cases; g)r example, to the head (3.69
days), to-the thorax (3.69 days), and to the leg.(3.72 days).

Open: hearths.—In this department. as in the preceding, hot.sub-
stances causing general injuries have the highest-severity rate (10. 81
days). Injuries to the théorax caused by machinery have a rate of
4.97 days; those caused by vehicles, 4.91 days; and those caused by
hot.substances, 2.09-days.

Foundries.—In the foundries, machinery is the.cause.of. greatest
severity of accident (13.04 days). The location of the most severe. of
these injyries.is in-the, pelvis (3.91 days) and the thorax (2.03 days).
Falling objects-are in: this department a source of considerable severe
injury; as, for example, 2.01:days for injuxies to the leg.

Heavy. rolling. mills.—Machinery is in this department-the-cause of
greatest severity (10.72 days). There.is no particular location which
stands out above the others in its contribution to this severity rate,
Other cause groups similarly present a fairly uniform- distribution of
severity-among the different locations. '

Plate mills.—Msachinery and, hot substanges (12:68 ‘and 3:14.days)
are distinctly -the largest contributors: to severity-in-this department.
Among machinery injuries those to the skull are markedly more se-
rious (4.08 days) than those of any other location.

Tube. mills.—Machinery (12.29 days) makes the largest contribu-
tion to severity,injuries to miscellaneous parts of the head (3.58 days)
and. to the thorax (3.64 days) being in the.lead.. Handling objegcts
and toqls is negt usually a;l};rge-éontributor to-severity, but.in. this
department injuries to.the hands and fingers copstitute an important
element. This'seems to arise very largely in the handlin% of -pipe.in
the process of threading: and in moving it:from place.to.place..

Sheet -rolling.mills —This. depantment iis. particularly . conspicugus
for the severity of the injurigs occurring in connection with handling
objects.and tools, being 1n;that respect much more so than the tube
mills just mentioned. This high degree :of severity is largely reldted
to the process of opening the packs of sheets. Injuries to the eye,
in connection with handling, are also rather serious (1.03 days).

Fabricating-—Machinery: 13;:the . most: impertant. cause-of severity
in this department: Injuries.to.the.thorax-(3.66.days) are the mesb
important: As.rather netable.feature of-these émanV!-‘.w‘%'y?; agcidents
is the. severity-of :those. which:involve. one finger: (3:22.dgys), whieh
undoubtedly .arise.from the necessity :of-moxéin'gf_mthen clﬁmgy,qnd
unmanageable_ohjects. with: the. crane. In.guiding: and adjusting
these objects the.workers:rather frequently get-afinger:canght.. Ifis
also noticeable:that:injuries to the foot have:a conspieuous sevenity
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RELATIQN OF CAUSES TO LOCATION; ETEC., OF INJURY. 103

rate (2.12 -days.) The heavy. girders and-other fabricated parts
from time to time tip over and in doing so are apt, to cateh the worker.
This is reflected in the rate of 1,80 s for injuries to the thorax
caused by falling.objects.

Electrieal.—It is somewhat surprising, as has already been noted,
that machinery camses the larger number of severe injuries in this
department (31.39 days). This is, of course, connected with the
work which the menihave to do in repairing and adjusting electrical
machines.of various:serts. Mest serious of. these injuries are those-
of the sknll (9.62 days). Hot substances, which include electricity,
are next in order oftseverity (24.99 days), general injuries which.
can not be definitely-located being the most serious (14.33 days).
Following,these are iajuries to parts of the head (9.70 days). {’ha
effect of electrical shpcir, nat accompanied -by burns, is shown in the
rate of 4.79 days for.unclassified causes producing.injuries not classi-
fied by locality.

Mechamical.—The mechanics suffer mest severely from machinery,
injuries to the thorax standing at the head of the list (4.06 days).
They alse suffer notigeable severity from injuries involving the hands,
those to one finger-showing a rate of 1.90 days. These mechanies.
include those who are obliged to work on elevations, such as riggers,
and whe are thus more or less exposed to the danger of falling.
This is reflected -in-injuries to the skull, due to falls of the worker
(3.24 days). As might be expected the mechanics show a rather
high rate (5:24 days) 1m the handling of objects and tools. The loca-
tion of the most serious injuries is the eye, with a rate of 1.01 days.
All the departments show considerable severity from these eye
injuries, and sinee they are injuries which are almost completely.
preventable by the provision of proper eye protectors and the securing.
of the cooperation of the menin using them, they deserve very serious.
attention.

Yards—No ,cause of injury in any department,shows as. high: a.
severity rate as power-vehicles in the yarcf?iepartmen—t (54.35 days).
Injuries. to the tharax (16.51 days) are the most serious. ﬁut
throughout the list -of-locations high rates are found; such as, for-
example;, foot; 7.73 days, parts of head; 6.17 days, and skull, 4.08 days..
These- injuxies-ares of<tourse, almost entirely due to the movements
of cars through the yards and buildings. ’I%e fact that similar high
rates prevail 1in connection with the operation of railways suggests
that there is.still.room for careful study with a view to the further
reduction of thewccident hazard in these occupations. Along -with
the erectiqn of sstructmral steel transportation remains a departmient
which, while affeeted by the-safety movement, has been less- modified.
than. could,be desized..

Unclasstfied.—The,only comment that it is desired to make, on, this.
department is to calllattention.to the fact that it alde emphasizes the-
importance of magchinery as a cause of severe injury,

CAISES AND.NATURE OF. INIURY.

In. the.preceding saction the various cause groups have been related,
to the.part of the body which sustained injury. It is now Eroposed
to consider thenature-of those.injuries and-the cause groups-by which
they were produced: Table 37 contains the severity rates, classified
by cause groups and by the nature of injury.
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104 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 37.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’

EXPOSURE) FOR

SPECIFIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY
CAUSE AND NATURE OF INJURY.
BLAST FURNACES.
Nature of inj Machin- | Power | Hot sub-| Fallsof | Falling H(?ﬁ!g;gg Unclassi-
Jury. ery. | vehicles. | stances. | worker. | objects. |,0JPCHS | fied.
Abrasion..........oevinnennn.n (O] M) feeeacaenn. 0.02 (O] 0.03 0.48
gr;ﬁse ................. 0.85 0.15 (O] .17 0.27 .38 1.19
ub..........
Laceration. ..
Puncture. .. ...o...o......
Burn or scald
Concussion
Dislocation
Fracture. .......cooovniiiina.n

Sprain or strain (not hernia). ...
Accidental dismemberment.....
Nervous shock..................

14.52 ‘ 18.95 {

BESSEMER.

Sprain or strain (not hernia).. .
Accidental dismemberment.
Abrasion with infection. ... .
Laceration with infection.......
Burn or scald with infection. ..

(];[en;ll?,....... ............
rushing injury...........
Heat exhau’sltlirgn .......
Unclassified....................
Total. ey eeeecineieiicnannaan 16.74 13.51 24,03 1.36 8.61 2.28 1.74
FOUNDRIES.
0.04 0.08 0.78
.74 .68 .13
.28 1.05 .12
.05 .15

Burn or scald. .
Dislocation......

Sprain or strain (not hernia).
Accidental dismemberment.
Abrasion with infection. ...
Laceration with infection..
Puncture with infection. ..
Burn or scald with infection.
Hernfa. ...ooovvvenunnnnn
Asphyxia.
Electric flash. .

Crushing injury.

Heat exhaustion. ...............

OSSR e

1 Less than 0.005.
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TABLE 37.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’

RELATION OF CAUSES TO LOCATION, ETC., OF INJURY.

SPECIFIED DEPARTMENTS IN THE TRON AND STEEL INDUSTRY, 1915 TO

CAUSE

AND NATURE OF INJURY—Continued.
OPEN HEARTHS.

105

EXPOSURE) FOR

1919, BY

. N Handling|

it Machin- | Power |Hot sub-| Falls of | Fallin, . ®| Uneclassi-
Nature of injury. ery. | vehicles. | stances. | worker. objectsg. objects |~ goq

and tools.
Abrasion........cooieiiiia... 0.02 ®) (O] 0.02 0.01 0.03 0.08
Bruise. .. 0.27 [cevennannn .18 .34 1.42 .09
Cut...... ® P I, P [ 2 P,
Laceration. .42 .17 (O] . .39 .57 .39
Puncture. ... ) I )1 N PO, ) .01 .18 .04
Burn or scald.. A feeveacenn- 16.61 02 .. 02 .32

Concussion. . .01 (O] (O]

Dislocation. . O] L0l |....... 1) N P (O T FOUDOOIN
Fracture.........ce.... 8.16 2,67 (O] .52 4.27 .61 .02
Sprain or strain (not hernia).... .01 02 el .13 .01 .16 .12
Accidental dismemberment.... .68 I 3 3 P P .05 [ 2

Nervous shock
Abrasion with infection.

Laceration

Puncture with infection. ..
Burn or scald with infection
Hernia...c.oooovvninian...

Asphyxia.
Elgctric fla

Crushing injury.
Heat exhaustion
Electric shock.
Unclassified....................

with infection.

sh..

Laceration.

Puncture.. .
Burn or scal
Concussion
Dislocation
Fracture..........ooo...

Sprain orst
Accidental

Nervous shock...........
Abrasion with infection.

Laceration

Puncture with infection........
Burn or scald with infection....
Fracture with infection.........

Asphyxia..

2
Electricflash...................
Crushing injury..... .en
Heat exhaustion........
Lossofteeth....................
Unclassified......ooveiiennnnnnn

rain (not hernia).
dismemberment

with infection.

1 Less than 0.005.

T

Digitized for FRASER
http://fraser.stlouisfed.org/

087°—22——S8

Federal Reserve Bank of St. Louis



106 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

TABLE 37.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR
SPECIFIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY
CAUSE AND.-NATURE OF INJURY—Continued.

PLATE MILLS.

. : Handling
i Machin- | Power | Hot sub-| Falls of | Falling : Unclassi-
Nature of injury. ery. |vehicles. | stances. | worker. | objects, |, O0iectS | faq.
and toots.
Abrasion........o.oiiiiiian... 0.01 0.01 0.02 0.11
Bruise. .. 1.84 .33 .33 .14
[575  SPPRN PR
Lacerat: 1,04
Puncture O]

Coneussion. .. ...ccooeeiiiiii]ievenannas
Dislocation.. eene Q)
Fracture........................ 7.52
Sprain or strain (not hernia). ... .01
Accidental dismemberment... .. .75

Nervousshock..................
Abrasion with infection. ceen
Cut withinfection..............
Laceration with infection.......
Puncture with infection........
Burn or scald with infection.. ..
Hernia.....o.oooiiiiiiieii..
Asphyxia..........
Electric flash. ...
Crushing injury..
Heat exhaustion.
Lossofteeth....................

Laceration.
Puneture............
Burn orscald........
Concussion. . ........

Sprain or strain (not hernia)
Accidental dismembertnent.
Abrasion with infection....
Laceration with infection..
Puncture with infection. ..
Burn or scald with infection
Hernia. ... ccocoeeianan...

Electric flash..........
Crushing injury.......
Heat exhaustion...._...
Unclassified......cocvvennnnnn..

Laceration.......occoeve..
Puncture.......oceeeuennn.
Burnorscald..............
Coneussion. . .covevenennn..
Dislocation............
Fracture......cooenveevnnnnnn
Sprain or strain (not hernia).
Accidental dismemberment..
Abrasion with infection....
Laceration with infection..
Hernia...covevivienannnnns

1 Less than 0.005.
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TaBLE 37.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’
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EXPOSURE) FOR

SPECIFIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY
CAUSE AND NATURE OF INJURY—Continued.

FABRICATING.
Nature of infur Machin-| Power |Hot sub-| Fallsof | Falling H“ﬁ‘.dg“g Unelassi-
ury. ery. |vehicies.| stances. | worker. | objects. [ DPS | fied.

Sprain or strain (not hernia).
Acecidental dismemberment..
Abrasion with infection..
Cut with infection.._.....
Laceration with infection. .
Burn or scald with infection.
Hernia. «ccoeearnnccaenanas

Asphyxia..
Electric flash. .

Crushing injury .
Loss of teeth...
Unclassified.. ..cceeeriaannnan..

Dislocation. .
Fracture.
Sprain or strain (not hernia)
Accidental dismemberment.
Abrasion with infection...
Laceration with infection.
Puncture with infection.
Hernig. «ceceeennne-..
Asphyxia.
Electric flash.
Crushing injury .
Heat exhaustion
Eleetric shock.
Loss of teeth

Total.coameimenminiaaaianas

Abrasion......

Nervous shock......ccvvveneens
Abrasion with infection.........
Laceration with infection.......
Puncture with infection........
Burn or scald with infection....
Hernia.....covvueun. [
AsphyXig...coovinieienrvanens
Electric flash....... casmrsecancs

Frosted....
Unclassified

11. 42

1 Less than 0.005.
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108 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 37.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR
SPECIFIED DEPARTMENTS IN THE IRON AND STFEL INDUSTRY, 1915 TO 1919, BY
CAUSE AND NATURE OF INJURY—Concluded.

YARDS.

Machin- | Power |Hotsub-| Fallsof | Falling [FLAndling .,

ery. | vehicles. | stances. | worker. | objects. aggji?gtt)?s fied.

Nature of injury.

Abrasion.............ooeiilln 0.01 0.05 J.cueoenne. (] [O)] 0.03 2.12
] . . [ 3 0.12 0.21 . .

Laceration....
Puncture..... BN P
Burn or scald .
Dislocation. .. S P
Fracture.....coveeeeanas
Sprain or strain (not hern, . . .. .- . .. .. .
Accidenta] dismembermen . 33 N R P .36

Nervous shock. ...

Asphyxia...
Electric flash.
Crushing injury .
Heat exhaustion..
Electric shock. .
Unclassified. ....ooeeemanaana..

Totaleeueemeeaeronnanannnns 13,57 54,35 .31 .38 2,94 3.36 12.09

Sprain or strain (not hernia)....
Accidental dismemberment..
Nervous shock. .....
Abrasion with infect
Cut with infection.
Laceration with infee:
Puncture with infection.
Burn or scald with infection.
Hernia

Asphyxia....
Electric flash. ..
Crushing injury.
Heat exhaustion.
Frosted........

Total..ouveermieeniennannnns 11,59 6, 44 3.95 3.17 4.08 3.63 531

1 Tess than 0.005.

Blast furnaces.—The notable points under machinery are fracture
(7.26 days per 10,000 hours’ exposure) and crushing injury (3.57
days). %he group of fractures, of course, includes those of the skull,
which, since they often result in death, contribute largely to the
severity rate for fractures. Power vehicles also give rise to severe
fractures (7.85 days) and to crushing injuries (10.67 days). The most
serious single cause is hot substances, giving rise to burns and scalds
(16.01 days). These include those burns which rise from electric
current. Under the head of electrical shock (1.14 days) is a case of
death in which the electric current did not produce {urns. In the
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RELATION OF CAUSES TO LOCATION, ETC., OF INJURY. 109

blast furnace there is a considerable amount of work done at ele-
vations from which there is a chance that the worker may fall. This
possibility is illustrated by the rate (3.27 days) for falls of worker
resulting in fracture. The fact that asphyxiating gas is a serious
menace to the workers about the blast furnace appears in various
ways at different points in the consideration of the department. In
this table it is emphasized by the rate (9.14 days) under unclassified
causes giving rise to asphyxia. In fact, of the unclassified causes
this produces about two-thirds of the severity rate.

Bessemer.—In this department hot substances producing burns
have the high severity rate (23.99 days). Next to this are power
vehicles procglucing crushing injury (12.36 days), and next machinery
producing crushing injury (11.38 days). In the Bessemer depart-
ment a part of the process involves the throwing of heavy masses
of scrap into the converters. In the best plants this is carried on
in such a way that there is little danger of the material falling outside
the converting vessel. In the older plants, however, it happens
more or less frequently that these heavy masses fall to the floor
below and inflict serious injury. This contributes materially to the
rate of 4.07 days due to falling objects which produce crushing
injury.

OpZn hearths.—In this department hot substances producing burns
have a higher rate (16.61 days) than any other single cause. Follow-
ing it are machinery causing crushing injury (9.37 days) and
machinery causing fracture (8.16 days). 'The rate for falling objects
producing fracture (4.27 days) is high enough to be noticeable.

Foundries.—Hot substances producing burns (7.00 days) leads in
this department. Next to it comes machinery producing crushin,
injury 85.59 days) and machinery producing fracture (3.83 days). E
considerable amount of severity is due to falling objects; for example,
those producing fracture (2.69 days), and those producing crushing
injuries (2.00 days).

Heavy rolling mills.—The highest rate in this department is for hot
substances producing burns (5.45 days). Under machinery the rates
for flﬁa,cture (2.41 days) and for crusﬁing injury (4.77 days) are note-
worthy.

Plat}; mills.—The highest rate (7.52 days) is found under machinery

roducing fracture. Next to it comes hot substances producing
Eurns (3.13 days). A hazard of considerable seriousness 1s present
in the plate mills on account of the broad expanse of heated metal
from which radiation may take place very rapidly. The result of
this is shown in the severity rate (2.73 days) for unclassified causes
producing heat exhaustion. Whenever workers are exposed to
conditions such as this they are liable to heat cramps and other
results of exposure to high temperature. Two methods of relief are
available: (1) Streams o% air so directed as to carry the heat away
from the positions which the men occupy; and (2) an ample supply
of good drinking water at the right temperature. If the water is
too cold the men are apt to mistake the effect of the cold for the taking
of a sufficient amount and an insufficient ?uantity is apt to be taken
if the water has an unpleasant odor. The failure to supply the blood
with sufficient liquid to replace that drawn off by profuse perspiration
may have serious results. Some mills have found that the provision
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110 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

of an adequate and satisfactory supply of water has reduced the cases
of heat exhaustion very materially.

Tube malls.—Machinery producing crushing injury (6.50 days)
stands at the head of the list. There is a notable amount of laceration
(2.22 days) connected with the operation of machinery in this depart-
ment. This is related to facts already noted in considering location
of injury. In the operation of threading pipes roughnesses are pro-
duced which cause more or less severe laceration of the hands.
From the rate (1.78 days) for handling objects or tools giving rise to
abrasion with infection it might be supposed that these mills gave
inadequate attention to the minor injuries in connection with which
infection is liable to occur. In all probability, however, this rate
represents a comparatively few cases in which infection may have
resulted in death. It does serve, however, to suggest forcibly the
extreme precautions which it is desirable to take In order to avoid
infection.

Sheet rolling mills.—The rates in this department are all of them
rather low except for the handling of objects and tools. It has
already been indicated that much of this injury is connected with the
opening of the packs of sheets. To this may be attributed a large
part of the rate (1.81 days) for handling giving rise to laceration.
This is one of the departments in which the cause group ‘handling
objects and -tools”” gives a higher severity than machinery. In the
case of the latter, machinery producing accidental dismemberment
shows the highest rate (2.70 days).

Fabricating.—Two items for this department are conspicuously
more prominent than any of the others, namely, machinery causing
crushing injury, with a rate of 7.93 days, and machinery causing
fracture, with a rate of 5.43 days. Falling objects causing crushing
injury have a rate of 2.19 days. As has already been suggested this
is largely due to the falling over, from time to time, of the heavy
girders and other structural forms which are produced in these shops.

Electrical.—The conspicuous rates in this department are found in
machinery causing crushing injury (15.43 days), machinery causing
fracture (14.76 days), and electricity giving rise to electric shock
(14.32 days). Itis very likely that falls of worker producing fracture
(10.44 days) may be, in part, a result of the effect of the electrical cur-
rent. These falls occur, for the most part, in the case of men employed
as linemen. Table 12, page 386, shows that the injuries to linemen
have a very high average severity. It is easy to infer that a consider-
able part of these disastrous falls are due to the receiving of an electric
shock not in itself sufficient to do serious damage, but sufficient to
cause the worker to loose his hold and fall from the elevation where he
is working. A good deal of progress has recently been made in
devising improved forms of protection for these men, and this high
severity rate strongly emphasizes the need for utilizing all these pro-
tective devices. Under unclassified causes a rate of 4.77 days for
those giving rise to asphyxia shows that in the course of the necessary
electrical work about blast furnaces and some other departments of
the iron and steel industry, the electrical worker is exposed to a con-
siderable danger from asphyxiating gas. The development of test
apparatus to show the presence of carbon monoxide and the develop-
ment of gas masks and oxygen breathing apparatus ought to cut
down this rate.
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Mechanical.—Machinery causing crushing injury (5.10 days) shows
the highest rate in this department. Falls of worker resulting in
fracture stand next in order (3.64 days).

Y ards.—As already noted under location of injury, power vehicles
are the prime source of severe injury to yard employees. Crushing
injury £5.7 1 days) is much the most sertous. This, of course, is
reéadily understood, since the duties of many of the employees require
that they go between the cars, and it is evident that they are often
caught an(% crushed. This group also includes those crushing injuries
which occur in coupling and uncoupling. Another indication of the
seriousness of injuries to the hand and fingers by being caught
between the cars is the rate for accidental dismemberment (5.21 days).
Fractures (9.41 days) inecludes, of eourse, fractures of the skull, which
are of serious importance. Yard employees also suffer to a marked
degree from crushing injuries due to machinery. A large part of
these doubtless arise in eonnection with the operation of outdoor
cranes. Under unclassified causes puncture wounds show a high
rate (4.13 days). This rate reflects a considerable number of losses
of the eye due to punctures and also somewhat frequent cases of
injury due to sharp objects lying on the ground. It suggests, there-
fore, further attention to proper eye protection and also t%\e need for
strict requirements with regard to keeping the yards cleaned up.

Unclassified.—The highest rate (4.50 days) in this group is for
power vehicles causing crushing injury. It 1s rather closely followed
by crushing injury due to machinery (4.22 days). This miscellaneous
group of workers does not present any other point of particular

interest.
CAUSES AND RESULT OF INJURY.

It is usual to present the results of injury under three headings—
death, permanent disability, and temporary disability. The last two
are subdivided into a number of groups. In the ordinary presenta-
tion of accident rates on a frequency basis the rate for death is
comparatively small, that for permanent disability usually somewhat
higher, and that for temporary disability much the largest of the
thres. This arrangement of rates inevitably gives an appearance of
relative unimportance to the death rate. Death is known to be the
most serious form of industrial casualty. In spite of this fact, when
it is represented by a small figure such as 0.8 case per 1,000,000
hours’ exposure, while temporary disability is represented by 35.00
cases per 1,000,000 hours’ exposure, the resulting impression is likely
to be that temporary disability has an importance somewhat in pro-
portion to the size of the figure which represents it. A great advan-
tage of severity rates is that they throw these elements into more
nearly their proper relation to each other; for example, in blast
furnaces the rate for fatalities from machinery is 10.22 days per
10,000 hours’ exposure; the rate for permanent disability is 3.72 days;
and the rate for temporary disability is 0.58 day. It will be observed
that this is to all appearances exactly opposite to the relation which
would be shown by the frequency rate, am}i) there can be no doubt that
these severity rates more correctly represent the relative importance
of the items than the frequency rates can possibly do. Because of
this relationship it has been thought worth while to show in con-
siderable detail, in this and other places, tables of severity rates
classified in accordance with the results of the injury.
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ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TapLE 38.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSES AND RESULT OF INJURY.

BLAST FURNACES.

i s Handling
in Machin- { Power | Hotsub-| Falls of | Falling : i
Result of injury. ery. vehicles. | stances. | worker. | objects. ag‘&’:gﬁ& U%celg'fﬂ
Death...oooviiiiiiiiaaa, 10. 22 17.03 14.76 4.54 4.54 1.14 12.49

Permanent disability: Loss of—

Both eyes

1 hand....

Thumb and finger. .
Thumb and 3 fingers.
Great toe.

Any 2t0es........ooooiiaann

Temporary disability, termi-

natingin—

.03 .04 .09 .08 .05 .21 .17
S04 05 19 .07 .09 .23 1
08 02 23 06 07 .25 08
.03 108 16 07 .05 14 05
05 03 220 .08 L08 12 105
2 8 34 12 15 %5 o7
2 110 136 109 .33 20 102
.58 48]  L57 .68 82| L4 .52

14.52 7.42 5. 50 I 14.03

18.95 ’ 18. 54 ]

BESSEMER.

Temporary disability, termi-
natingin—
1st week. .

2d week.

3d week...

4th week.
5th week.

6th-13th weel

.03 .03 L8  0.03 .07 1 !
N S04 ‘09 .03 .05 ‘16 L07
.02 206 15 . 12 18 L07
ST I .20 .08 Tl ‘20 S0l
.06 ‘% 2 .08 .08 ) -0
.25 3l K] .39 12 240 ‘19
% R .58 72 .36 .36 13
78| L22| 201|136 90| 152 . 64
16.74| 13.51| 2403 1.7
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TABLE 38.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR THE
éROtN AI&ID STEEL INDUSTRY, 1915 TO 1919, BY CAUSES AND RESULT OF INJURY—
ontinued.

Res!

ult of injury.

Machin-
ery.

Falls of
worker.

Power
vehitles.

Hot sub-
stances.

Handling
objects
and tools.

Falling
objects.

Unclassi-
fied.

Permanent

Both legs.

Thumb and 2 fingers
Thumb and 4 fingers. .
Great toe..........

Temporary

dibility: Y.oss of—

disability, termi-

nating in—
Ist week...................

15. 59

6. 82

.76 2.35

11,76 16, 65

FOUNDRIES.

lleg...
1eye..

1 finger

2 fingers.

3 finge

gers
Thumb and 4 fingers. .
Great toe
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114 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

TABLE 38,—~ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR THE
éR(’{N A}l\ID STEEL INDUSTRY, 1915 TO 1919, BY CAUSES AND RESULT OF INJURY—
ontinue:

HEAVY ROLLING MILLS.

Machin- | Power | Hotsub-| Fallsof | Falling Handling 1 11cqie

ery. | vehicles. | stahces. | worker. | objects. aﬁ?fﬁfﬁs. fied.

Result of injury.

6th-13th week . . o L41 S06 12 23 21 '35 7
14th week and later........ .29 .16 .25 .13 .19 .26 .12
Total....ocovuenenannnn.. 1.23 .28 .62 53 | .75 1.36 53

Grand total.............. 10.72 5.92 5.71 .61 l 1. 67 2,83 2,96

PLATE MILLS.

Grand total.............. 12. 68 .07 3.14 .41 1.85 2,49 3.43

} Less than 0.005
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TABLE- 838,—~ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSES AND RESULT Of INJURY—

Continued.
TUBE MILLS,

Rosult of injare Machin- | Power | Hotsub-| Fallsof | Falling {F32910¢ yyerassi.

olinyry. ery. | vehicles. | stances. | worker. | objects. |, OMEO | fied.
710 ... 1.78 1L.78 ... 1.78 3.55
L78 | iiiaaidae e
B3l Y P, W83 .
18 018 | oo e .36 18
Pt I PR RPN U .27 09
2 67 |oomee 0.22 ...
Thumb and 2 fingers. .. ....{..c.co.... 728 TP DRI RPN NN RPN .
ANy 2toesS....c.ioiiiianaan T e ) [
Total.......coceeacnnanns 4,22 N SR FO .22 1.15 .27

Temporary disability, terminat-
ing in—

Ist week 03 fLl..... .02 o1 .02 .09 .08
2d week. . . .06 .01 .04 .04 .06 W17 .08
3d week. . 05 Javian... L4 .03 .06 14 .05
4th week .08 .02 .02 .01 .04 .17 .05

5th week .07 01 .02 .03 .05 . .
6th-13th we 2T e .07 .08 .07 .38 .09
14th week and later 42 15 .20 16 .25 .08 .17
Total..oeenenanaennan... 97 .18 .41 35 .54 1.13 .53
Grand total.............. 12.29 .80 2.18 2,13 .76 4,08 4,35

SHEET ROLLING MILLS.
31 ¢ s D ] ‘ .......... ’ ..........

Permanent disability: Loss of—
leye...
1 thumb

1 finger.
2 fingers. .
4fingers..........oooo.o.l
Total...ooovviiiai.
Temporary disability, terminat-
ingin—
Ist week 02 .37 .18
2d week. . .07 .72 .17
3d week. . 3 .56 .18
4th week . .44 A1
5th week .02 .37 .07
6th-13th week....... .09 .93 .51
14th week and later .41 [ 1) DR
Total....ociiiiieiaiinnts .72 3.63 1.20
Grandtotal.............. 89 5.49 1.37
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116 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 38.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR THE
%ROtN AdND STEEL INDUSTRY, 1915 TO 1919, BY CAUSES AND RESULT OF INJURY—
ontinued.

FABRICATING.

Machin- | Power |Hot sub-| Fallsof | Falling Handling Unclassi-

ery. | vehicles. | stances. | worker. | objects. |, OBIeCtS |~ ged.

Result of injury. bjects
and tools.

.06
.06
.03
.05
.04
.14 .
14th week and later. .58 W03 leviinnnane .11 .10 NN PR .
Allother.......ooiiiveiieideniiaiiiemanaecaddoniinnns [ N PSRN N, [N P
Total...oooeuereenenanann. 2.81 .10 .15 .50 .94 1.64 .61
Grand total.............. 18.5¢ I .10 L95 2,30 3.10 2.00 2.59
ELECTRICAL.
Death..coioiicninierninannannns 23. 86 ) .......... 19. 09 LU 7 U P 4.7
Permanent disability: Loss of—
Both eyes. ...... L o P
larm...... .
1 finger..
2fingers...........
Thumb and 3 fingers .
Great t08.ueeennnirennnnnnn.

.08 0.01 W17 .09 0.03 .11 .17
208 fieeuienn.n .16 .10 .06 .17 .07
. . «26 04 .06 .15 .06
.18 .02 A4 . .02 .04 .02
.12 .02 .08 .12 .07 W10 feeeen...
.36 .09 24 W74 .28 .29 .16
I3 &' 1N PRSP .07 056 fueaeananas W07 leveennanas
1.08 .16 1.12 1.67 .53 .93 .48
31.39 .16 24,99 11.22 .53 2.24 5.25

1 Less than 0.005.
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TABLE 38.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR THE

IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSES AND RESULT OF INJURY—

Continued.
MECHANICAL.
N P Handling .
- Machin- | Power |Hot sub-} Falls of | Falling s Unclassi-
Result of injury. erv. | vehicles.| stances. | worker. | objects. |, OPIECts | T geg
and tools.
2.42 4.04 1.62 0.81 1.62

5th week. . .05 .03 .07 .19 .03

6th-13th wi .09 .29 .25 .58 12

14th week and la . .30 1 .07 .06

Total.............. . 1.53 .28 .37 .89 .84 1.91 .61

Grand total............... 11,42 2.76 2.79 4.93 2.54 5.24 4.17
YARDS.

Temporary disability, termi-
nating in—
1st week..

.05 .23 0.04 0.05 .08 .18 .12
.06 .27 .02 .04 .05 .18 .09
.08 .27 .03 .07 .03 .18 .05
.05 .26 .04 .05 .06 .16 .05
.06 24 .03 .03 .11 .18 .04
.13 1.29 .15 .11 .29 .53 .21
.17 P O .03 .19 .17 .18
.60 3.75 .31 .38 .80 1.58 .75
13.57 54,35 .31 .38 2.94 3.36 12.09
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TABLE 38.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR THE
Z([}ROII\I C{x}i\TD STEEL INDUSTRY, 1915 TO 1919, BY CAUSES AND RESULT OF INJURY~—
oncluded.

UNCLASSIFIED.

Machin- | Power | Hot sub-| Falls of | Falling Handling Unelassi-

ery. | vehicles. | stances. | worker. | objects. |, 2Piects

P.esult of injury. and tools.| fiel:

Death...oooiiiiiiiiiiiiivenn. 6.48 5.04 2.88 2.52 2,52 oot 3.60
Permanent disability: Loss of—

Any 2toes............ I
Other............o.ooill

Temporary disability, termi-
nating in—
1st weeK...ooueenenninannn.

6th-13th week

Blast furnaces.—It happens that in this particular group of blast
furnaces death is most frequently caused by power vehicles (17.03
days per 10,000 hours’ exposure). In other compilations hot mate-
rials stand at the head, while here they are in second place (14.76
days). Among the permanent disabilities those due to machinery,
causing loss of the leg, have the highest severity (1.51 days). In
this department, and practically a%l others, it is the rule that
the severity rates increase as far as cases terminating in the third
week and then begin to decline. That is, the large number of cases
which terminate in the first week is not sufficient to offset the longer
disability of the smaller number of cases running into the second and
third weeks. If the frequency rates be consulted it would appear
as though the disabilities of one week and under were the more im-
portant. The consideration of them from the standpoint of severity
corrects that erroneous impression.

Bessemer.—Death due to hot materials is the most serious matter
in this department (22.02 days). The time losses for temporary
disabilities caused by hot substances are rather notable, the rate being
2.01 days.

Openyhearths.—Death due to machinery (15.59 days) is a most
important matter in this department, hot substances (13.64 days)
and power vehicles (7.80 days) coming next.
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Foundries.—Considerable disability, both of a permanent and
temporary sharacter, due to handling objects and tools is the striking
feature in this department. The rate for permanent disability is
2.18 days and for temporary disability 2.21 days. The highest rate
is that for death caused by machinery (7.83 days).

Heavy rolling mills.—Machinery causing death has a rate of 5.16
days, causing permanent disability 4.32 days, and causing temporary
disability 1.23 days. IEach of these rates is rather markedly in excess
of those arising from other causes. Among the permanent disabilities
’Ehose 51‘011; machinery causing loss of hand are rather conspicuous

1.01 days).

Plate Zaills.—Machinery is even a more conspicuous factor in the
seriousness of accidents of this department than in heavy rolling
mills. The highest rate is found under machinery causing death
(8.16 days).

Tube mills.—These mills also show high rates for machinery caus-
ing death (7.10 days) and permanent disability (4.22 days). g)eaths
due to unclassified causes show a rate of 3.55 days.

Sheet rolling mills.—This department is distinctive in that in
the mills covered by this study there were no deaths in the 5-year

eriod. It can hardly be supposed that in as large a group as that

ere covered this was accidental. In fact a knowledge of the opera-
tion of the department suggests that accidents causing death ought
to be rather infrequent and perhaps ought, if the mills are properly
mana%ed, t0 be entirely absent, as they were in this case. Handling
of tools and objects causing loss of the eye shows a high rate (1.01
days). A more extended use of eye protection in these mills would
seem to be indicated. Temporary disability due to handling objects
or tools is of considerable importance (3.63 days). As above noted,
this is unquestionably due to the operation of opening the packs of
sheets. Whether it 1s possible to devise some better protection for
the hands of these workers is a question worth considering.

Fabrication.—Machinery is the great cause of serious injury in this
department. Deaths due to machinery have a rate of 9.00 days;
permanent disabilities, 6.74 days; and temporary disabilities, 2.81
days. It has elsewhere been shown that a considerable part of these
severity rates are attributable to cranme and hoisting apparatus;
but the punches, reamers, and riveters are also a source of consider-
able severe injury.

Electrical—Deaths due to machinery head the list in this depart-
ment (23.86 days). Deaths due to electricity, either burns or electric
shock (19.09 days), come next. The hazards of linemen are again
emphasized by the deaths due to falls of worker (9.54 days).

echanical.—Most important among the mechanical workers are
deaths due to machinery (6.46 days). Their permanent injuries due
to machinery (3.43 days) and those due to handling objects or tools
(2.53 days) are noticeable. Loss of eye and loss of hand or fingers due
to machinery have a considerable degree of severity. In temporary
disalmbilities the highest rate (1.91 days) is due to handling objects or
tools.
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120 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Yards.—In this department additional evidence appears as to
the importance of power vehicles as a cause of injury to the yard
employees. Of the rate of 54.35 days for power vehicles, 40.74 days
are attributable to death, 9.86 days to permanent disability, and 3.75
days to temporary disability. In connection with this high rate,
which is not found elsewhere for a single cause group, with the possible
exception of the erectors of structural steel, it is worth while again
to call attention to the relation which the severity rate brings out
between death, permanent disability, and temporary disability. In
real importance these three results of injury stand in the order shown,
Wl:iereas the frequency rates necessarily present them in the reverse
order.

Unclassified.—There are no points in this group to which special
attention need be directed.
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CHAPTER VI

VARIOUS RELATIONS OF LOCATION, NATURE,
AND RESULT OF INJURY.

In the three preceding chapters the relation of the various accident
causes to the departments, location, nature and results of the injury
have been considered. There are various interrelations of these items
which shed more or less light upon the accident problem. It is
prloposed in the present chapter to give consideration to these various
relations.

DEPARTMENTS AND LOCATION OF INJURY.

Table 39 embodies the results of considering the departments as
units and eclassifying the injuries occurring in them according to the
part of the body injured.

TABLE 39.—~ACCIDENT SEVERITY RATES (PER 10,000 HOURS' EXPOSURE) IN SPECI-

FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCA.
TION OF INJURY. .

Heavy Sheet

: Blast| Bes- Fab- | Elec-| Me- Un-

Location of Open |Foun-| roll- | Plate| Tube| roll- | 4 "
injury. fur- | se- | B0 Varies. | ing |mills,|mills| img |Ticat-| tri- | chan-Yards.| classi-

naces.! mer.

mills. mills.| ing- | cal. | ical. fied.

Eye........... 3.23 | 1.49 1.70 ¢ 1.07; 1.880.17 191 3.93 2.01

1
03 . . L
Other parts....| 4.75 | 3. 86 1,256 2.08 .95 ¢ .11 | 3.
Faceandneck.| 1.49 | .34 2.53 1 2.11| L67 (L5411

8

12.36 | 7.23 | 7.52]35.91

.51 .23 19 (181194} 10 X2} .27 ) .17 .31 .59
15" £ P PR L P ) PO P P . (D)
14.05 | 4.22) 2.44| .1713.76 ) .09 | 5,571 9,60 | 4.97 | 22.83 6.
165} 6,12 3.30

2,95 .06 1.54|2.81|1.85](...... 031 .04

.05 .22 061 067 .06 .16! .05] .15 .19 .14 .16
2,04 | 3.91 L0310 1.38 ) () f..o.deeeeas L1910 .84} 2,08 .73
L02 [L...... ) P13 O SN ;T (R PR S .01 .01 .01
20.59 | 8.64| 4.2616.00|7.66 | .3515.77 (10,25 | 7.83 | 31.49 | 11.52
Upper  ex-
tremities.
IS 01 N O (O]
.03 .03 .01
.14 .16 .10
.04 A1 .25
021 1,55 .53
.11 .04 .06
.02 .05 .02
.04 .06 .03
.03 .02 .02
12 L41 .18
A7 .09 .16
1L07 .47 L08
.02 .02 .02
2.90 | 2.58 181
.50 .69 .40
17 .03 .20
01 ....... .31
139 | 104 .99
3Bl O .01
51 N PR @)

7.33 | 8.35 6.18

1 Less than 0.005.
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122 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

TABLE 39.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) IN SPECI-
FIED DEPARTMENTS OF THE IRON AND STEEL INDUSTRY, 1915, TO 1919, BY LOCA-
TION OF INJURY—Coneluded.

Heavy Sheet . . -
injury. earth.} dries, | ing |mills,|mills.| in i i N $
Jury. naces.| mer. il it | ing. | cal | deal. fied.
Lower ex-
tremities.
Hip 0.06{ 0.01 | 0.04)|0.03]0.05]|0.01L|004}0.03]|0.03] 002 0.03
Femur.... 1.17 . 130 .14 .34 ) ..... 261 . 071 149 60
Upper leg. 3.16 | 3.53| 2.87| .44 .11 .06} . .09} 1.35] 5.68 109
Knee.......... .13 .13 LA .09 15 .31 231 .08 20 21 49
Tibia.......... .04 10 02| 02| .04 .06 06 |...... o7 07
Fibula........ ] o3 03 7| .66}1 .02] .06 18} .05} .07 05 03
Tibia snd &b~
ula.......... 13 22 191 2.02 44 .63 16 36 )...... 40 50 48
Lower leg..... 21 73 1.42 65 99| .36 241 .2811.51 181 .20 255 1.92
Ankle......... 74 62 5 311 .28 08 99 19 44 33 46
Fool........ i 1L30| L18 2.66 1 L38| 170 1.92 721 1.2812.64] 1.00 1 205 8.55 2.39
Both feet...... L1004, .ot 021 .05 01 [+ 3 DR P 01 (O] 02
Great toe...... 33 96 .39 85 .67 84 19 19] .8 17 51 68 72
Great toe and
other toes....| .07 .05 .07 .08 00 L22F 10 ..... L4 .03 .04 .31 .02

Other toes..... O] .04 .07 ) 2 F L0021 W23 faelfeeiiii]eines .01 .13 .07

TFotal......| 817 11.90 | 11.22| 9.39| 8.75[5.16( 2.2¢ [ 3.61 | 6.19 | 2.49 | 5.44 | 20.47 8.21
Unclassified. ...[22.83 18.35| 10:91 | 1.96 | 3.70[2.73{ .79 | (1) |3.60 [19.:2| 2.44 | 6.15 5.14

Grand total!85. 25 |68.25 | 6255 | 34.38 | 30.43 124. 08 l%. 57 [11.98 (30,58 [75.77 (33,85 | 86.99 | 39.62

1 Less than 0.005.

On consideration of this table it becomes immediately evident
that injuries of various serts to the thorax are of very serious impor-
tance. It has been shown elsewhere that many of these are crush-
ing injuries sustained in connection with vehicles and falling bodies.
The following departments have notably high rates for injuries to
the thorax: Yards (22.83 days per 10,000 hours’ exposure); Besse-
mer department (22.78 days); open hearths (14.05 days); blast
furnaces (12.72 days); electrical (9.60 days).

In a number of departments injuries to the skull are also very
serious. They are: Blast furnaces (17.43 days); electrical (14.44
days); yards (8.15 days). When the totals for such regions as the
head, trunk, and the extremities are considered, it becomes evident
that on the whole injuries to the head are the most serious. In 4
out of 13 departments these injuries stand at the head of the list.
The departments in which injuries to the head are thus most serious
are the following: Electrical (34.41 days); blast furnaces (26.90
days); mechanical (10.84 days); and tube mills (8.63 days).

njuries to the trunk are most serious in 5 out of the 13 depart-
ments, as follows: Yards (31.49 ‘days); Bessemer department (27.24
days); open hearths (20.59 days); unclassified (11.52 days); plate
mills (6.00 days).

en upper and Iower extremities are considered, injuries to the
lower extremities show the greatest severity in 8 out of the 13 depart-
ments. When the number of injuries is eonsidered, those to the
gper extremities are very much more numerous; but the propertion
those which give prolonged disability or even result in dl;&th is
greater for the Iower extremities.

In some departments injuries which can not be classified by

specific part of the body injured are of very considerable importance;

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 123

for example, in blast furnaces (22.83 days), electrical (19.12 days),
Bessemer (18.35 days), and open hearths (10.91 days). These are
uite largely cases in which extensive general burns have occurred.
n blast furnaces they also include the effects of asphyxiating gas.

LOCATION AND NATURE OF INJURY.

Table 40 shows for the usual list of departments the relation
between the location and the nature of the injurly. It has been
thought desirable in ]l)resenting this subject to simplify considerably
the classifieation by location.

TypLe 40._ACCIDENT SEVERITY RATES (PER 10000 HOURS' EXPOSURE) FOR SPECI-

DEPARTMENTS IN THE TRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCA-
TION AND NATURE OF INJURY.

BLAST FURNACES,

Nature of injury.

Laceration............
_Puncture.........e....
Burn or scald..
Concussion
Dislocation
Fracture. ...
Sprain or str
Accidentaldismemberment. .
Nervousshock.....ouveeeeeneannnnns
Abrasion withinfection..............
Cut withinfection.....ccccevaeeencnen.
Laceration withinfection.............
Puncture with infection. ... .
Burn or scald with infection. .
Fracture with infection
Hernia..........
Asphyxia. ..
Electric flash. .
Crushing injury
Electric ShoCK - . . .ccuveneecannenceccnroamaneacloananee-
Lossofteeth.......cccenereennenannacn . .
Unclassified. ...ceeeeoranaccacscscecnonasecns (O]

Sprain or strain (not hernia)..........
Accidental dismemberment. .........
Nervoussghock. .........
Abrasion with infection
Laceration withinfectiol
Puncture with infection
Burn or seald with infec:
Hernia.....ecevveemnne . N3 PP PSP - .
Asphyxia........... e e P . . .01
Electric flash. . ...... .- . Ol f........ B g PR
Crushing injury..... . . .

b 12.36 | 20.66 1.52 5.87 6.21 5.01 10.91

1 Less than 0.005.
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124 AACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 40.—ACCIDENT SEVERITY RATES (PER 10,000

FIED DEPARTMEN

TTON AND NATURE OF INJURY—Continued.

HOURS’
TS IN THE TRON AND STEEL INDUSTR

EXPOSURE) FOR SPECI-
Y, 1915 TO 1919, BY LOCA-

FOUNDRIES.
Head Hand Foot Un-
Nature of injury. anlc{l Truonk.} Arm. | and Leg and | classi-
neck.
Abrasion. ... ...oeiiiiiiiiiiiiii i 0.83
S€.vrercnccrernaaacaanenaanas .03
Laceration.......ccceevennnnnns .24
Puncture.......coeeviveennnnnn. )
Burnorscald.........coceenenn... 2,18
Dislocation. ..ov.viierineiriranearianeaeniicesloneanean
Fracture.......covvveccncenennnns

Sprain or strain (not hernia)................ ...l
Accidental dismemberment... _.........ciciifeven...
Abrasion with infection........

Laceration with infection
Puncture with infection.

Burn or scald with infection

Hernia........ ceranecans
Asphyxia.........cc...
Electricflash...........
Crushing injury......
Heat exhaustion.........

Puncture........ooeeu.en
Burn or scald
Concussion..............

Sprain or strain (not hernia). .
Accidental dismemberment

Nervous shock...........

Laceration with infection.

Puncture with infection. .. .
Burn or scald with infection. .

Fracture with infection..

Asphyxia...
Electric flash.. .

Crushing injury. .
Heat exhaustion..

Loss of teeth......
Unclassified......coooveiriiinenieinnnns

Total. .o ittt i i eeeeann
PN 7213 16 D 0.11 j........ Q)
Bruise. . 1,59 0.08
Cut..... [0 7 PP
Laceration.. . .
Puncture... (O] [O) .01
Burn or scald. 1,46 1.39 .03
Concussion. . . [ T

Sprain or strain (not hernia).
Accidental dismemberment
Nervous shock............

Abrasion withinfection

yxia.

Electric flash.
Crushing injury. .
Heat exhaustion..
Loss of teeth......

Total.....covneunnen .

178 | 3.3¢| 27

1 Less than 0.005.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY, 125

TABLE 40.—ACCIDENT SEVERITY RATES %PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCA-
TION AND NATURE OF INJURY—Continued.

TUBE MILLS.

Head Hand Foot Un-
Nazure of injury. and | Trunk.; Arm. and Leg. and | classi-
neck, | fingers. toes, fied.
Abrasion.. ..ot i 0, 09 0,01 0.01 0,05 ™ 0.01 |........
Bruise......... .05 0.01
Cut........ Y P O PN IS R ) PN
Laceration.
Puncture....
Burn or scald..
Concussion. .
Dislocation..
Fracture.....

Sprain or strain (not hernia).
Accidental dismemberment.
Abrasion with infection....
Laceration with infection..
Punecture with infection...
Burn or scald with infection.
Hernia. .. ....o.o.o....
Electric flash. .

Crushing injury.
Heat exhaustion.
Unclassified

Sprain or strain (not hernia).
Acecidental dismemberment.

Fracture......coovevuono.. e
Sprain or strain (not hernia). .................
Accidental dismemberment...................
Abrasion with infection.................oooi
Cut with infection.. ...l

F.65) 0) 105 < SR
Electricflash.....covvinieienininiiniininannns
Crushing injury........occoooniiiiiiiiiiiaao.
Lossofteeth..........cooeviine. Neererantenees
Uneclassified. . .oo.ocoieneiiiiiiiiiiiiniinanns

1 Less than 0.005.
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126 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 40,—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1916 TO 1919, BY LOCA-
TION AND NATURE OF INJURY—Continued.

ELECTRICAL.
Head Hand Foot | Un-
Nature of injury. and | Trunk. Arm. | and Leg. | and | classi-

neck. fingers. toes. | fied.

0.12
.02
.26

Sprain or st

Accidental dismemberment.
Abrasion with infection...
Laceration with infection..........occciavine.

Electric shock.
Loss of teeth...

Puncture with infection. .
Burn or scald with infection

Total..oeemnienenieeninnnas eevesvnenaone 10.83 7.82 «56 6.77 2.48 2,96 2.44

1 Liess than 0.005.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY, 127

TABLE 40.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCA-~
TION AND NATURE OF INJURY—Concluded.

YARDS.
. Head Hand Foot Un-
Nature of injury. and |Trunk.| Arms. | and Leg. and | classi-
neck. fingers. toes. fied.

Fracture..
Sprain or strain (not hernia). .
Accidental dismemberment.............
Nervous shocK. .oouieeieeoiiaenavanans
Abrasion with infection.................
Laceration with infection..
Puncture with infection. ..
Fracture with infection..
Hernia.....
Asphyxia.
g.lecglc flash.
rushing in,

Heat ¢ géirgn
Electric shock. ..
Unelassifiod e ceereeeearacrrcnetacaeacoarenen

Puncture...
Burn or scal

Fracture...... .- , 40 3 .63 . . .
Sprain or strain (not hernia). . . . . . A2 4.,

Accidental dismemberment.. . 36 oee.....
Nervous shock.... .. ....... . . . . .
Abrasion with infection....
Cut with infection.......
Laceration with infection
Puncture with infection

1 Less than 0.005.

The conspicuous feature of this table in each of the departments is
the importance of fractures and crushing injuries, and it becomes
evident that fractures of the skull are the important element in giving
rise to the high severity of injuries to the Il)uead. Crushing injuries
a}fgfelclting the trunk are usually next in order to fractures affecting the
skull.

The serious importance of asphyxiating gas in the blast furnace
department is again emphasized by this table. In the blast furnace
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128 ACCIDENTS. IN THE IRON. AND STEEL INDUSTRY.
department fractures of the skull have a severity of 17.42 days per
10,000 hours’ exposure, while asphyxia has a severity of 10.28 days.
It is, therefore, among the most serious injuries from which workers in
the blast furnaces suffer and, as indicated elsewhere, it undoubtedly
contributes to injuries which are classified under other heads.

LOCATION AND RESULT OF INJURY.

Table 41 presents the facts for the several departments regarding
the results arising from injuries to different parts of the body.

TABLE 41.~ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECK
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCA-
TION AND RESULT OF INJURY.

BLAST FURNACES.

Upper Lower :
Result of injury. H;ae%?nd Trunk. | extremi- | extremi- Ul}icégssx— Total.
. ties. ties. .
Death.. oo iaieeiciranceaenass 20.43 2057 ... 2.27 22.70 66, 97
Permanent disability: Loss of—
Botheyes.....ccccoieicieresnsrennns U0 O POt DR PO, 1.14
Thand.......oiiiiviiiiiiiiieiinoeneidercnneeie]oceenneeedd LML ol 114
PR Y N Ao - | 1N T, 2.36
B {0 R S5 P D! Y 1 2 AP .45
£ R X R s e M 3.23
1 thum .23
1 finger. .62
2 finger: .43
3 fingers .37
4 fingers.......... .34
Thumb and 1 finger. . .23
Thumb and 3 fingers. .38
Great toe............. .11
Any 2 toes. .06
Allother............. 1.14
12,22
.66
i
.76
.56
.......... .62
1.34
1.34
6. 06
85.25

1 Less than 0.005.
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TABLE 41.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCA-
TION AND RESULT OF INJURY—COntmued

FIED

EPARTMENTS

OPEN HEARTHS,

Upper Lower :
Result of injury. Heése%]gnd Trunk, | extremi- | extremi- U)}icelgsm- Total.
. ties. ties. *
Death. ..o oot 9.74 19.49 0.97 4.87 10.72 45.80
Permanent disability: Loss of—
Both legs .97
L5 <« PN .65
Thand.....oooiiiiiiiiiiiiiiiiaananns 24
J 35 {0 P 125
1OY0. ittt 1.36
% }:mlémb .............................. N ;;‘;
G .
PR i RN .37
3fingers... ... _...oo..ceiiiiiiiiaan. .19
4fingers.........cooieiiiiiiiiiiaaaaaa .05
Thumb and 2 fingers .24
Thumb and 4 fingers .05
Great t0e. ..o veiieiainianeenananannnn .10
ANy 2t0€S.cene i .10
Total......iiiiiiiiiiiiiaeananns 7.72
'l‘emporary disability, terminating in—

St WEBK - -....... e —ans .2 .10 .2 .33 .02 .9%
2dweek ............................... .17 .13 .32 .35 .01 .98
Bdweek. ... ..ot .20 .12 .36 .42 M L1
dthweek.....ocoiiiiiiienananannann. .11 .11 .28 I~ O PO .8
Sthweek......ccouiiniiiiiinenacnnnnns .08 .10 .32 .37 O] .88
6th-13th week......................... .32 .32 .67 115 | eeien.. 2.46
14th week andlater. ... .............. .12 .29 .38 97 .04 181

Total. e e 1.25 117 2.60 3.93 .07 | 9.03

Grand total............coooieein... 12.36 20. 66 7.51 11.22 10.79 | 62.55

FOUNDRIES.
Death. ... ooeiie L 19. 57
Permanent disability: Loss of—

hand....oiiiiiiiiiiii i iiiiiiariereceaaanennns .98
1 L Y S 1.30
b - .59
Tthumb.......oooiiiiiiiiiiii i, .98
é i?‘tigger ..................................... L gg

(- ¢ R P, .
R 1T N AU .39
Thu.mb and 4fingers. ... .. ..... ool .78
(65 :5: 5 1 PN S, .10
.10
6. 54
.95
121
.9
.89
.69
2.45
1,18
TOtale e nenaananraienaanaaanaannannns W77 .81 2.72 3.97 .01 8.28
Grand total..........cccoeiuvennnnn. 7.23 8. 64 7.17 9.38 1.97 34.38

1 Less than 0.005.
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130 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

PTasre 41.—ACCIDENT SEVERITY RATES (P

FIED DEPARTMENTS IN THE IRON AND
TION AND RESULT OF INJURY—Continued.

HEAVY ROLLING MILLS.

STEEL INDU

ER 10,000 HOURS’ EXPOSURE) FOR SPECI-
STRY, 1915 TO 1019, BY LOCA-

Upper Lower .
Result of injury. Heae%]?nd Trunk. | extremi- | extremi- | 0BC1asst| mopa;
neck. ties. ties. .

16.22

.59

1.38

1.03

.97

1. 66

.41

1.09

.64

ger: .44

Thumb and 2 fingers .18

Great t0e......ociiiievicniiiinnnneneidiniiiiiiii]eneneaneiiiiiii .40

- 10 o R O P L11

Total..ceunrneeiaeecnaeecaaeaennnn 8.91

Temporary disability, terminating in— 9

B wesk LI .49

BAWEOK. ...ttt .45

4thweek.......cceunnn.. remeeeanenees . .4

Sthweek.........cocveeneen [ .46

6th-13th week.............. teeeeaan .24 17 .45 1.56

14th week and later................... .14 .18 .29 1.4

Total. . ..viirrrecrrensaocanncnennns .70 .87 1.46 5.30

Grand total....ccoveieenneenennnnens 7.52 4.26 6.19 30.43

PLATE MILLS.

Death.....cocvvvennannnn ceeeneces creeccaes 5.44 5. 44 {ooeeiiiiifoeinaanits 2.72 13.60
Permanent disability: Loss of—

1100t. . vieiinininiinnnnanss 1.50

1 thumb...... beteecsiecntcnannsnannan .95

1fnNger. . .cecarararacnan teeseacernas .88

Thumb and 3 fingers......ccccveuens.. .4

Great t0€....covieneireenirnennneennns .20

ANy 2100S. ceericacencananrranaanes .20

Tothl. . ciivirrisinnccnonarocsannsns 4.15

Temporary disabxhty,termmatingm— 8

2dweek.’.ﬁZiIZIIZ:IZZZZZ:ZZIIZIZZIIZIZ 1

Bdweek..... ... .ociiiiiiiiiiiinennn, .68

4th week....... reeoeerecareseuraas .60

5th week........ ceen .52

6th-13th week..... cee 178

14th week and later. cees 1.20

Total. o evevrenenarionenancaencnnnns .48 .56 2.08 3.21 .01 6. 34

Grandtotal...............eioiiiitl 5.92 6.00 4.32 5.11 2.73 24.08

1 Less than 0.005.
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VABIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 131

TasLE 41.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS' EXPOSURE) FOR SPECI.
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCA-
TION AND RESULT OF INJURY—Continuaed.

TUBE MILLS.

Upper Lower
Result of injury. Hm]?nd Trunk. | extremi- | extremi- Ulf‘fggSSi‘ Total.
. ties. ties. g
Death. ..ooiiiiiiiiiiiiiacaneanns - 533 7.10 198 feeuenne.. 1.78 15.98
Permanent disability: Loss of—

Botheyes......cocomnienaa. sesessance . 1.78
1.07
.89
1.24
.89
.4
.18
6. 48

Temporary disability, terminating in—
1st week. ........ e, .08 .03 .08 .07 .01 .2
2dweek................ .09 .06 .16 .45
3dweek........o.oennn .05 .04 .13 .37
4th Week ............... 04 .09 13 .38
............... .01 .12 .29
6fh—13th week.. _....... 11 2 39 .98
14th week and later...... 07 .13 .23 1.42
Total....o.coveieeccanans .46 .55 1.23 1.8 .02 411
Grand total....... “en 8.63 7.66 6.47 2.03 1.79 26. 57

1 Less than 0.005,
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TABLE 41.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’
E IRON AND STEEL INDUSTR

FIED DEPARTMENTS IN TH

TION AND RESULT OF INJURY—Continued.

FABRICATING.

EXPOSURE) FOR SPECI-
Y, 1915 TO 1919, BY LOCA-

Result of injury.

Head and

neck. Trunk,

Upper,
extremi-
ties.

Lower
extremi-
ties.

Unclassi-
fied.

Total.

Death........ tenenescesecneanenanares e
Peni:nanent disability: Loss of—
eg

Thumb and 3fingers.....ocaveunnas.
Great t0€..uvrieremaceeneananncana.

Temporary dxsabxhty, terminating in—
1st weel

1 Less than 0.005.
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TaABLE 41.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE TRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCA-

TION AND RESULT OF INJURY—Continued.
. MECHANICAL.

Result of injury. Head and) mrypk,

Upper
extremi-
ties.

Lower
extremi-
ties.

Unclassi-
fied.

Total.

g
Thumb and 1 finger...................
Thumb and 2 fingers
Great t08.....cciiiiiiiiiiaiiaiaanns

Istweek. . ... iiiiiiiiiiiiiiii, .23

06
Sthweek. ... ....oooviviiiiieniiana, 07 .

Permanent disability: Loss of—
R+ ¢ ) P D anen

1 Less than 0.005.
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134 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 41.~ACCIDENT SEVERITY RATES (PER 10,600 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TQ 1918, BY LOCA-
TION AND RESULT OF INJURY—Concluded.

h UNCLASSIFIED.
Upper | Lower .
N Head and : . { Unclassi-
Result of injury. Trunk. |extremi- [ extremi- Total.
i neck. ties. | ties, fied.
24.49
.99
.45
1.50
.72
1.75
77
1.07
.36
.14
.32
.04
A1
.02
8.25
. .79
. .89
. .91
. .66
. . .67
6th-13th week__. . 13 .22 .63 .83 .03 1.85
14th week and later.....occeeeennnnans .14 .10 .18 .68 .01 1.12
Total. . ..ccconernermsnnasnsosaccnacn .70 .72 2.32 . 3.06 .08 6.88
Grand total. .ccoavoiieiaienianennen. 8,57 11,52 6.44 7.95 5.14 ! 39,62

1 Less than 0.005.

An inspection of this table will show from a different standpoint
the fact already indicated with regard to the relative seriousness of
head injuries as compared with injuries to other parts of the bodr
Among head injuries which appear constantly with a considerab.
degree of severity are those involving less or injury to the eyes. In
several of the departments, as for example blast furnaces, mechanical,
and yards; this sort of injury stands near the head among permanent
disabilities. This is a matter which deserves repeated empbasis in
view of the fact that injuries to the eye may be almost entirely elimi-
nated by the use of adequate head and eye protection.

DEPARTMENTS AND NATURE OF INJURY.

Table 42 shows for the several departments the distribution of the
severity of injury among the different varieties of bodily damage.,
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY, 135

TaBLE 42.~ACCIDENT SEVERITY RATES (PER 10,000 HOURS' EXPOSURE) FOR SPECIFIED
DEPARTMENTS! IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE OF

INJURY.
Heavy Sheet
Blast| Fab- Me- Un-
iz Open | Found-| roll- | Plate| Tube| roll- | lec-
Nature of injury. | fur- : p p s ricat-| chan-Yards. | classi«
haces, jpearths.} ries. lIilill ) mills.| mills. nl:?l%s. ing. trical. ieal. fied.

2. 88 2,31 107 |2.80] 4.24] 1,11 { 2.43 811173 2.10
[ TN VR PO o1y .021)...... & ... @) leeee-. )
2.10 3.10| 1.62/2.33}3.39(38.092.65]1.54]|2.30| 4.53 2.37
21 17] .14 06§ .72 071218 4.19 1.74
16.97 7.01 ] 5.513,22]2.19 301 1.9510.54 | 1.20 | 2.38 4.64
0l |........ 7B (3 1 LT8 (1778 DR P, 01 (3) .36
02 .01 03 .01 A2 . 09 10 .07
16.26 | 10.62 | 6.99 ) 9.10 | 1.74 § 1.17 | 8.63 {25.72 | 9.63 | 16.39 9.38
45 .42 84 28§ .16 84 30 .51 36 56 41
eee] 2 1.39 .30 96 11.37]1.24 | 4.41 | 1.04 | 1.07 | 2.15; 5.97 3.50
Nervousshoek. ..... ) (G5 T OO 04 | W07 foeooofoeoifoeaidonnnns 81 ® o1
Abrasion withinfec-

Hon_....o...e... .05 L1i0 .33 04 0218 .09| .03] .08 .49 67 .16
Cut withinfection...| .57 |......oifoeiinaa]ieennns [0 1 PR PO () TN PR SN PSRN )
Laceration with in-

foction............ .06 .05 .02 97 .01 L05] .24 .12} .05 1.63 .02 .39
Puncture withinfec-

261 .01 02 [1) §
.07
.13
.81
.01
11,87
.01
(2)
.40
39.62

Total. . .85.25; 62.55 | 34,38 | 30.43 [24.08 |26.57 [11.98 iao.ss

1 The Bessemer department is omitted because the exposure is not sufficient to give satisfactory rates.
2 Less than 0.005.

The blast furnaces show the greatest severity (26.01 days per
10,000 hours’ exposure) for fractures, followed closely by the e]%c—
trical department (25.72 days). Crushing injury is most conspicu-
ous in the yards (45.77 days{. The reason for this is readily under-
stood when it is remembered that the duties of the yard employees
require them to work about and among moving cars on the railways.

s would naturally be expected in those departments which have to
do with heated metal, burns and scalds are of marked importance, as,
for exam;ile, in blast furnaces (18.67 days), open hearths (16.97 days),
and the electrical department (10.54 days).

NATURE AND RESULT OF INJURY.

Table 43 shows what is the final result, whether death, permanent
disability, or temporary disability, arising from the various sorts of
injuries.
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136 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 43.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE
AND RESULT OF INJURY.

BLAST FURNACES.

Nature of injury,

Death.

Permanent disabilities.

Loss of—
All
Total.
Hand|Foot; other.
Both | Both 5
eyes. | legs. Arm. | Leg. Eye. ogrelg;.}- tgé's.

Gr'nd
total.

Puncture
Burnorscald...............
Concussion. .................

Fracture.......ccoonevune...
Sprain or strain (not hernia)
Accidental dismemberment.
Nervousshock..............
Abrasion with infection.....
Cut withinfection...........
Laceration with infection.. .
Puncture with infection.....

Crushin| in'dry
Electriegsho’ck
Loss of teeth

Fracture. ...
Sprain or strain (not herni
Accidental dismemberment.
Nervous shock
Abrasion with infectio;
Laceration with infection
Puncture with infection.
Burn or scald with infection.
ﬁ[en}alia.‘ .....................
sphyxia...

Electric flash......
Crushinginjury...
Heat exhaustion....

...... .45
139 |...... 1.39

...... G 1o
051 .08 L10
O A ON EN .05 .05
..... .01 .01
J .01l .01
..... .08] .08
............ LOLf .01
..................................... 0L .01
.10 1 20.77
.................................... oL .01
Q] (‘;

4 a
9.03 | 62.55

1 Less than 0.005.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 137

TABLE 43.—~ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECK
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE
AND RESULT OF INJURY—Continued.

FOUNDRIES. *

Permanent disabilities.

Tems-
po-
Loss of— ,
Nature of injury. Death. oy (t};t;lf
All Total abil-
Both | Both |, Loz |E Haﬁll;i Footj other. *ities.
eyes. | legs, | AT | €8 (EYC. ogrets.- tgé's

Abrasion........covnevncen.. 0.99
Bruise. . ...cccieeiiiiiaa... . 2,31
Laceration.................. . 3.10
Puncture........c.c.ccen... .21
Burnorscald............... 7.01
Dislocation........cocooon.. .01
FPracture................ ... 10.62
Sprain orstrain (not hernia). .42
Accidental dismemberment. .30
Abrasion with infection..... .33
Laceration with infection.. . .02
Puncture with infection. .... .01
Burn or scald withinfection. .01
Eenﬁia. e (1. 22
sphyXia.......ccovvnnaa...
Electricflash................ .)01
Crushinginjury............. 8.80
Heat exhaustion............ )
Total....ooovveiiinnnnn. 34.38
Abrasion. . 0.11
Bruise. . 1.07
Laceratio; 1.62
Puncture.... .50
Burn or scald 4] .64 5.51
Coneussion. . .ooveeenennnnn JTE i i e e e e .01 .75
Distoeation......cooovneiaaeivnieceficaneeneienfereran]eneaifoenad]eanaaden i ii oL .03 .03
Fracture....... 2.95 |1 6. 99

Sprain or strain
Accidental dismemberment .
Nervousshock..............
Abrasion withinfection. .
Laceration withinfection. ...
Puncture withinfection.....
Burn or scald withinfection.

2 Rz gRRER

¢
10. 80
.01
Loss of teeth. R [0
Other........ eeeseeaneeee, .01
Total.........ooiiiiiaaa 30. 43
1 Less than 0.005.

71087°—22——10
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138 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 43.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
- FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE

AND RESULT OF INJURY —Continued.
PLATE MILLS.

Permanent disabilities.

Loss of—

-
Nature of injury. (ggt:l(.l
All A
other, Total.| ab
Arm, { Leg.[Eye.
0.15
2. 80
L0l
2,33
.17
?i 22
)
.08
t ceeneana 9. 10
Sprain or st (not hernia) .28
Accidental dismemberment. 1.37
Nervousshock,............. .07
Abrasion with infection .02
Cut withinfection........ Q)
Laceration withinfection. ... .01
Puncture withinfection. .. {. ... | ... oocdiiiii e e oo .68
Burn orseald withinfection.|.......[......[.ccoodooeic oo oo ceeeai oo doaaaas [C]
ilenﬁla-.....«...-......‘... ........... .
L1 < SNSRI JPPUUIN FUPOR SUSUUON MO MR SO DTS N FO o
it o R EX  TOOORN MU AU SRS ESURRN MR MPRRN HPS M P SO .)Ol
Crushing injury..... FORRRTN NOUDRIN NN MRS NI PRURL JODUE SR 1,67
Heat exhaustion............| 272 |...... .. oo e 2.73
Lossofteeth........oooo o oo ]ooc o den oo oo .01
Total..ooneeenennnaaa. 18,60 (oo foiiidereneafonaiifae ] 2027 10000 [oeLLl, 4.08 24,08
TUBE MILLS.
.................. 017
423
.02
3.39
.14
219
.78
.01
Fracture......... 174
Bprain arstrain (nothernia) . ..... [ .eeeofoeeeofoee e ool .16
Accidental dismemberment.{.......|..... oo o W88 LT ool 124 1.24
Abrasion withinfeetion.....| 178 |..... | ..o ool 1. 80
Laceration withinfection. ... .66
Puncture withinfection 1
Barn or scald withinfection. 1
Hernia........o...o..oo..... .05
Electricflash..._..._........ .01
Crushinginjury............. .82
Heat exBaustion 1,78
Other............... evaaan .01
Total.o.ooveeininnann... 26, 57
Abrasion.. 0.06
Bruise. 1.11
Lacerati 3.09

Dislocation.
Fracture. .. [
Sprain or st (not hernia)
Accidental dismemberment
Abrasion with infection. ...

Laceration with infection. . .|..

Hernia. ...ccvcvveieeencnnns
Crushing injury.............

11.98

1 Less than 0.005.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 139

TABLE 43.—ACCIDENT SEVERITY 'RATES (PER 1
FIED DEPARTMENTS IN THE IR
AND RESULT OF INY URY——Contmued
FABRICATING.

EXPOSURE) FOR SPECI-

INDUSTRY, 1015 TO 1919, BY NATURE

Permanent disabilities.

Tem-
I Bty Grnd
i ra; 'n
Nature of injury. L dgrslf total
Foot| other. |Total Tol-
or
toes.
Abrasion....ceevevniinnnaan.
Bruise...ccooviemieinninaenn
T
Laceration............. .00
rEaln i) o DO
Burnsorscalds.............
Dislocatlon ..................
Sprain or's:t};ﬁ Zﬁb't'ﬁéfﬁié') .
Accidental dismemberment .
Abrasion with infection.....
Cut with infection...........

Laceration with infection. . .

Burn or scald with infection. |.

Sprain or strain (pot hernia).
Accidental dismemberment.
Abrasion with infection.....
Laceration with infection. . .
Puncture with infection.....

Hernia..oocieineenanannn. .

Asphyxia. .....oooiiiiii
Electric flash................
Crushinginjury.............
Heat gustion............
Electric shock. ..
Lossofteeth................

1 Less than 0.005.
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140 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 43.~ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE
AND RESULT OF INJURY—Continued.

MECHANICAL,

Nature of injury.

Permanent disabilities.

Death.

Loss of—

Both
eyes.

Both
legs.

.| Leg.

Hand

Eye.

or fin-
gers.

Allr

other.

Total.| £
i

Gr'nd
total,

Sprain orstr:
* Accidentaldismemberment.
Nervousshock.. ...........
Abrasion withinfection.....
Laceration withinfection. . .
Puncture with infection.....
Burn_orscald withinfection.

0.06 |.
.24 0.

Fracture....................
Sprain orstram (nothernia).

Accidentaldismemberment.
Nervousshock..............

inginjury.....c.......
Heatexhaustion............
ElectricshocK...............

1 Less than 0.005,
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 141

TABLE 43.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE TRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE
AND RESULT OF INJURY—Concluded.

UNCLASSIFIED.
Permanent disabilities.
’(1‘em-
Loss of— Do~
ini rary [Gr'nd
Nature of injury. Death. ALl dési total.
Hand| Foot| ofher, | 1 0taL| 201~
Both | Both ities.
Arm.,|Leg.|Eye.lor fin-| or
eyes.| legs. i gers. |toes
Abrasion......oeeiavieiinifenanas 0.38
Bruise. . 2.10
Cut. ..o fiien 1)
Laceration. ....... R - X . .. . . . 2.37
Puncture......... A . RN I . . . 1.74
Burn orscald. .. R . RN 1 3 S . O S . 4.64
Concussion...... R N . (R R DR R .- O ) .36
Dislocation........ Jeecenen ) [ P e PR (A P .. R . .07 .07
Fracture....................| 6.48 .. L 5170.54 |- oo. a3 ceee | L1877 173 | 9.38
Sprain or strain (not hernia).i....... RN ) P PN R PR (i RN . .41 .41
Accidentaldismemberment.| .72 . 24 ... . . 4276 .02 3.50
Nervousshock....... P [ A .01 .01
Abrasion with infecti 1} .05 16
Cut withinfection... ol
Laceration with infec .03 39
Puncture with infection. .
Burn or seald with infection.
(511 SRR
Asphyxia.........
Electricflash......
Crushing injury...
Heat exhaustion. .
Frosted...........
Other.............
Total. .covnrericiiaannn.

1 Less than 0.005.

The highest death severity is due to fractures in a majority of the
departments, and most of them show a closely approximating
severity for crushing injury. .

A study of this table reenforces what has already been said with
regard to injuries of the eye as a quite serious matter.

n this and other tables Eertaimng to nature of injury it appears
that injuries complicated by infection are of comparatively small
importance. It should be stated that infection was not considered
unless it was evidently sufficient to prolong the disability or to give
rise to certain permanent disabilities which would not have occurred
without infection. This showing of the relative absence of infection
is highly creditable to the medical service of the concerns covered by

- this study, and represents a very great advance over the conditions
which prevailed earlier.

RESULTS OF INJURY BY YEARS AND DEPARTMENTS.

Table 44 presents, for such plants as reported in a form which could
be readily used for the purpose, the frequency and severity of acci-
dents in accordance with their results.
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ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 44.—ACCIDENT FREQUENCY AND SEVERITY RATES IN THE IRON AND STEEL
INDUSTRY, 1610-191¢ AND 19015-1919, AND BY YEARS, 1915 TO 1919, BY RESULT OF

INJURY.

FREQUENCY RATES (PER 10,000,000 HOURS' EXPOSURE).

Result of injury. 1910-1914 1 1915-1919 1915 1916 1917 1918 1919
Death.ooooiiiiiiniianiaaa.n. 3.87 3.54 2. 50 3.18 4.24 3.59 3.05
Permanent total disability:

Loss of—
Botharms........c.ccueeen .01 [N O DA D
Both legs.. .01 .04 020l .01
Both hands.. (€3 T I ¢ S PO S, N I SN PO
Both feet.. [ O Y 1 O ! .01 .01 .01
Both eyes.. . .04 .02 .01 .01
Allother....coocveuirnennasieenenann W02 fiiiiiifininnen... .02 .03 .04
Total..oceiiniininnnnnnnn .05 .10 .08 .05 .07
Permanent partial disability:
Loss or disability of—
17 .13 .03 .20 .15 .12 11
25 24 .17 .22 .24 .30 .23
.20 .11 .16 .24 .24 17
.30 .17 .10 .39 .37 .25
L7 .95 1.20 110 127 .68
.80 . 80 .86 .88 .84 .56
3.98 3.93 6.08 4.32 3.99 1.99
1% 3 ORI I PR .44 .58 .47
W13 1. ceeesanens .09 .2 .19
c0B foveieniicfoncnnnnnns .07 .08 .07
N1, PR RN .03 .05 .03
1) A TN FOR, ven .02 .01 .03
[ O O I .01 .02 .03
[ DN SN .02 .02 .03
.20 .34 .37 .31 .0
.35 . 56 .43 .24 .16
197 4.74 i.40 1.64 .68
9.96 14.46 10.20 10.25 5.77
10.03 10.75 14,56 10.28 10. 30 5. 84
210.26 205. 06 188. 235.75 210.18 185. 53
80. 97 78. 58 91, 45, 7 73.31 62. 83
38.62 38.29 44.71 43.71 35.77 30.83
23.65 2L.77 28 27.58 21.99 17.49
15. 39 12.99 18,74 17.87 13.77 12.71
27.62 25.84 83. 31.33 24.75 23.08
5.49 513 . 6.64 4.72 3.54
4.08 .20 . 460 7.18 2.54
i 377 S, 575. 45 406. 08 387. 87 413.14 463. 22 391. 65 338.25
Grand totaleeeo.voaeann... 592. 25 419. 63 401.12 430, 88 477.74 405. 54 347.14
Number of WOrkers......eeen.... 1,810,011 (1,836,305 | 168,884 | 166,638 | 410,852 | 892,360 | 249,323
1 Less than 0.005.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 148

TABLE 44.—ACCIDENT FREQUENCY AND SEVERITY RATES IN THE IRON AND STEEL
INDUSTRY, 1910-1914 AND 1915-1919, AND BY YEARS, 1915 TO 1919, BY RESULT OF
INJURY-—Concluded.

SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE).

Result of injury. 1910-1914 | 1915-1919 1915 1916 1917 1918 1919
Death...o.ovviviiiiiinennannn. 23.25 21,27 14.97 19. 08 25. 46 21 57 18.29
Permanent total disability:

Loss of—
Botharms.................. 05 01
Bothlegs.....coceeeecnaann. 09
Bothhands................. 02 01
Bothfeet.....c.ooovennae... .05 04
Botheyes..oceeeriaaanaan.. .15 W09 1.,
Allother.. .. ... o iiiifeniinnan .13 ..
Total.... eaeeeaeas .30 .39
Permanent partial disability:
Loss or disability of—
.62 48 .43
W71 . 89 .68
.94 .95 .70
.93 .88 .81
1.97 2.29 1.23
.53 . 50 .34
1.30 1.20 .60
.33 41 .35
A1 .27 .22
g . 1 .09 .10
Thumband 1 finger........Jcceceea. . .04 .06 .03
Thumband 2fingers.......|.......... .04 .01 .04
Thumb and 3 fingers.......[cccoooa..n .02 .03 .05
Thumb and 4 fingers..o.c..|oeeennn... .06 .04 .06
Greattoe...........ceeeunen .13 .11 .09 .03
Any 2toes... .19 .13 07 .05
All other.... 1.07. .70 .82 .34
Total...coooiiieiiiaanns 9. 42 8.65 9. 08 5. 86
Total, permanent dis-
ability................ 9.72 8.57 7.00|  10.08 9.15 9.33 6.3¢
Temporary disability, termi-
nating in—
Ist week.........c.eeiea... 1.05 W74 .72 .66 .83 .74 .65
2dweek........ciiiiaaan.. 1.20 77 75 .87 .91 .70 59
3d week. .. .. .86 60 59 .69 .68 48
4th week. . .65 51 47 .61 .59 A7 38
51 .52 .49 3 35
177 1.52 1.42 1.83 1.72 1.36 1.27
99 7 .74 1.10 . 68 51
09 ) 01 .08 12 04
7.11 5,42 5.05 6.29 6. 26 5.00 4,27
40. 08 35. 26 27.02 35. 45 40. 87 35. 90 28. 90
1,310,911 |1,335,806 | 116,224 | 166,646 | 410,852 | 392,260 | 249,323

i Less than 0,005.

This table presents the combined experience of two 5-year periods
and the course of events during the five years of the later period.

A notable feature of this table, perhaps the notable feature, is
the almost perfect uniformity with which the second 5-year period
shows a lower rate than the first. Whatever influences have been at
work have been of a kind which has a general effect on the accidents
giving rise to the various results.

The influence of the war period, discussed at length in another
chapter, is observable here in the rise in rates for each result, cul-
minating in 1916 or 1917, the rates thereafter declining.

There has been considerable discussion regarding the relative
importance of losses of parts of the upper extremities as compared
with the lower. In the first 5-year period the upper extremities
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144 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

showed a rate of 4.04 days and the lower of 2.27 days per 10,000
hours’ exposure. In the second 5-year period the figures are, for the
upper extremities 3.58 days and for the lower extremities 1.86 days.
This result is manifestly conditioned in part by the adequacy of
the time allowances which have been fixed for the various losses.
If those assigned to lower extremity injuries are materially too low
the disparity is greater than it should be. When, however, all
possible allowance is made for this factor, the greater number of
upper extremity losses would still make the severity rates for them
greater. That 1s, for a group of men losses of -parts of the upper
extremities are more serious, while the individual man may be
more seriously handicapped by loss of a leg than by loss of an arm.

THE DEPARTMENTS COMPARED.

Table 45 assembles for purposes of comparison the accident fre-
quency and severity rates for the several departments for the second
5-year period. ‘

TaBLE 45.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR SPECIFIED DEPART-

MENTS IN THE IRON AND STEEL INDUSTRY, 1015 TO 1919, BY RESULT OF INJURY.

FREQUENCY RATES (PER 10,000,000 HOURS' EXPOSURE).

Erec-
Blast Heav, Sheet- Fab- | Wire| Me- tion
: Open |Found28VYIplate| 20V imypef 2 Cof
Result of injury. | fur- : rolling |+ rollin; s ricat-|draw-| chani-|Yards.
naces. [Rearths.| ries. |hp > | mills. m.ills.g mills.| 515, | ing. | cal. Stslrgﬁ’
steel.
Death...oueneennnn. 7.1 6.7{ 31| 39| 22| 15| 16| 25| 0.8 30| 55! 20.1

Permanent total
d}s&bﬂity: Loss

Permanent partial
dgsabih‘ty: Loss
of—

.2 .1 [ N RN AP A0 @ .1 .1 .2 1% 2 PO .
.1 .2 .2 .6 .3 .3 .2 .2 .1 .2 L P,
.2 .4 .5 .4 .1 A ) .1 .2 .5 1.3
.3 .9 .2 .4 .2 31 .1 .1 .3 .7 1.3
11 .8 L5 .8 .6 .4 .5 ] 8.4 1.2 L0 2.2
.5 L1 .8 1.4] 1.0 51 L0 .81 1.0 .8 -9 1.8
22|, 4.4 4.5 52! 3.6 291 40} 37| 7.6 4.2 5.5 4.9
3 .4 .9 .5 .3 .2 AL M .1 .3 13- 30 OO
.1 .1 .2 .1 DA Ad00@) .2 .2 12 20 RN
.1 1 N5 PO R Y P P O] [ S PO

fingers.......
Thumb and 4

Any 2 toes......
All other.......

Total, per-
manent
disability..] 7.3 12,1} 10.81 12.8 | 8.4 57} 7.2 6.5,20.5} 10.5| 16.3} 15.6

1 Less than 0.05.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 145

TABLE 45.—~ACCIDENT FREQUENCY AND SEVERITY RATES FOR SPECIFIED DEPART-
MENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY RESULT OF INJURY—

Continued.

FREQUENCY RATES (PER 10,000,000 HOURS’ EXPOSURE)—Continued.

Erec-
. tion
Blast Heavy Sheet- Fab- (Wire | Me-
i Open |[Found- - Y i Plate |- 0T L Tube| N of
Result of injury. | fur- f rolling|” rolling! -+ ricat- [draw- |chani- | Yards.
ances. [earths, ries. |y =omdlls.| o Simills. 1 pe ™ Cing. | cal. shruc:
steel.
Temporary disabil-
ity, terminating
n-—
1st week.......] 177.9 | 218.4 | 360.4 | 144.1 {157.5 { 151, 2 [106.8 {333.7 221.8 | 192.7 | 170.6 | 371.8
2d week........ 76.1 89.51 99.6 | 61.4164.0| 92.843.8 |104.3 { 99.6 | 67.4 | 67.7°| 101.2
3d week........ 37.1 50,4 52.8%1 31.1132.7| 43.5{21.3|40.8(44.4 29.7] 27.8 56.6
4th week....... 21.1 3.5 32.3| 20.0124.7} 21.7}17.0124.7 255 20.1]| 18.9 | 35.7
5th week....... 16.2 2411 20.5-] 156.1}116.3¢ 12.6110.3 ] 14.9114,6 | 13.4| 122! 24.5
6th-13th week..| 25.0 39.6 | 81.2| 25.8|26.5| 21.1|17.7|27.7(24.7| 24.8] 28.7! 62.9
14th week and
later.........| 5.7 9.4 4.3 71| 4.4 401 3.0] 48] 4.9 4.6 6.3 | 18.7
All other...... 2.5 1.8 7.9 L1l 2.3 1.1 i .2 . 1.1 3.1 1.8
Total........| 361.6 | 464.7 {1 608.1 | 305.7 {328.4 | 348.0 |220.6 |651.1 |436.1 | 353.8 | 335.3 | 673.2
Grand total..{ 376.2 | 483.5 | 622.0 | 322.4 {339.0 | 355.2 |229.4 1564.1 {457.4 | 367.3 | 357.1 ‘ 708.8
Number of workers. .1123,669| 72,271 180,029 162,957 130,505\121,3856\71,216|77,078(61,967:137, 257)47 ,685 I 7,477
SEVERITY RATES (PER 10,000 HOURS' EXPOSURE).
Death.. ..ooo.o.... 42,7 40.4 | 18.5 | 23.8}12.9 89| 9.8114.8 l 4.6 1 18.1 | 32.7 ' 120.4
Permanent total
d%sability: Loss
of—
Both arms
Both legs
Both hand
Both feet.
Both eyes.
All other.......
Permanent partial
d}sability: Loss
of—
larm.......... .9 .4 I 2 PR .4 .2 .3 .3 .8 144......
lhand......... .4 .7 .6 1.9 1.0 .8 7 .6 .2 .7 1.7 eeaoos
lleg...coo.... 1.0 L5 2.0 L5 .4 Y- 3 N, .2 .3 .7 2.0 5.3
1foot.......... .6 1.0 .6 1.0 3 7 .1 .2 .2 i 1.7 3.2
leye....cc..... 2.0 1.5 2.6 1.4 1.2 .6 91 L2} 6.1 2.1 1.9 4.0
.3 7 .5 .9 ) .3 .6 .5 .6 .5 .5 1.1
.6 1.3 1.2 1.6 [ L1 .9 L2 L1} 23 1.3 1.6 L5
W2 .3 .7 .4 .2 .2 B M [O) .2 P N
.2 .2 .2 .1 .1 ) .1 .1 .2 .3 I T P
.1 S U DR O D B T PN P vernas| M 2.
@ b al oar g, U TS U I S
[C NN RPN PN N [ TN PRI R, U PN FE, N
............... 1% N P SO 1S N RN RN PR N O ] I 3 I
fingers. .._... [ U PO PR SO I T N [ T U SR .1 W2 el
Great toe- @) .2 .1 B T AT o .1 .1
Any 2toes..... .1 .3 2 .1 1 .1 .1 .1 .1 .1 2
All other....... .9 1.0 .6 1.0 .5 .2 .2 .2| 3.6 1.2 2.3 1.6
Total, per-
manent
disability. . 8.6 10. 4 9.9 10.6 } 6.2 50| 47| 49140 9.0 149 17.5

1 Less than 0.05.
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146 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 45.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR SPECIFIED DEPART-
goENng ({N THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY RESULT OF INJURY—
ncluded.

SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE)—Concluded.

Erec-
3 tion
Blast Heavy Sheet Fab-| Wire| Me-
. Open [Found-| 57" Y| Plate o | Tube| & © of
Result of injury. | fur- A rolling|, + rolling ricat-|draw-| chani-| Yards.

JOIY- | ows, [heaxtos.|” ries. |00 EE mitis. |1l mills. GEO |G Ol struc.

steel.
Temporary disabil-
ity, terminating

0.6 0.8 1.5 0.5| 0.6 0.5] 4] L2| 0.8 0.7 0.6 1.3

.7 .9 .9 .6 .6 .9 .41 L0 .9 .6 .6 1.0

.6 .8 .8 .6 .5 .7 .3 .6 .7 .5 .4 .9

IO .5 .7 T .4 5 5 .4 .5 .5 .4 .4 .8

5th week._...... .4 .7 6 .4 .4 .3 .3 .4 .4 -4 .3 T

6th-13th week..; 1.4 2.2 1.7 .41 L5 L1 L0y L5 1.4 1.4 1.4 3.5
14th week and

later......... .8 1.3 7 1.0 .6 .6 .4 .7 .7 .7 .9 2.7

Al other....... (O] o BRG] m m ™ M ) @ ®

Total........ 5.0 7.4 7.0 4.9 4.7 4.2 8.2( 59 5.4 4.7 4.6 { 10.9

Grand total..| 56.3 l 57.81 35.4| 39.3123.8) 18.1117.7|25.6{24.0| 31.3{ 52.2| 1488

Number of workers. . 125,669i 72,271 | 80,029 62,957/30, 605181, 35671,21677, 078'61,987 197,267| 47,685] 7,477

1 Less than 0.05.

The most cursory examination of this table would undoubtedly
impress the observer with the extraordinary rates shown for the
erection of structural steel. This is discussed at length elsewhere.
1t is pertinent here to note that this is due not only to the many
deaths but to the fact that in all the results scheduled these workers
suffer to an unusual degree.

The main impression arising from close study of the table will be
that the different types of industrial activity are not so different in
the distribution of their cases among the several forms of result as
might be expected. In some departments certain results are clearly
characteristic, such as, for example, the loss of an eye and of a finger
in wire drawing. The eye losses are due to the tendency of the ends
of wire to fly around in a whiplike manner, while fingers are from
time to time tangled in the moving strands. Aside from a few such
conspicuous instances it would appear that the distribution among the
different sorts of result is surprisingly constant at whatever level is
characteristic of the department.

A comparison of the frequency and severity rates will show that
with great constancy the cases terminating in the first week, while
much more numerous than those extending into the second week,
are not sufficiently so to equal the longer disability involved in cases
running into the second week.

THE DEPARTMENTS IN DETAIL.

Table 46 gives the severity rates for all the important depart-
ments by results of injuries. The number of cases involved and
frequency rates will be found in Table 8, pages 349 to 354, and Table
11, pages 374 to 384.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 147

TasLE 46,—~ACCIDENT SEVERITY RATES PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRO D STEEL INDUSTRY, 1910-1914 AND 1915-1919,
AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY.

BLAST FURNACES.

Result of injury. 1910-1914 | 1915-1919| 1915 1916 1917 1918 1919

Death....oiiiiiiiiiiiiiiiiiiieiiaens 52.0 42.7 35.4 30.9 43.6 56. 4 35.4

oth arms
Bath legs..
Both feet. .
iBoth eyes

)
3.2
8.6 9.7 91| 101 7.3
L0 .6 .6 .6 7 .6 .5
12 7 .6 .8 -8 .8 6
1.0 N .5 7 7 .8 .4
.7 5 -3 .6 N 5 '3
.6 4 .3 .6 '5 .4 .3
2.1 Le| 11| 15 15| tse 10
15 8] 10| 1s 8 Lo 4
2 @ L) 1 gl
8.3 5.0 44| 64| 55| 5.6 3.6
Grand total..........coooenenen.... 70. 4 56.3| 44.8| 47.0| s8.2| 721| 46.2
Number of Workers..........ccoeneennn.. 124,636 | 123,669 | 10,781 | 14,905 | 86,202 | 81,504 | 29,987

BESSEMER DEPARTMENT.

Death..ooiiiiiiiiiiiiiiiiiiiiiiiaen .- 39.9 44.5 12.7 63.9 66.9 38.9 25.3
Permanent disability: Loss of—
£. 1.9
.7
3.1
.6
1.3
.2
.2
.1 .2
3 .3
[] 2.1
12.2 10. 6
1.4 .8 .9 1.9 .9 .6 .5
1.9 1.0 .7 1.4 1.3 1.0 .5
1.5 1.1 1.0 1.4 1.3 .8 .6
1.3 L0 1.0 1.3 1.3 .9 .4
1.0 .9 1.0 1.1 11 .7 .4
6th-13th week. .. .. 4.0 3.0 2.7 3.9 4.2 2.4 1.6
14th week and later. . L5 1.6 .8 1.8 2.2 1. 1.1
AN Other. cveereercraeennananeennns .1 (G T OO ) 1) M O]
Total.. .ooiririiiiiiiiaaaaaean. 12.7 9.4 8.1 1.8 12.4 8.3 5.1
Grand total..............ccoianaa 64.8 64.5 3L.6 96. 2 90. 8 57.9 3L2
Number of Workers.c...oveeniernnecnnnn--. 28, 101 21,657 | 3,160 4,001 | 6,979 | 3,696 4,751

1 Less than 0.05.
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ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLE 46.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-

FIED DEPARTMENTS IN THE IRON AND ST
AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY—Continued.

OPEN HEARTHS,

EEL INDUSTRY, 1910-1914 AND 1915-1919,

Result of injury.

1910-1914

1915-1919

1915

1916

1917

1919

Permanent disability: Loss of—
Both feet.
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7
1.3
[ 3 PO PR PO I U | I MR,
157 PRSI FORIIN FES RN : 3 RO,
.1
.2
Any 2 toes -3 IS 3 R O S ) S
Allother.........cooiviviienianinaas 1.6
Fotal....oooiiiiiiiiiiiiiiiii 10. 4
Temporary disability, terminating in—
1st week. 1.3 .8 .8 1.2 .8 .8 W7
2d week. L5 .9 .8 L5 .9 .9 .6
3d week . 1.1 .8 .8 1.5 .8 .8 .5
4th week 1.0 .7 .5 L2 .8 .8 .4
5th week. ... .7 .7 .7 1.3 .7 .7 .4
6th-13th wee. 2.5 2.2 1.7 4.2 2.5 2.2 1.6
14th week and late 1.4 1.3 1.1 2.8 L7 1.3 7
All other .1 O] O] (O] ) .1 )
Totalce e er e iiiieaaiiaianaas 9.6 7.4 6.5 13.7 8.2 7.6 4.9
Grand total.........ooooiiiiiaL. 61.6 57.8 41.0 67.2 60. 2 71.8 51.8
Number of workers...o.coeeeevnieiana.. 71,293 72,971 | 6,969 | 9,654 | 21,457 | 20,681 | 14,510
FOUNDRIES.
Death. .ooiiiiiiiiiiiii et 17.5 18.5 [caeenans 16.2 28.3 13.7 8.9
Permanent disability: Loss of—
Both [ 2% PRSI RN
arm .4 I 3 PO,
1 E:1 i 1 DR onp I 35 SR 3 PR PR .9 1.5
1leg 2.1 2.0 2.0
1 foot 1.0 1 3 PO,
1eye 1.9 3.2 3.6
1 thumb. .6 .4 .3
1 finger 91 - 1.6 1.2
2 fingers .8 .6 .8
3 fingers [ 3 PO .3
Thumband3fingers. ..........o.o.ofeeeeece ] L heeciii i i deicei i inneao s .5
Great toe .2 S W RN,
Any 2 toes. .1 .1 .2
All other .9 .4 .4
Total 9.9 10.2 10.4
Temporary disability, terminating in—
1st week 1.3 L5 .5 .5 LS 1.2 1.2
2d week......... 1.0 .9 .5 .8 11 9 .8
3d week .8 .8 .6 W7 .9 .8 K]
4th week .6 7 7 .8 N 7 .8
5th week .5 .6 .2 .6 .6 .6 .5
6th-13th w .2 1.7 1.4 3.1 1.8 1.8 1.4
14th week and later.. 1.3 [ TR .8 .8 .4 .6
AllOther. couverennnenencnarianacanens .1 IS 3 PO SR .2 .1 )
Total.cveenemerneiriniianiiiinnnns 5.8 7.0 3.9 7.3 7.8 6.5 5.7
Grandtotal......ooviiininininnnns 33.7 35.4 5.5 20.7 45.8 30. 4 25.0
Number of workers....c.veveeavneceeaanens 95,917 80,029 | 1,309 | 1,281 | 81,805 82,186 | 18,498
1 Less than 0.05.
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TABLE 46, —ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE TRON AND STEEL INDUSTRY, 1910-1914 AND 1915-1919,
AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY—Continued.

BAR MILLS.?

Result of injury. 1910-1914 | 1915-1919| 1915 1916 1917 1918 1919

Perriaa.nent disability: Loss of—

1thumb.
1 finger. .
2 fingers.
Great toe..
Any 2 toes.
Allother.....c.covmiiniiiieinnnnnn

17 RN R 8.4 6.7 10.5 9.7 8.1 5.1
Grand total..e.eoieiienenenianneefoieaiiien 35.6 19.2 39.8 41.4 54.2 15.4

Number of Workers .. ..oeoavvecenearnsenen. [, 20,992 | 8,232 | 8,042 | 7,472 8,439 3,807

.8 .5 .5 .5 4 .6 8

.8 .6 .4 .6 7 .6 6

7 .6 .4 .6 .5 1.0 5

.6 4 .4 .5 .5 .5 .4

.5 .4 .3 51 . 4 .5 .4

. 1.8 1.4 1.0 1.8 1.6 1.3 1.4

14th week and later.......c.ccemuenee. 1.2 1.0 7 1.0 1.3 11 .9
All other....... .1 ) [ T P O] ) .1
Total...ovvniniinnieiiiaiens O 6.5 4.9 3.8 5.4 5.5 5.5 5.2
Grandtotal.......coiciiiiiennnnnnnns 36.4 39.3 41.5 32.0 44.3 48.0 33.4
Number of workers. ... ...cccevneinanennnn 67,668 62,957 | 7,148 | 10,076 | 20,530 | 13,788 | 11,416

1 Less than 0.05,
2 Data for 1910-1914 for bar mills not available.
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150 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 46.—ACCIDENT SEVERITY RAT'FS PER 10,000 HOURS’ EXPOSURE) FOR SPECT-

F%{E!}) DEPARTMENTS IN THE I D STEEL INDUSTRY, 1910-1014 AND 1015-1919,
A BY YEARS 1915 TO 1919, BY RESULT OF INJURY—Continued.
- e PLATE MILLS.

Result of injury. 1910-1914 ] 1915-1919] 1915 1916 1917 1918 1919
Death..oocnieiiiieiiiiiieiaeiiaivaaennn 17.5 12.9 9.6 12.8 11.8 10.8 18.2
Permanent disability: Loss of—

Bothfeet.......ooooiiiiienniniaead W9l
larm... ... L2000
1hand.. 1.0
1leg.. .4
1 foot. .5
leye... 1.2
i umb. . .8

finger. 1.1
2 fingers. . .2
3fingers.......... .1
Thumb and 1 finge: .1
Thumb and 4 fingers. .3
Great the..covveeonmucieancnnneacaanns 1 .1
Any 2 toes . .en .3 .1
Alother....ooooviuiimiiiiinnan, .8 .5

Totaleeeone i, 1.2 6.2

Tempomry disability, terminatingin—

Istweek....oooooioniiiiiill .8 .4 .7 .6 .5
2dweek.. 1.0 .7 W7 .8 .6
3d week. . .8 .4 .5 .6 .5
4th week . .7 .6 .8 .6 .4
5th week.. . .5 .6 5 .5 .4
6th-13th wee 3.8 1.8 1.5 1.6 1.3

14th week and later. 1.1 .3 . .8 .7
All [11:S (O] [ € T PO 1% 1 PR

Total. ..o 8.2 ! 4.9 5.3 5.4 4.4

Grand t0tal.eee s neeeeerenannnnnnn. 369 28| 17.8] 2.0| 25.0| 220 27.1

Number of workers...............coe..... 21,711 ‘ 30,505 ’ 2,086 l 4,681 ) 6,764 | 9,302 7,672

PUDDLING MILLS,

Number of Workers e ..uevenneeneeanannn.. 18,788 7,600 l ........ l ........ 4,129

759

! Less than 0.05.
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TapLE 48.~ACCIDENT SEVERITY RATFS {PER 10, HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND 3TEEL INDUSTRY, 1910-1914 AND 1015-1019,
AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY—Continued.

ROD MILLS.?

Result of injury. 1910-1914 | 1615-1819 | 1915 1916 1917 1918 1919
3011 PP (D, 175 [oiiifeeeannn 28.3 30.8 9.4
1520 S T 4.1 ........
1.6 1. 3.2 it 3.7
3.6 4.8 1.8 5.6
.4 Al .9
1.1 1.6 .6 1.4
I R P R P 1.9
. .2 .2 I 3 N
ANy 2t06S .o iuiii it e .2 .2 - 3 P
Allother. ... ...t 3.4 2.0 2.8 8

11.6 12.5 9.7 11. 4
.6 .6 .5 .8 .5 .3
.9 .8 .9 1.1 .9 .5
.5 .6 .6 .6 .7 .3
.6 .3 .6 .8 .5 .5
.3 .5 .3 .4 .5 -1
.- 1.6 2.0 1.5 1.1 1.7 2.4
14th week and later.. ceee .6 .7 .6 .6 .7 .7
Alother. . .coeioiiiioiiii ... () feeei]ee .2 M)
) U AP 5.3 5.4 49! 54 5.6 4.8
Grandtotal........coooieiioeiiiiii]ienaaat, 34.4 12.9 18. 4 46.2 l 46.1 28.6
Number of workers.....oooiiiiiriiaeanii]eannennnnn 14,894 | 2,062 | 2,493 4,951 \ 8,249 2,139
SHEET MILLS.
1
07T ) « B 13.5 8.9 8.6 | 10.5 ] 12.2 3.5 3.5
Permanent disahility: Loss of—
Bothhands....cevecvinenacania... .2 .

'l‘huzgnb and tfinger_........._........

ottt et et 1D Q0 ©0 00 O O ST O

Thumb and 2 fingers
Thumb and 3 fingers .
Great t08. . oovveneenennniiaianaaiannnn . O]
ANY 21005 «coeemiiiieaaaiaaaeaaans . . . B N0
Alother ..uoeoiiiiiii e, O]
B 1 71 SN 6.4
Temporary disahility, terminating in—
15t week......... TS 1.0 .5 .8 .5 .6
2d week .............................. 1.2 .9 1.0 1.0 1.0
Bdweek...ooooiiiiii i .6 .7 .7 .8 W7
dthweek. ... ..o, 5 .5 .5 .5 .5
Sthweek....ovmeerieiiaiiiiiinnnnnns .4 .3 .4 .4 .4
6th-13th Week ........................ 1.1 7 1.1 1.4 .1
14th week and later.................. .9 .6 .8 .5 .7
Allother. ... .oiiiei ... ) (€3 T PO S )
V) PR 5.7 42| 51| 52| 42| 21| s1
Grand total. ... .oeeneiii . 2.4 181] 16.7( 22| 27 10.5{ 1.5
Number of workers........................ 128, 423 I 121,355 | 16,268 ] 24,728 | 46,040 1 17,278 ] 17,049

1 Less than 0.05.
2 Data for 1910-1914 for rod mills not available.
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TABLE 46,—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-

FIED DEPARTMENTS IN THE IRON A

AND BY YEARS. 1915 TO 1919, BY RESULT OF INJURY—Continued.
TUBE MILLS.

D STEEL INDUSTRY, 1910-1914 AND 1915-1919,

Result of injury. 1910-1914

1915-1919

1915

1918

1919

Thumb and 1 finger.

Thumband4fingers........cocoovifacenenaeedd Wl iiiiiiderncaadd A feeiiiii]enenenn.
Great t00.......... [ N PO
Any 2 toes .. T R
Allother...... -1 .3
7 R 4.2 5.9
Temporary disabilit termmatmg in—
15% woak. v .7 .4 .7 .3 .2
2d week . 9 4 .6 .4 .3
3d week .7 .3 .4 .3 .3
4th week .5 .4 .4 .4 .4
5th week. . . . .4 .3 .3 .2 .3
6th-13th wee! 1.2 1.0 1.2 .9 .8
14th week and ] .8 .4 .4 .3 .4
All other. . *) Q) ®) O] )
Total..... 5.0 3.2 4.0 2.9 2,7
Grand total 210 177 2.5| 15.7| 147
Number of workers.... 78, 338 l 71,216 | 7,109 | 11,356 | 19,819 l 18,500 ‘ 14,438
MISCELLANEOUS ROLLING MILLS.
Death..oorreiiiiiiiiiiiiaiicaiiiaean 17.0 ' 10.5
Permanent disability: Loss of—
oth legs I 2 P
larm......... 1.2 .7
1hand........ 9 .6
1leg... 3 .31
1f{oot.. 0 .4
leye.. . 2 1.3
1 thum .9 .5
1 finger 7 1.1
2 finger: .3 1.
3 fingers .1
4fingers........... %
Great toe.......... 1 ay
Any 2 toes .2 .1
All other. . .7 .1
10. 4 6.2
1.1 .8 .7 .6 .8 .8 .7
1.7 .8 .7 W7 1.0 .7 .8
1.3 .6 .6 .6 .8 N .5
1.0 .5 .4 .6 7 .4 .3
.8 .5 .2 .5 .6 .4 .5
2.4 1.7 1.1 2.2 2.2 L5 1.4
1.0 .7 .4 1.5 7 .6 .6
.1 W2 )eeianan (O] 4 .1 .1
Total.cei i iiineiiiieiiiniiananas 9.4 5.8 4.1 6.2 7. 5.1 4.8
Grand total............ocoooenna. 36.8| 22.5| 18.6| 20.7| 225| 225| 220
Number of workers.......ceeeeeeiicacannn. 98, 809 i 80, 380 ‘ 4,867 | 8,082 | 24,811 | 29,188 | 13,932

1 Less than 0.05.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY. 153

TABLE 46,—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1610-1914 AND 1915-1919,
AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY—Continued.

FABRICATING.
Result of injury. 1910-1914 | 1915-1919 | 1915 1916 1917 1918 1919
.5
. . .8
Tthumb... ..o e .5 1.0 1. .3 .4 .8
Tfinger. . .....ooiiiiiiiiiiiiiiiiiideriiniiias 1.1 2.1 3.4 .3 .3
Pt 1 S RPRY SO [ R PRI SR PO N .2
3 31105 o PN PN S N R A PR R, .3
Greattoe................ ceeeeaes 2 I 1 I .2 ()] .1 .2
Any 2t0€s......oiviiiiinn..t .1 .1 Bl E O P
Allother. .. .ivveiriiiiiiniannennnnn 4 .2 .4 1.0 3 PP .1
J X0 7 ) O 6.0 4.9 5.9 7.0 5.7 4.5 3.6
Temporary disability, terminating in—
1st week 1.6 1.2 W7 .6 1.2 13 L1
2d week 1.5 1.0 .7 1.1 1.1 1.0 .8
3d week 1.0 .6 .5 .9 .8 .5 .5
4th week W7 .5 .5 .9 .6 .5 .4
5th week .6 .4 .5 .7 .6 .2 .4
6th-13th week 1.9 1.5 2.1 2.1 1.7 1.4 1.1
14th week and later... .7 .7 1.5 2.2 .6 .5 .5
Allother....coveiveiiiiiiiiiaaaan.. ®) () T PO, P (€ N PO @
Total. .ooeniiiiiiiieieaiaai e, 8.0 5.9 6.6 8.5 6.6 5.5 4.9
Grand total...........o..o....l. 31.3 | 25. 6 28.2 43.7 30.3 l 24.4 14.9
Number of Workers. cooveemireeeineinnnn.. 108,538 | 77,078 | 8,818 | 4,980 | 23,382 . 29,167 | 15,732
FORGES.
j07-7:7, D 25.6 1.3 |oaenaas fevenanns 14.7 6.2 32.5
Permanent disability: Loss of—
Bothlegs...... e 1.9 T8 Jeveeaifennnnnan
hand.... I T R R L6 {ee.....
ileg....... 1.3 4.9 {ooeiifonnaaas
1foot...... ) R 2.5 foeiennnn
leye...... L7 4.4 [ 18 P
1 thumb.. S i PO AP s I N P
1finger... 1.1 2.6 .6 .8
2 fingers. . 7 1.8 I 3 SN .
3fingers......... F 5 T N 30 PN
Thumb and 2 fingers .5 | R PR PO
Greattoe.......... .1 D 2 O IS
Any 2 toes.. -
Allother.............cooiiiiiiiii..
Total. .o,
Temporary disability, terminating in—
156 woak v iy .9 15 .9 .7
2d week 1.6 9 1.6 .7 .5
3d week. .. 1.2 6 1.0 .5 .5
4th week. . i 7 1.3 .6 .1
5th week...... .4 .5 .9 .4 .3
6th-13th week..... 1.2 1.6 3.1 1.1 1.0
14th week and later. .. .6 .6 1.2 .4 .4
Allother....coveiieioneiinnnennannns .2 (€ T P U O P U PORR
Total.. oo iiii e annt 6.8 6.1 .. ..... 2.2 10. 7 4.7 3.6
Grand total...........coiivinenn... 38.0 30.1 |........ 2.2 48.5 21.8 36.9
Number of Workers. ...oeveeeeeneenannnnnn 6,249 10,677 |oeeeen.s 209 1 2,728 | 6,408 1,232

1 Less than 0.05.
71087°—22———11
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154 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 46.—ACCIDENT SEVERITY R
FIED DEPARTMENTS IN THE I

ATES

AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY--Continned.
WIRE DRAWING.?

PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
RON AND STEEL INDUSTRY, 1910-1914 AND 1915-1919,

Result of injury.

1910-1914

1015-1919 1915 1916

1917 1918

Ll
*

3
2
3
.2
6.1
.6
()2.3
1 .
2
.1
Any 2toe -1
All other. . 3.6 .8
14.0 . 9
.8 1.6 1.1 .7 4 .3
.9 1.5 1.5 .9 .5 .3
7 1.0 .9 .7 .5 .4
.5 .7 .8 .6 .3 .4
.4 .5 .5 .5 .3 .2
14 1.4 1.3 1.3 1.2 1.6
.7 .9 .3 1.1 .8 .2
@ eeeeaan ® O] ) )
5.4 7.6 6.4 5.8 4.2 3.4
24.0| 25| 37.4] 20.0| 221 13.3
51,967 | 7,859 | 9,651 l 18,727 | 12,767 | 8,078
ELECTRICAL.
Death. oot 45.8 53.9
Permanent disability: Loss of—
larm....oooiiiiiiiiiiannn. 3.7 1.0
1 han 1.4 .8
1leg. .9 1.0
1 foot 1.1 1.2
teye.. 1.7 1.4
Tthumb. . ... ... . ... .3 21... ..
ifinger. . ....o... ..ol 1.4 1.3 3.7
2ﬁngers ............................. P 2 PSR F
AABOrS. .. ..ottt .
Thumband ifinger.................|o.oooaie
Thumb and 3 fingers. ..... ensaeneaan
Greattoe....ocuenenaan... .1 P T P P
4 [ ) I PR
.6 P T DO
11.6 8.8 1.8 3.7
.9 .8 .6 .6
.9 .9 .3 .5
.6 .5 .2 .4
4 .5 .2 .2
.3 .5 .1 .5
1.4 1.7 .6 1.2
.9 2.0 .1 .4
Allother...oaeveeraeeriinvnnennn... O] [ TN P FORPN
Total..euenaenaeccnneonaraanaaans 5.4 6.8 2.0 3.8
Grand total.........c.coiiiiiaannn.. 62.8 92.8 | 36.9 65.5
Number of WOrkers.......ccoeeveneennnnn.. 14, 481 4,385l 8,801 | 2,555
1 Less than 0.05.

2 Data for 1910-1914 for wire drawing not available.
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VARIOUS RELATIONS OF LOCATION, ETC., OF INJURY, 155

TABLE 46.—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1910-1914 AND 19151919,
AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY—Continued.

MECHANICAXL DEPARTMENT.

Result of injury. 1910-1914} 1915-1919 | 1915 1916 1917 1918 1919
Death. . ooviriiriiiiiiniiiiceeiennnan 21.0 8.1 10.0 10.6 25.8 14.5 23.5
Permanent disability: Loss of—
Bothlegs. . voeemieiiirceaiancicaeiafocnaiannns dleiaand] L2 iiiiiiideciieifercannnn
tarm.... .4 Bl 24 L24........ 1.2
1 hand .9 7 .3 .4
1leg... .8 nEN .9 .6
1foot.. .5 ER .8 .3
leye.... 2.9 2.1, 2.8 .8
1thumb .6 .5 .3 .4
1 finger. 1.8 13 .9 .7
3173 o TR AP .2 . -3 .2
BADPOIS. .o 3. .5 .5
L0 10 o RPN Py ) . .1
Thumband L finger........coooeeiii]eeveaanns 10 .1
Thumband 3fingers. ........o.ooicifoveiiianns (O] . .1
Thumb and 4 fingers ) . .1
Great too.. .1 (O] R M)
Any 2 toe .2 1. .1
All other.. 1.4 1.3 .8
Total.... 9.6 9.0 6.9 6.1
Temporary disability, terminating in—
1st week. 1.1 W7 .6 .8 .9 .5 W7
24 week 1.3 .6 .6 .8 1.0 -4 .6
3d week . .9 .5 .4 .6 .7 .3 .4
4th week T 4 .3 .6 .7 .3 .4
5th week . . .5 .4 .2 -6 .6 .2 .3
6th-13th week . 2.0 1.4 1.2 1.7 2.3 .6 1.6
14th week and late 1.2 1 .6 1.1 1.3 <3 .4
Allother.......... O] Q) (O] Q)] ® O] (O}
A7 SR 7.7 4.7 4.0 6.3 7.6 2.6 4.4
Grand total.......ooooomenioniai.n. 38.4 3.3| 20.5| 31.6] 438 240| 340
Number of Workers........o.oooveaunnnn. o7,162 | 137,257 | 5,987 I 16,920 | 83,328 | 68,008 ' 23,019
POWER DEPARTMENT,.
Death. o iimiiiiiceiiiceccnrciaann. 14.8 19.8
Permanent disability: Loss of—
oth eyes..... 2.5 |eenennnnss
Thand..eeeeiiiiiieeiiiiiiiianai il
3.3 1
....... 3
1.7
"""" i 1 ISR
.2
Total.c.covennnn Geaciceacacacarancss 8.3 6.2
Temporary disability, terminating in—
1st week .4
.4
.4
.2
.2
.8
.5 . .
O] Q) e
Total. et iieeaaiiiiniaaaneanns 2.9 2.2 1, .2 5.8 2.2 1.7 1.9
Grand totale..ereneeniiiaiiaiaa.. 26.1 28.2 .27 16.1| 30.3) 41| 1.9
Nummber of WOrKers ... ..o ueeeeeeenennnnns 8,083 1 11,099 196 630 | 3,837 ' 3,368 ‘ 38,021

1 Less than 0.05.
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156 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 46.—ACCIDENT SEVERITY RATES
FIED DEPARTMENTS IN THE TRON A

AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY—Continued.
YARDS.

PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
D STEEL INDUSTRY, 1910-1914 AND 1915-1919,

Result of injury.

1910-1914

1915-1919

1915 1916 197

1918

1919

Thumb and 3 fingers...........cooiiifovnennnnn
Thumb and 4 fingers....c..coeeeeeecifoeenannnes
Great toe..........
ANy 28068.cuciiencinniieniieninenas] 3| 2}ie.ia...
All other......
TOtALe e enenenenlieeieaieenaenanns 12.6 14.9
Temporary disability, terminating in—
1st week. .9 .6
2d week. . 1.0 .8
3d week. .. .7 .4
4th week . . .5 .4
5th week .5 .3
6th-13th week 1.8 1.4
14th week and later.. .9 .
All other (O] [ TR P
Total 6.3 4.6
Grand total..... ... ... .oi... 58.9 52.2
Number of workers.......coooeivveienenan. 56,938 | © 47,685
COKE.
Death. .o iiiiiiaie i, 40.7 310 {........ 45.6 57.8 24.4 18.4
4.0
.8
3.0
1.8
1.8
.2 2
.7 7
veur 7 PR RO PR I PO R .
sefeeeen B
Any 2 toes. . .2
Allother........o...oooiviiiiiiiia. 1.3
L 13.9
Temporary disability, terminating in—
Istweek.....oooiiiinii s .8 4 .6 .5 .5 .3 .4
© 2d week. .. .7 .5 .3 .2 .6 .6 .4
3d week. .. .5 .3 .2 .3 .4 .2 2
4th week . . .4 .2 .4 .3 .3 .2 .2
5th week...... .5 2 .3 2 2 .2 .2
6th-13th week..... L5 .7 .6 .9 .8 .6 .8
14th week and later.. . 1.1 .6 .3 1.3 .7 .6 .3
Al other. .. cooiuiaiiiiienonracanannn .1 m .1 .1 (G0 T PR PN
o X117 5.6 2.9 2.7 3.8 3.5 2.7 2.3
Grand total....cciieiiieinniennnn. 60.2 38.7 8.6 54.4 l 67.6 ' 30.2 26.0
Number of workers....ooeeveervaecnn venses 13,282 23,263 7,868 6,614

1,648| 9,195' 5,538‘

1 Less than 0.05.
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TABLE 46,—ACCIDENT SEVERITY RATES (PER 10,000 HOURS’ EXPOSURE) FOR SPECI-
FIED DEPARTMENTS IN THE TRON AND STEEL INDUSTRY, 1910-1914 AND 1915-1919,
AND BY YEARS 1915 TO 1919, BY RESULT OF INJURY—Concluded.

ERECTION OF STRUCTURAL STEEL.?

Result of injury. 1910-1914 | 1915-1919} 1915 1916 1917 1918 1919
181.0 | 199.3 | 197.8} 207.6 ] 162.1 129.0
5.3
3.2
4.0
1.1
15
.7
.1
.6
17.5
1.3 1.8
1.0 1.1
.9 .9
.8 .9
i 1.1
3.5 3.3
2.7 3.1
All other. .. () -- .3
Total. .. 10.9 12.4 17.2 22.3 14.2 12.5
Grand total........ooviiiiiiian. . 209.4 ) 252,01 231.9 270.91 196.1 154.0
Number of Workers ....ooeeeeeiieeeennenloeieaaia. 7,477 808 | 1,011 1,156 | 1,234 775
UNCLASSIFIED.?
Y 2 R 14.1 14.9 14.0 18.2 11.5 13.4
Permanent disability: Loss of—
oth legs .1
Both feet. .1
arm -4 .6 3
1 hand .6 .4 N
1lleg.. .7 6 .6 1.2 IS 18 P
1 foot. [ 20 PP PN .7 7 .9
1 eye. 1.6 2.2 .7 1.7 1.9 1.3
1 thumb .3 .2 .2 .4 .4 .3
1 finger 1.0 .9 1.4 1.0 1.1 7
2 fingers. . . .3 .5 .1
3 fingers 1 .3 .2
4 fingers .1 1 .3
Thumb and 1 finger.................. . .1
Thumb and 2 fingers. . .1
Thumb and 4 fingers R .2
L€ 123 7 TS PR L T PUSOous FPpppes TS T RS ) PO, .
Any 2 toes O]
. All'other. -2
5.5
.6 .8 .6 .7 .5 .6
.6 .8 .8 .8 .5 .6
.5 7 .6 .5 4 5
.4 .5 .5 .5 .4 4
ek .3 .4 .3 .3 .3 .3
6th-13th weelk . . ... ...l 1.3 1.9 1.8 1.5 1.0 1.3
14th week andlater............ooooo doiiiiaens 7 .9 1.1 .9 .6 .5
Allother.......oooiieiiiviiiiiiadeaiii, 2 T M) .1 .3 .1
Total..... ] 4.6 5.9 5.7 5.3 4.0 4.3
Grand total. . .oocvuinrnicinneneaeidonnniaa.. 25.9 26.6 26.0 31.5 23.8 23.2
Number of Workers... .oooveieneenienaeanafeiannanan 263,791 | 21,547 | 24,216 | 68,130 | 97,613 | 62,385

1 Less than 0.05,

2 Data for 1010-1914 for erection of structural steel not availahle.
3 Data for 1910-1914 for uanclassified departments not available,
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CHAPTER VII.—THE HUMAN FACTORS IN CAUSING AND PRE-
VENTING ACCIDENTS.

In the chapters on the physical causes of accidents the machine,
the structure, the impersonal thing directly related to the mjury
of the worker, haye been under review. If these were all the factors
in the situation, the problem would be a comparatively simple one.
It is a fact, however, that these physical causes are bound up with
very eomplex human factors whose influence must now be considered.

here are three divisions of a working organization which have a
very definite relation to this accident problem, namely, the manage-
ment, the foremen, and the workers. It may seem a far cry from
the man of wealth and power who sits in an office in the great metrop-
olis and the ignorant and obseure laborer who, in the process of satisfy-
ing the wants of the public, dies. This is far from being the case.
The development of business organization is sueh that the view of
the central authority regarding any question quickly penetrates to
all parts of the business and influences to a surprising degree the
behavior of even the least important element. In nothing is this
more true than in the matter of due attention to the safety of work-
people. Rather close observation has failed to note a ease where the
chief authorities were indifferent and the accident rate was not high,
and, on the other hand, it is a rule with no exceptions that an inter-
ested and determined management always has its way in the matter
of accident prevention.

This factor of the management does not lend itself readily te any
statistical treatment and will therefore be dismissed with this passing
reference and attention directed to the more immediate factors, the
foremen and the workers.

THE FOREMEN.

It has long been agreed that, in the effort to excite personal interest
in the maintenance of safe conditions and the exercise on the part of
the worker of reasonable personal caution, the foreman is the to
the situation. His contact with the situation is immediate, and he
is recognized by the workmen as representing the management, and
the fact that he is a foreman usually means that he has personal
qualities which command respect.

It is therefore of prime importance that in the matter of acecident
prevention the foreman have a sympathetic attitude and a elear
understanding of what is being attempted.

THE ACCIDENT REDUCTION BONUS.

Various means have been utilized for bringing the foremen into
this sympathetic relationshig. Originally safety committees were
compose(f almost entirely of foremen, and frequently there were
minor distinetions, such as safety buttons, watch fobs, etc., which
Wen]ag bestowed upon the foremen who engaged actively in safety
work.
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HUMAN FACTORS IN CAUSING ACCIDENTS. 159

The production bonus is so well established a feature in the iron
and steel industry that it is practically everywhere taken for granted.
It may be applied in special cases, such as in an effort to break a rec-
ord, or it may be a constant feature of the operation of the mill. In
the latter case some standard production quota is determined upon,
and production in excess of this quota is paid for at an advanced
price. Itisentirely natural, therefore, thatsafety men should consider
the application of a monetary reward as a solution of their problem.

It 1s noticeable that nearly all of the pioneer safety men entered
upon their activities with rather pronounced ideas regarding the type
of appeal which ought to be made in the effort to stimulate interest
among the men in the safety problem. They, for the most part,
stressed the humane motive ang regarded the offerihg of a reward
for activity in the safety field as being an unbecoming appeal to the
mercenary interests of the men involved.

On, the other hand, there were a considerable number of men who
began to agitate for the use of an accident-reduction bonus, on the
ground that the elimination of accidents was a business proposition and
that any device which had proved effective in the ordinary conduct of
the business was perfectly appropriate in their particular field. They
were also convinced that the humane motive was entirely uninfluenced
by the offering of a substantial money consideration for successful
safety effort. It was inevitable that somewhere those who held the
opinion that the use of a bonus for the purpose of stimulating atten-
tion to accident reduction was a worthy device would be in a position
to make a test of their ideas, and such tests were made here and
there in different establishments.

The question of the effect of these methods can not be judged by
these minor and scattered experiments. An effort was therefore
made to assemble on a large scale information with regard to the
application of the safety bonus and from the statistical showing thus
made to determine its precise value. The basic departments of the
iron and steel industry, namely, blast furnaces, steel works, and rolling
mills, were finally chosen as affording the largest body of data per-
taining to operations of a sufficiently similar character for a proper
comparison, as it is quite evident that departments in which the
character of the work done is very different might be affected very
differently by the introduction of a safety bonus.

A careful study was made of the assembled data to make sure that
there were no unusual conditions which might render the data of any
department incomparable with that of the others and thus influence
the result of the experiment. It is believed that the present presen-
tation is as fair and authoritative as it is possible to make.

The general significance of this study les in the possibility which
the material afforded of considering the experience from the stand-
point both of frequency and of severity of accidents. The relations
shown between the frequency rates would have failed to bring out
the effect of the use of the bonus.

In the plants whose records are here brought together the details
of the bonus plan varied considerably, but the fol owing points are
essentially common to them all: (1) From a study of the past expe-
rience of the department basing rates were determined which had to
be equaled or improved if the foreman was to receive a bonus. (2)
Failure to hold accidents down to the basing rate would deprive the
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160 ACCIMENTS IN THE IRON AND STEEL INDUSTRY.

foreman of the bonus. If he equaled the basing rate he would receive
a certain sum per man under his supervision. The sum awarded the
foreman Wouldp increase in proportion to the decrease below the basing
rate. (3) The designated sum per man under the jurisdiction of the
foreman was sufficiently large to make the securing of it worth while.
For example, a foreman Wit% 100 men in his crew might, under favor-
able circumstances, receive $200 or more as his annual bonus.

The statistical results of the study of the application of the safety
bonus can best be presented in the form of charts.

Chart 8 shows the accident frequency and severity rates for the
entire group of mills, including both bonus and nonbonus plants,
over a period of six years. Ithappens that the frequency and severity
rates are so related that they can be plotted on a single percentage

CHART 8,—ACCIDENT RATES FOR A SELECTED GROUP OF MILLS IN THE IRON AND
STEEL INDUSTRY, 1912 TO 1917,
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scale. The general result is in conformity with all studies thus far
made of the exgerience of the iron and steel industry. From a high
point in 1912, both frequency and severity rates decline to 1914 or
1915. 'There is then a rise to 1916 with a recurrent decline in 1917,
The high point of 1916 is not so high as that of 1912.

In Chart 9 accident rates are shown for the bonus and the nonbonus
plants of the group represented in the preceding chart. Inspection
of this chart shows that the bonus plants, starting at practically the
same frequency rates as nonbonus plants, had for two years a very
rapid decline in frequency rates—much more rapid than that in the
nonbonus plants. Following this decline they maintained a mate-
rially lower rate in frequency than did the nonbonus plants. On the
other hand, the general trend of severity rates of the bonus plants is
upward, while those of the nonbonus plants decline. The general de-
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HUMAN FACTORS IN CAUSING ACCIDENTS. 161

cline in severity rates noted in Chart 8 is entirely due to the influence
of the nonbonus group. The bonus group tended to cause the rates
to rise. There are undoubtedly many factors involved in this situa-
tion and a too broad or too emphatic a statement of the significance
of them should be avoided. Personal study of all the plants involved
discloses only two points in which the bonus group di}f)fers materially
from the nonbonus: (1) On the whole the bonus group has a slightly
superior physical condition and might be expected, therefore, to
have somewhat lower severity rates. (2) In the bonus plants there
has existed since 1913 a bonus to the foremen for accident reduction.
Most careful and painstaking scrutiny and inquiry have failed to
develop any other material differences. Under these circumstances
. it Woufd seem to be entirely fair to insist that these two factors are
mainly responsible in bringing about such differences as appear in

CHART 9.—ACCIDENT RATES FOR BONUS AND NONBONUS PLANTS IN A SELECTED
GROUP OF MILLS IN THE IRON AND STEEL INDUSTRY, 1912 TO 1917.
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the trend of the accident rates. It is proper to say, in this connection
that remarkable decline in frequency rates on the adoption of the
foreman bonus is the universal experience. Wherever this method
has been tried this result has appeared. It may, therefore, without
limitation, be said that such a bonus does tend strongly to the reduc-
tion of minor injury.

FOREMEN'S ACTIVITIES.

In a search for the reasons for the changes indicated in the charts
the natural appeal is to the foremen themselves. Inquiry has there-
fore been constantly and systematically made regarding the methods
adopted by foremen in their efforts to secure the offered bonus.

e following points appear with entire constancy in the testi-
mony of the foremen: (1) The foremen were convinced by this offer
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162 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

that the company was really and deeply interested in the success of
safety effort. ‘When the company comes across with real money we
know that they mean business.” That is to say, up to the time of
the inauguration of the accident reduction bonus the foremen had
been somewhat skeptical regardin,%l the reality of the company’s
interest in accident prevention. They had felt that the company
was interested above all -else in production and that the ase
“Safety first’” was little more than idle words. (2) Under tﬁe old
conditions, the foremen had not been in the habit of considering at
all carefully the fitness of the man to the particular task which would
be required of him. If a slow and heavy man presented himself, the
foreman might set him to work in spite of the fact that in such work
a certain degree of quickness and agility was the only safeguard
against sudden death. The inauguration of the bonus focused the®
attention of the foremen upon this subject and they proceeded to
select men with much greater care and to refuse to hire those ob-
viously unsuited to the work of which they had charge. (3) Besides
exercising care in selecting the men the foreman himself took
greater pains in instructing new men regarding safe methods of work
and would see to it that such a new man was associated with a more
experienced worker who would look after the newcomer during the
period of his training. It is quite possible that this conversion of
the mills into schools of safety may be much the most important
factor in the reductions which have come about. (4) The classifica-
tion of injuries was in accordance with the duration of the disability.
Since the longer disability imposed a heavier penalty it became a
matter of importance to tﬁe foreman to secure the prompt return of
the injured man to duty. As prompt a return as reasonsﬁ)ly possible
is obviously of advantage both to the man himself and to the company.
There were, however, two abuses which tended to develop on account
of this interest of the foremen in prompt return: (¢) A man might be
brought back and put on duty at a nominal job not having any real
and 1mportant relation to the operations of the mill. This practice
became so marked in one large plant that the superintendent was
obliged to issue an order that when a man was returned to duty when
not able to resume his original occupation, the foreman must show
clearly that the job proposed for him was a real job and one of actual
necessity. The presence of men who were there simply to save a
foreman’s bonus was regarded as tending seriously to lower the morale
of the working force. %b) Sometimes in his anxiety to save his bonus
the foreman would urge men to return to work Wﬁo were not yet in
physical condition for the work. 'This, of course, is a matter for the
control of the medical staff and in most cases their professional pride
is a sufficient safeguard against permitting premature return of the
injured men. (5) It was not always the case that the foreman had
any helpful relations outside the mill with the men under his direction.
en it was made a matter of importance to him that an injured man

return promptly to work, he was apt to form a friendly acquaintance
on the outside with his men and this may have had much to do with
securing active cooperation in safety work within the mill.

The response of foremen to the offer of a bonus by the company
was for the most part along the lines indicated above. These offers
were particularly successful in reducing short-term disabilities due
to minor accidents. The degree to which minor accidents may be
reduced under a bonus system is very striking.
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In earlier studies of the iron and steel industry it has been shown
that the percentages of injured who returned to work in successive
weeks are about as follows: First week, 50 per cent; second week, 25
per cent; third week, 10 per cent. With the inauguration of the
safety movement these percentages for the early weeks steadily de-
clined, falling as low in some cases as 40 and 35 per cent in the first
week. In some of the plants having bonus systems this downward
tendency of accidents involving less than one week’s disability has
reached the point where the percentage for the first week is actually
less than that for the secend week. As one manager stated it: “ We
have almost abolished short-term disabilities.”” There is no intrinsic
reason why the tendency to eliminate minor injury should not go to
this extent but certainly it could not have been anticipated in advance
of an experimental test.

This showing is so remarkable that some have been inclined to
suggest that it was due to erroneous reporting. It is proper, there-
fore, to say that every facility has been afforded for checking up the
records and there is no indication of imperfection in the matter of
reporting cases.

THE RISING SEVERITY RATE.

The trend of severity rates as disclosed in Chart 9 suggests two
questions:

(1) Why did the bonus plants have a lower severity rate than the
nonbonus? and (2) Why should the severity rate for bonus plants
constantly rise when the frequency rate was so conspicuously falling ?

In reply to the first question, it is probably the ease that the ingit
superiority of the bonus plants in the matter of engineering revision
is sufficient to account for this generally lower severity rate. The
fact that severity in the bonus plants, though lower than in the non-
bonus, was #ising is less easy to explain. It should be emphasized
that this phenomena is almost completely constant. 1t is shown in
the three departments chosen for consideration because of their com-
parability with similar departments in which the bonus was not in

use.

When other departments of the plants are considered, it is found
that in them also the tendency to rising severity is observable. The
only common influence in the several departments which ean be
detected is the presence of the bonus system. It is therefore possible
that the bonus system is actually a eontributing factor in the rising
severity rate. ere are two items about the bonus system which it
may be suggested have contributed to this rise in severity rate:
(1) Those in charge of the safety departments in these plants, notin,
the remarkable decline in frequency incident to the introduction o
the bonus and knowing that severe cases were not in excess of such
cases in similar plants, were not aware that severity was on the
increase. No special measures, therefore, were taken to counteract
such tendency. (2) Under the bonus system serious injury was not
made to count against the foreman in a sufficient degree to induce
on his part special attention to the causes of serious injury and the
means of prevention.

It may be noted again that without the consideration of severity
rates it would be guite impossible to get an accurate picture of the
influence of such a device as the foremen’s bonus.
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“ENGINEERING REVISION” IN BONUS AND NONBONUS PLANTS.

In a later chapter the general question of “engineering revision”
as a method of controlling the more severe injuries in industry will
be discussed. In the present connection it is interesting to note the
experience of bonus and nonbonus plants in those cases in which, in
the opinion of the safety committees who pass upon them, preven-
tion was possible by engineering revision. The following table

resents the results secured in a bonus and a nonbonus plant, the cases
eing divided into three groups, namely, “Disability of six weeks
and under,” “Disability o% over six weeks,” and ‘‘Death and major
mutilation.”
TaBLE 47.—ACCIDENT FREQUENCY RATES (PER 1,000,000 HOURS’ EXPOSURE) FOR

CASES THAT COULD HAVE BEEN PREVENTED BY ENGINEERING REVISION IN A
BONUS AND A NONBONUS PLANT.

Disabil- | Disabil- | Death
ity of 6 ity of jand major, TPotal.

Kind of plant. weeks or| over 6 | mutila-
under. weeks. tion.
Bonus plant. . ..ottt cae e 2.6 0.9 0.5 41
Nonbonus plant . « oottt eia ittt .9 .3 .6 1.8

Inspection of the table will show that the bonus plant found engi-
neering remedies possible at the rate of 2.6 cases per million hours’
exposure for injuries involving disability of six weeks or under. In
the nonbonus plant, on the the other hand, the cases for which similar
remedies were discovered were at the rate of 0.9 per million hours’
exposure. A comparison of these two rates shows that the foremen
of the bonus plant called attention to cases involving disability of six
weeks or under and capable of engineering remedy three times as
frequently as did those in the nonbonus plants. Thsat is, under a
bonus system the foremen show constantly an alert attention to the
causes which give rise to minor injury.

In the matter of death and major mutilation, the rate in the bonus
plant was 0.5 per million hours’ exposure and in the nonbonus plant
0.6. It has already been shown (p. 161) that the bonus plants had
on the whole a rising severity rate, while the rate in nonbonus plants
was falling. The difference indicated above in the detection of possi-
ble engineering revision against severe accidents would be entirely
sufficient to account for this opposite movement in severity rates.

It would be too sweeping a conclusion to say that these differences
in the application of ‘“engineering revision’’ are entirely due to the
entrance of the bonus system. They may be in some measure the
result of inherent differences in the work done in the two plants.
However, the fact that attention to small injuries will have consider-
able influence in protecting the foremen’s bonus must not be over-
looked as a factor in this situation. Whenever the penalty for serious
injury is proportionately too small, it is inevitable that attention will
be given to those minor cases whose elimination will easily exceed in
importance, from the standpoint of the bonus, the elimination of more
serious danger. Suppose, for example, that 10 points are scored
against a foreman for a fatal in{')ury. When disability for a single day
counts 1 against him, it probably would be easier for the foreman to
get rid of the causes of 10 minor injuries than to provide against the
recurrence of a fatality. How inadequate such an allowance as 10
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for a fatal case is will become evident when attention is called to the
fact that in standard procedure in the calculation of severity rates a
death is rated as the equivalent of the loss of 6,000 days. It is prob-
ably true that such an allowance, while necessary for the determina-
tion of satisfactory severity rates, would be excessive in the operation
of a foremen’s bonus plan. It is clear, however, that heavier penal-
ties for death and major mutilation should be applied if adequate
attention to the causes of the more serious injuries 1s to be secured.

CONCLUSION.

The experience outlined above is much more extensive and has cov-
ered a longer period of time than any other which has been subjected
to statistical analysis. It is, of course, possible that there are factors
in this situation which the painstaking scrutiny given it has failed
to disclose. With all possible allowance for such concealed factors
the following conclusions seem to be justified: (1) A foremen’s bonus
for accident reduetion will tend very greatly to reduce minor injur
and will tend when established to keep gown this sort of injury. Sucg
a reduction is of very great importance and would amply justify the
application of a bonus system, provided there are no injurious results
which offset this value. Both mill efficiency and good feeling among
the men are favorably influenced by this diminution of minor injury.
(2) A foremen’s bonus will not of necessity bring about a satisfactory
reduction of the more severe accidents. It did not so operate in this
largest and longest continued experiment. It would appear that the
influence of the bonus system must be reinforced by the vigorous
application of other measures, particularly the engineering study of
the situation.

Tables 48 and 49 present, in detail, the data upon which this dis-
cussion is based.

TABLE 48.—HOURS OF EXPOSURE AND NUMBER OF ACCIDENTS IN BONUS AND NON-
BONUS PLANT GROUPS, BY YEARS, 1912 TO 1917.

HOURS (THOUSANDS) OF EXPOSURE.

Plant group. 1912 1913 1914 1915 1916 1917 Total.

Bonus group:
A—Blast furnaces 2,769 | 2,805 | 1,827 | 1,824 | 2,580 [ 2,592 14,496
A—Steel works... A ,

A—Rolling mills.... 5,325 | 6,582 | 4,431 | 4,497 6,468 | 6,918 34,221

TOtaL. s cvnrersenrennennrnranernennnns 11,355 | 12,780 | 8,571 { 8,661 | 12,510 | 13,212 34,221

Nonbonus groups:
B—Blast furnaces ,
B—Steel works.... 12,399 53, 580
B—Rolling mills. 11,526 67,875

Total.......... . 33,471 | 165,729

9,546 | 44,274

C—Blast furnaces. 3,594 17,325
C—=Steel works. .. ceen .. 006 3,237 | 3,582 17,727
C—Roling millS.....oeenvrniiniennnnnnn 2,043 3,183 15,864

Total . ceeeetorecesosacncosnacoaccanes 10, 359 50, 916
D—Blast fIINACESsescrernceeeanarnaann 10, 707 69,723
D—Steel WOrks ............ 3,429 3 26, 466
D—Rolling mills. 12, 261 67,221

Total...cecrueenecaracenanann “en 27,342 163, 410

Total, nonbenus (B, C, and D)........ 65,415 | 66, 939 | 55,689 | 56,391 | 64,449 | 71,172 | 330,055

Grand t0tal.. ... eeenienaraaaaennns 76,770 | 79,719 | 64,260 | 65,052 | 76,959 | 84,384 | 447,144
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TABLE 48.—~HOURS OF EXPOSURE AND NUMBER OF ACCIDENTS IN BONUS AND NON-
BONUS PLANT GROUPS, BY YEARS, 1912 TO 1917—Concluded.

NUMBER OF ACCIDENTS.
Plant group. 1912 1913 1914 1915 1916 1917 Total.
Bonus group:
A—BFast furnaces 196 116 19 29 41 28 429
A—Steel works.. 246 131 35 37 55 54 558
A—Rolling mills. 238 190 51 62 87 77 705
b N1 7 1 DN 680 437 105 128 183 159 1,602
Nonbonus groups:
B—Blast furnaces............... 335 269 170 135 226 208 1,343
B—Steel works.. 833 622 255 248 378 309 2,445
B—Rolling mils. 630 600 268 193 292 197 2 180
b1 ) U 1,508 | 1,491 693 576 896 714 5,968
C—Blast fu.rnaces.. 269 189 187 167 218 162 1,192
C—Steel works. . 254 220 114 175 247 150 1 160
C—Rolling Toills. ... 166 140 84 138 156 126 810
7 Y O 689 549 385 480- 621 438 3,162
D—Blast furnaces......cc.overeneannnn 781 952 506 234 417 346 3,236
D—Steel WOorks....oovevveiennennannan, 421 369 151 231 476 401 2 049
D-—Rolling mills..............coooaan 568 501 265 323 382 245 2 284
Total. e eiseieaiiiaiaice i anannas 1,770 § 1,822 922 788 | 1,275 992 7,569
Total, nonbonus (B, C,and D)....... 4,067 | 3,862 | 2,000 | 1,844 | 2,792 | 2,144 16,699
Grand t088leee s evueenennncnarannannn. 4,737 | 4,299 | 2,105 | 1,972 2,975 | 2,303 18,301

TABLE 49.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR BONUS AND NON-
BONUS PLANT GROUPS IN SPECIFIED DEPARTMENTS IN THE IRON AND STEEL
INDUSTRY, BY YEARS, 1912 TO 1917.

BLAST FURNACES.

Frequency rates (per 1,000,000 hours’

Severity rates (per 1,000 hours’ ex-

exposure) posure)-
Plant group.
1912 | 1913 | 1914 | 1915 | 1916 | 1917 |Total 1912 1913 | 1914 | 1915 | 1916 | 1917 | Total
A(bonus)....coviiinnnanan 70.8 [40.1 110.4 [15.9 | 15.8 (10.8 |..... 46411953 43[7.5].....
B (nonbonus).. 46.8 37.7 |27.0 (23.0 | 27.3 |21.8 |..... 3.8/6.21/4.812.9(2.7|7.8.....
C (nonbonus). . 112. 6 (80.1 /70.8 (59.0 | 62.1 45.1 |..... 31.9(10.8 (6.5 14.719.4|88.....
D (nonbonus)............. 56.1 |78.2 40,0 [22.5 | 41.3 [32.3 |..... 2.716.0/4.9]1013.2]2.9).....
Total......covvvnnennns 60.3 162.7 [37.7 127.0 | 36.9 [28.1 {..... 59674852 ]41]59.....
STEEL WORKS.
A (DONUS).uveiineennnnnns 75.4 7115.1 [15.8 [ 15.9 14.6 |..... 3.7/ 1L0[31}1L3[34]4.1
B (nonbonus)........e..... 72,2 |75.0 {48.2 {32.0 | 34.1 [24.9 |..... 7.3184(8.4|34(5.0}27
C (nonbonus)............. .5 172.6 1561.8 165.5 | 76.3 [41.9 |._... 8.6128|7.2i110.417.3{84].
D (nonbonus)............. 81.1(70.0 |[44.0 [59.0 |111.1 [91. 7 |..... 4.2(5.8{1.3]241(13.35.9{.
Total.......oovaunnen. 76.8 |67.5 |41.9 |41.5 | 52.4 |38.0 |..... 6.1]5.6|5.4 6.7 14.4....
HEAVY ROLLING MILLS.
A(bonus).. ......cveion.. 44.7 128.9 111.5 |13.8 | 13.5 El. ..., 1.2(0912.2|1.9|2.410.6].....
B (nonbonus)............. 54.6142,6 124.0 (23.9 | 25.4 [17.1 |..... 3.9/3.513.3|59]|2.7]|2.41.....
€ (nonbonus)............. 63.8153.5 [41.1 [55.5 | 53.2 139. 4 [..... 6.112.8{1.0|7.6]5.5[10.8].....
D (nonbonus)............. 52.4 {41.0|26.5 (26.1 | 40.1 120.0 |..... 4211.2{17] .8(3.7| .8].....
51 7:) P 52.9 (40.3 [24.2 |26.1 | 30.1 |19.0 |..... 3.712.2|24]31{32[22].....
3
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TarLy 49.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR BONUS AND NON.
BONUS PLANT GROUPS IN SPECIFIED PEPARTMENTS IN THE IRON AND STEEL
INDUSTRY, BY YEARS, 1913 TO 1917—-Concluded.

ALL PLANTS.

Frequeney rates (per 1,000,000 hours’ | Severity rates ¢(per 1,000 hours’ ex-
expasure). posure).
Plant group.

| 1012 | 1013 | 1934 1915 | 1936 1017 [Total 1012 | 1013 | 1014 1015 1016 1917 [Total

59.9 134.2 [12.3 [15.0 | 12.0 [12.0:(25.2 1 2.7 | 1.6 [ 2.4 1 2.5 (3.1} 2.9 2.5
.| 58.2150.5 130.5 126.6 | 29.0 121.0 (36,0 (15,0 [ 5.5 | 4.9 6.9 1 3.5 1 4.0 | 49
.| 862 168.5 1559 160.1 | 64.2 142.3 162.1 (4.7 5.2 (51|7.517.5]9.3]| 83
59.1 (61.9 (35.4 (29.5 | 53.3 {36.3 46.3 | 3.3 14.3 1 3.2 | 1.1 5.2 | 2.4| 3.3

62.0 57.7 [35.9 32.7 | 43.3 1301 143.9 | 5.5 | 5.0 | 4.1 142 | 48 42| 46
Total (A, B, C,and D)| 61.7 53.9‘32.8J30.3 ‘ 35.3 |27.3 ‘41.1 5.1|4.4*3.9|‘4.014.5 4.01 4.3

THE WORKERS.

The werker, just because he is an ordinary human being, is subject
to certain influences which may seriously increase the likehood of his
being injured. The most conspicuous of these influences is that of
inexperience. The youthful worker or the one who recently entered
upon a given pursuit lacks the praetice which gives control and skill
and so has a higher accident rate than the more experienced.

Unfavorable bodily conditions, such as attend exposure to extremes
of heat and cold, or night work, or illness, or fatigue may be reflected
in higher aceident rates.

It will appear later that these unfavorable personal conditions
effect more promptly and more often the occurrence of minor injury
than cases of severer injury, in which there is likely to be some de-
fect of structure or arrangement without which the injury would
not have occurred and the man is therefore no more than a contrib-
uwting cause of the result.

INFLUENCE OF INEXPERIENCE UPON ACCIDENTS.

The faect that the inexperienced man is especially subject to acci-
dent may be demonstrated from a number of sources. Table 50,
showing accident rates according to length. of serviee, is of particular
interest upon this point.

TABLE 50.—ACCIDENT FREQUENCY RATES ACCORDING TO PERIOD OF WORKERS’
EMPLOYMENT IN A LARGE STEEL PLANT.

[Based on data for January-May, 1916.]

i f1’£ccidenr(:

Equivalent requency

Length of service. full-year a(()!gisedsnoj tf ralxtes (per

wor .

hours® ex-

posure).
Smonthsand amder_ ... . ...t 512 57 37.1
©Over 6 months and not over 1 year. . 278 29 34.8
Over 1 year and not over 3 years.. 357 31 28.9
©Over 3 years and not over 5 years. 27 141
Over 5 years and not over 10 years. 814 16 6.6
Over 10 years and neot over 15 yesars. 470 4 2.8
OveT 15 FearS. . oeiireairencancnannn 459 (... PO
Total. .o et e e 3,521 164 155
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The table indicates clearly an extremely rapid decline in accident
frequency with increased experience on the part of the worker. For
those who had been employed 6 months or less the frequency rate was
37.1 cases per 1,000,000 hours’ exposure. This dropped to 34.8 cases
for those with 6 months’ to 1 year’s experience. Thereafter.the rate
declined very rapidly, and among those who had been employed more
than 15 years no accidents occurred during the period covered.

These figures are so striking that, notwithstanding the compara-
tively smaﬁ number of workers concerned, they would seem to be con-
clusive as to the close relationship between inexperience and high
accident rates. This conclusion, moreover, is supported by other
tabulations presented later, based on the age of the worker and the
degree of his ability to speak English.

That the “green’’ man is particularly subject to accident has been
recognized to some extent and in a number of plants special efforts
have been made to train and to caution him. But the full effect of
this factor has not been perceived. Careful analysis indicates that
inexperience plays a very impogtant part in accident occurrence and
suggests that it may be an extremely influential factor in the increase
in accident rates which, almost invariably, accompanies an increase in
business activity.

That accident rates do increase in periods of business activity is
evidenced by numerous tabulations in this report. Thus the recovery
from the industrial depression of 1908 was accompanied in practically
all plants covered by this study by a marked rise in accident rates.
This experience occurred so regularly that there is clearly some close
connection between increased activity and increasing accident rates.
What is this connection? Why should increasing plant activity
mean higher accident rates? Two possible reasons suggest them-
selves. The first is that the rising accident rates may gbe due to
“speeding up”’—i. e., to the greater intensity and stress of the work
placed upon the individual workman. The evidence of laboratory
test and mill experience is to the effect that sudden increments of
speed are accompanied by greater accident frequency. That such
speeding up may have occurred during (f)eriods of business activit
in the steel plants covered is suggested by the fact that at suc
periods the output per worker employed shows an increase. But
increased per capita output does not absolutely prove increased indi-
vidual exertion, as the outputincrease might be due to modifications
of equipment and methods which would tend to lessen rather than
to increase the individual’s effort. But even granting that speeding
up does occur in a period of plant activity, and it is probable that it
does occur in some degree, it is still questionable whether it is suffi-
cient to account for the sharply rising accident rates.

The second reason which suggests 1tself as possibly a cause of the
rising accident rates in times of increasing business activity is the
influence of the new men added to the working force. At such a
time the working force is necessarily increased. Among those re-
cruited there is necessarily a more or less considerable element of in«
experienced men. Because of their inexperience these men are, as
has been noted above, especially subject to accident, and their pres-
ence in the plant would tend in itself to swell the accident frequency
rate. This ?actor could easily be one of very great importance. In-
deed, careful analysis of several plants leads to the belief that it is
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this factor of inexperience, introduced into a plant at a time of heavy
labor recruiting, which is fprinrw,rily responsible for the rising accident
rates following a period of depression.

The effect of introducing inexperienced men into the working force
is forcibly indicated by Chart 10. It represents the trend in a large
steel plant of four correlated elements over a period of 11 years, which
include three periods of high industrial stress—1910, 1913, and the
war period.

The chart includes (1) a curve of employment showing the in-
creases and decreases over the period; (2) a curve showing the rates
at which new men were entering the force; (3) accident rates; (4) the
product per man.

To bring these items into such relations with each other that they
can be conveniently entered upon one chart they were reduced to index
numbers based on the year 1908 as 100. They were then plotted on a
percentage scale. For the sake of economizing space only the years
ending with alternate months are used. It was found by experiment
that no essential point in the relation of the curves was obscured by
this process.

It may be noted first that all the items rise and fall with changing
industrial conditions. The ‘“new man accession rate’” is the most
widely variable. This rate represents, of course, the proportion of in-
experience which is to be found in the working force at various times.
The production rate, being the product per man, is a measure of in-
dividual activity in some degree, but may also reflect modifications in
equipment and method.

If the course of the ““new man accession rate’” be compared with -
that of accidents a close and interesting parallelism will be observed.
In the earliest active period the two rates reach a climax at about
the same time, in 1910 at precisely the same month. In the war

eriod the “new man accession rate’”” was continuously high for a num-
er of years and accidents maintained a closely corresponding high
position.

The production rate in the earlier active periods reached its peak
at a later time than either accessions or accidents. That is, whatever
effect “speeding up’”’ may have had on the accident rate 1t was not
sufficient to hold up that rate when the accession rate began to fall.
This situation during the war period was necessarily much compli-
cated by conditions which it is impossible to determine exactly. Itis
evident, however, that here, as in the earlier periods, the controlling
factor in the rise of the accident rate is the accession of new men.

It might be inferred, from the fact that in two cases product per
man was rising with a falling accident rate, that speed of production
in such mills as these has no relation to the frequency of accident.
This conclusion is not justified, because it is possible that without the
influence of increasing speed the accident rate would have fallen more
rapidly than it did.

hese illustrations, drawn from the iron and steel industry, empha-
size two points: (1) The inexperienced man has a high accident rate,
and (2) when he is introduced into a working force in considerable
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numbers it may be expected that, unless extraordinary efforts are
made to train him and to introduce him to his work, the accident
rate will rise.

The accident rates of the chart bring out another point very
clearly. In each of the latter periods, although accessions reached a
rate of increase equal to that in the first period, accidents did not reach
so high a point. This is clearly due to the progressive influence of
safety effort as applied in these mills.

Some further 5 ustrations from other fields will be pertinent.

EXTREME INEXPERIENCE.

In an earlier study * of press hands in the metal trades the fol-
lowing table was compiled which shows in a very striking manner
the hazard of the extremely inexperienced.

TABLE 51.—AVERAGE NUMBER OF PRESS HANDS AND OF EMPLOYEES IN OTHER OCCU-
PATIONS IN THE METAL TRADES INJURED PER DAY AFTER BEGINNING WORK
ON MACHINE, BY SEX.

Average number injured per day.

Oceupation. 2d day to | 2d week to | 2d month | 7th month

1st day. | end of 1st | end of I1st { toend of | toend of

week. month. |6thmonth.! 1st year.

Press hands:

BlES. - iitriactanecacataeneesaaanaran 77 13 3 0.78 0.21
Females.....cvcecnearenconnceneceananas 252 33 4 .71 .26
329 46 7 1.49 .47
89 25 8 3.00 1.00
42 12 2 .69 32
131 37 10 3.69 1.32
166 38 11 3.00 1.00
294 45 6 1.00 .57
460 83 17 4.00 1.57

This table shows a very great excess of accident occurrence on the
first day on the machine. If this could be placed on a rate basis, it
would be still more striking.

In connection with the study from which Table 51 is taken 435
cases of accident to press hands during the first day of employ-
ment on the press and 537 cases of metal workers injured after a year

57 Report on Condition of Woman and Child Wage Earners, Vol. XI, Employment of Women in the
Metal Trades, S. Doc. No. 645, 61st Cong., 2d sess.
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172 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.
or more of experience wete recorded for which the hour of injury was
known. A tabulation of these cases follows:

TABLE 52,—~ACCIDENTS TO INEXPERIENCED PRESS HANDS AND TO EXPERIENCED
METAL WORKERS, BY HOUR OF THE DAY. :

Accidents in each hour.
Number. Per cent.
. Metal Metal
Hour ending at— Press workers— Press workers—
hands— after 1 hands— after 1
1st day of | year or 1st day of | year or
employ- more of employ- more of
ment. employ- ment. employ-
ment. ment.
38 42 8.74 7.82
50 65 11. 49 12.10
66 67 15.17 12. 48
58 78 13.33 1458
41 40 9.42 7.4
Total, orenoon.......coceeeeievcccesansans cornen 253 292 58,15 54.36
cesven 46 46 10. 57 8.57
52 65 11,95 12. 10
44 66 10. 11 12.29
30 50 6.90 9.31
10 18 2. 30 3.35
Total, AftermO0n. . .e.eerrraenreannsreaeerncnnns 182 | 245 41.85 45.64
Grand $0tal. o eoeeieii e iree e eaenns 435 | 537 100.00 | 100.00

The table showing the distribution of accidents through the hours
of the day indicates that not only does the beginner have a high
accident rate, as shown by Table 51, but also that he is much n-
fluenced by that lack of coordination which more or less besets
any worker in resuming a task in the morning. When the begin-
ner’s accident rate is compared with that of ﬁme more experienced
worker, it is found that his rate is higher and his efforts for speed
produce a more rapidly rising rate during the morning hours.

It may be said in conclusion that the fluctuations in accident rates
which accompany industrial revival and depression are really one
phase of the larger problem of “labor turnover.” Any methods
which may be devised to lessen the one will favorably affect the other.

SELECTIVE DISCHARGE.

The lessened accident rates of periods of depression have been
attributed above to the decrease i the introduction of new men,
together, perhaps, with lessened industrial tension. There is another
factor operative to which it is desirable to call attention. It may be
called “selective discharge.” Whenever depression sets in all the
men are naturally desirous of retaining their jobs. The employer
therefore exercises selection in deciding whom he will let go. The
gkillful and mature man will naturally be retained, while the younger,
less skillful, and less experienced man will be laid off. TKe effect
of this process is to raise the average quality of the working force
and thus to influence favorably the accigent rate.

GEOGRAPHIC LOCATION AS A POSSIBLE FACTOR.8

Comparison of the accident rates of different plants reveals the
fact that some in which safety work of the highest quality is being

58 For racial distribution of steel workers see Report on Conditions of Employment in the Iron and
Steel Industry in the United States (S. Doc. No. 110, 62d Cong., 1st sess.), V(I)’l. II, p. 83 et seq,
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done have constantly higher rates than others in which the safety
work is apparently of a lower quality. A probable explanation of
this is that the high rates of the former plants may be influenced by
the fact that they are so located geograpﬁically as to constitute ports
of entry, as it were, for new immigrant labor. Their records indi-
cated a higher proportion of men entirely without experience in the
industry, although in some cases their labor turnover was less than
in other plants which had attained to lower accident rates.

If this indication should prove upon closer scrutiny to be constant,
it would afford an explanation of the striking contradiction noted
above. At present such an explanation can not be established con-
clusively, but it may be suggested as possible, in justice to some
very eflicient safety men who may be doing their work under an
extra handicap.

INFLUENCE OF AGE UPON ACCIDENTS.

It is very difficult to determine the influence of the worker’s age
upon accident occurrence because of the fact that the work done b
persons of different age groups may not be uniform. If the wor
done is not uniform, a higher accident rate for those of one age
ﬁroup may be due not at all to the factor of age but simply to the

igher hazards of their particular tasks. The information available
upon this subject is not conclusive, but an analysis of such as could
be obtained brings out some points of interest.

An important body of data regarding age as related to accident
frequency was presented in the earlier report of the bureau upon
accidents in the iron and steel industry.® The table is reproduced,
in substance, below. It shows the accident frequency rates over a
period of five years for a total of 33,511 fuil-year workers employed
in a large steel plant. In this case it was not possible to compute
severity rates.

TABLE 53.—FREQUENCY OF ACCIDENTS IN A LARGE STEEL PLANT ACCORDING TO
AGE GROUPS, 1906 TO 1910, BY YEARS.

Age group. 1906 1907 1008 1009 1910 (5'1;’::;13)‘
Number of workers:
Under 20 years..... tecsncnscsscnancnes 475 384 198 261 390 1,708
2060 29 YOATS. . meerareraneearanneennn 3,875 3,810 2,214 3,343 3,264 16, 506
306039 JOATS. ..o ceranrannnseansenanenn 2,047 2,256 1,242 1,697 2,271 9,513
40 F€ArSANA OVOTannnnsesssennssennen- 1,007 1,135 921 914 1,717 5,784
Total.......... Cresereensencessennas 7,494 7,585 4,575 6,215 7,642 33,511
Number of accident cases of workems—
Under 20 52 . 56 8 30 27 173
20 t0 20 years.... 760 694 364 577 527 2,922
30 to 39 years 382 374 183 304 298 1,541
40 years and OVel.cecescaeaes 156 170 89 143 115 673
Total....ccvvueen. 1,350 1,294 644 1,054 967 5,300
Accident frequency rates (per 1,000,000
hours’ exposure) for workers—
Under 20 years......cvcecvonen 36.5 48.6 13.5 8.3 23.1 33.8
20 to 29 years.... 65. 4 60.7 54.8 7.5 53.8 59.0
30t039 years.....eceunane 62.0 55.3 49.1 59.7 43.7 54,0
40 years and over........ 47.4 49. 9 32.2 5 23.3 38.8
Total...cveineuannnnnen 60. 4 56. 9 46.9 42.2 52.8

59 Report on Conditions of Emph‘);ment in the Iron and Steel Industry in the U nited States (S. Doc.
No. 110, 62d Cong., 1st sess.), Vol. IV, p.159.
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174 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

The first point to be noted in the table is that the decline in acci-
dent frequency rates which took place between the beginning and
end of the period covered occurred in each of the age groups as well
as in the total.

The second point to be noted is that for the combined five-year
period, and also for each of the individual years, except 1909, the
age group 20 to 29 showed the highest accident frequency. Next
highest to the 20 to 29 age group in accident frequency is the 30 to
39 group, with the 40 and over group next in order and the under 20
group lowest of the four. In order to understand the significance
of this order it is necessary to consider the occupational status of
each of the age groups. The group under 20 is that engaged in the
least hazardous work. Most 0% those who belong to it are door boys
and lever operators. Those of 40 and over have to a certain degree

assed out of the danger zone. Many of those who have passed but
Bttle over the boundary line are stﬂfr to be found in the dangerous
occupations, and probably on this account the accident rate is higher
than that for those under 20. But the differences which exist in the
work of these two groups are so considerable that it is impossible
to judge whether the factor of age is at all a significant one. If the
roups could be placed under nearly idemntical occupational con-
itions, the rates might be changed, or even reversed.

The two age groups, 20 to 29 and 30 to 39, include by far the
larger proportion of the steel workers. From statistics showing the
age distrigution in the various departments® and from careful
observation the dangers to men in the older age group appear te be
as great as those encountered by the younger. Infact inquiry shows
that those who are particularly exposed to the special hazards, such
as arise in the moving of molten metal, have very commonly reached
their present position by a Iprolonged apprenticeship and are very
apt to be men above 30. It is a reasonable conclusion, therefore,
that danger in the younger age group is not greater than in the older.
It appears that the 20 to 29 age group has the higher rate in each
ﬁfar except one, and that for the whole period the rate is decidedly

igher for this group.

t becomes, then, appropriate to inquire the reason for this higher
rate, since apparently it can not be attributed to more dangerous
occupations. The probable causes may be summed up as inexperi-
ence and immaturity. This age group, 20 to 29, furnishes the greatest
number of recruits for the steel industry. Those of the group 30 to 39
are relatively experienced men who entered the works earlier or, in
rare instances where they are recently arrived immigrants, they have
a degree of maturity whieh is not true of those between 20 and 29.
The great factor is undoubtedly that of inexpérience. Many of these
young men come directly from an agricultural life and are exposed
upon their entrance into the activities of the steel mill to the
dan%ers which inevitably beset beginners.

The expertence of a second large steel plant, as regards the rela-
tion of age and accident, is given in Table 54. In %hjs, as in the
plant just discussed, the acci%ent reduction which had taken place
over a period of years had affected all age groups. But as it does
not seem necessary further to establish this point, the data for the

8 Report on Conditions of Employment in the Iron and Steel Industry in the United States (S. Doe.
No. 110, 624 Cong., 1st sess.), Vol. IIvlfnp. 98,
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several years are combined in order to get as large an exposure as
possible.  Accident severity rates, as well as frequency rates, are
given in detail.

TABLE 54.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR A LARGE STEEL
PLANT, 1907 TO 1914, BY AGE GROUPS.

Accident frequency rates (per | Accident severity rates (per
1,000,000 hours’ exposure). 1,000 hours’ exposure).
Dor o1
er O
Age group. work- Perma-| Tem- Perma-| Tem-
OfS: | Death. | BEDE | POTAIY | motal, | Death. | ZeNC | POAIY | oty
bility. ; bility. bility. { bility.
Under 20 years. .. .......... 949 0.31 2.47 | 184.8 ) 187.58 2.10 1.47 2.57 6.14
Wto29years.....o.......... 16,443 .23 1.13 76.7 78.06 1.33 W77 117 3.27
3to39years.......oeouen... 14,417 .23 .80 58.5 | 59.53 1.37 .40 W97 2.74
40 yearsand over............ 11,124 .17 .93 42.8 1 43.90 1.10 .50 .87 2.47
Total .. ............... 42,933 .23 1.00 64.2 | 65.43 1.30 .60 1.03 2.93

The accident rates ef this table conform very closely to those of the
preceding table with the exception of the rates for the age group
under 20. For this group the accident rates are here extremely high,
in sharp contrast with the experience shown in Table 53. T%is
is due, in _part, to the practice of this plant of employing young men
along with older men in occupations likely to produce many cases of
short-term disability. But at best the group is too small (949 full-
year workers) to permit of conclusive deductions. Its smallness of
size would be reflected especially in the severity rate, since, in small
groups, a single fatality influences the severity rate materially.
More significant is the fact that this group has the highest severity
rate for both permanent and temporary disability. learly, when
such youths do engage in the same work as more experienced work-
ers, their hazards are very serious.

1t is very possible that the workers under 20, being a small group
among a much larger group of older workers, and furnishing only a
limited number of accidents, have never had their high accident
rates observed. The condition disclosed by this tabulation, there-
fore, suggests the desirability of every plant’s making, from time to
time, a critical examination of the working force by age groups.

Table 55 presents the accident experience of a tube mill by age
groups. The age group under 20 is omitted, as the number of per-
sons therein was too small to justify the computation of rates.

TABLE 55,—ACCIDENT FREQUENCY AND SEVERITY RATES FOR A TUBE MILL, 1907
TO 1914, BY AGE GROUPS.

Accident frequency rates (per | Accident severity rates (per
1,000,000 hours’ exposure). 1,000 hours’ exposure).
Dorof
er o
Age group. work- Porma-| Tem- Pern%ap Tem-
ers, nent | porary nent | porary
Death. disa~ | disas Total. | Death. disa- | disas Total.
bility. { bility. bility. | bility.
0to20years....covevunnnn.. 6,351 0.10 1.03 69.1, 70.23 0.63 0.70 1.03 2.36
30 to 39 years... ... 4,977 .07 .73 50.2 | 51.00 .40 .40 . 80 1.60
40 years and over ..l 2,965 .33 .57 34.0 | 34.90 2.03 .37 .83 3.03
Total....covvirunnenannnn 14,293 .13 .83 55.2 | 56.16 .83 .53 .87 2.23
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176 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

The relations of these age groups in regard to accident frequency,
it will be noted, are the same as in the two preceding tables. In the
matter of severity, however, age group 40 and over has the leading
place, due entirely to the high death rate.

ACCIDENTS AMONG NON-ENGLISH-SPEAKING WORKERS.

Of all inexperienced workers the man most handicapped would
seem to be the one who not only is without knowledge of his task, but
also is unable to communicate freely with those who direct him.
When one large company began to study carefully their working con-
ditions they found it not infrequently the case that a foreman was in
charge of a gang with no member of which could he communicate
either directly or by an interpreter. Still more common was it to find
individual men who were thus barred from communication with
their immediate superior. This was at once recognized as a dangerous
condition and the rule was issued that gangs should be formed in
such a manner that each man should be able to communicate with
his foreman directly or by interpreter.

The following table contrasts accident rates of (1) American-born
workers, (2) ]fnglish-speaking foreign-born workers, and (3) non-
English-speaking foreign-born workers, over a period of 8 years,
1906 to 1913, in the only plant for which full data could be obtained:
TABLE, 56.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR AMERICAN-BORN

AND ENGLISH AND NON-ENGLISH SPEAKING FOREIGN-BORN GROUPS IN A LARGE
STEEL MILL, 1906 TO 1913, BY YEARS.

Accidentfrequency rates Accident severity rates
{per 1,000,000 hours’ exposure). (per 1,000 hours’ exposure).
Der of
er o
Group. work- Permta- Tem- Perm:b- Tem-
ers. nen orar, nen orar
Death. | J88° | PRETY | Total. | Death. [ geRb 1 PHATY | mota).
bility. | bility. bility. | bility.
1906.
American born. ........ eoaes 1,370 1.9 1.9 47.7 51.5 11.7 2.2 0.7 14.6
English-speaking foreign
BOIN.......coiiiininancnnnn 1,906 2.3 1.9 36.6 40.8 14.0 1.0 .6 15.6
Non-English-speaking for-
eignborn......cooeiiananas 4,218 1.4 1.9 81.0 84.3 8.2 1.3 1.2 10.7
7,494 1.7 1.9 61. 7 65.3 10.4 1.8 1.0 13.2
1907.
Americanborn.............. 1,719 1.2 .8 33.3 35.3 7.0 1.1 .7 8.8
English-speaking foreign
Lo o ¢ 2,267 1.0 1.3 51.9 54.2 6.2 3.0 .9 10.1
Non-English-speaking for-
eignborn............c...... 3,599 1.1 2.5 64.8 68.4 8.7 2.3 1.4 10.4
Total.cooeevenenennennnns 7,858 | 1.1 1.7 54.3 57.1 6.4 2.6 1.1 10.1
1908.
Americanborn......... seeen 1,188 .3 17| 25.8] 2.8 L7 Lo -5 3.2
English-speaking foreign
15} ¢ | VAN 1.689 1.0 1.6 31.4 30.4 5.9 L1 .6 7.6
Non-English-speaking for-
eignborn... ...l 1,698 1.2 2.4 60.9 64.5 7.1 2.7 1.2 11.0
Total..ooroinirinennnnnnn 4,575 .9 1.9 40.9 43.7 5.2 1.7 .8 7.7
1909.
1,453 .5 .2 31.9 32.6 2.8 .4 .5 3.7
English-speaking
DOMueceneinaaaaaaan. 2,027 1.2 1.3 41.1 43.6 6.9 .8 1.0 8.7
Non-English-speaking for-
@ign horn........cevaeeaas 2,735 .5 .9 66.7 68.1 2.9 1.4 1.1 5.4
TOtal.eenenernnrnannnnnns 6,215 .7 9| 50.2| sL8| 42| 9| .9 6.0
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TABLE 56.—~ACCIDENT FREQUENCY AND SEVERITY 'RATES FOR AMERICAN-BORN
AND ENGLISH AND NON-ENGLISH SPEAKING FOREIGN-BORN GROUPSIN A LARGE
STEEL MILL, 1906 TO 1913, BY Y EARS—Concluded.

Accident frequency rates Accident severity rates
(per 1,000,000 hours’ exposure). (per 1,000 hours’ exposure).
Num-
ber of
Grouyp. work- Perm?- Tem- Permta- Tem-
ers, nen orar, nen orary
Death. [ gon° | POfAY | Motal. | Death. | giaw | Pdieny | Total.
bility. | bility. bility. | bility.
1910.
Americanborn.............. 1,843 0.4 0.2 22.4 23.0 3.3 0.2 0.3 3.8
English-speaking foreign
A1) o + DO 3,283 .2 .6 16.3 17.1 1.8 ] .2 2.5
Non-English-speaking for-
eignborn.......ooaoaaaa... 2,516 1.1 3.0 74.9 79.0 9.5 1.4 1.4 12.3
Total.eoeeiiereeacnnnnnns 7,642 .5 1.3 37.0 38.8 4.7 1.1 .6 6.4
1911, .
Jém%riﬁan boll;r) RS RiEn 1,369 1.0 1.0 25.8| 27.8 8.8 o4 .4 9.6
nglish-speaking fo
[3Y0) s DO 2,446 .5 1.1 28.3 29.9 4.9 1.2 .8 6.9
Non-Enghsh-speaking for-
eignborN....ovvievnrnnn.. 1,959 .2 1.5 54.3 56.0 1.5 1.4 1.1 4.0
Total.eseveemirianennnnns 5,774 .5 1.2 36.5 38.2 4.7 .8 7 6.2
1912,
Americanborn.............. 1,863 |........ 11 28.8 29.9 |........ .6 .5 11
Bnglish-speaking foreign
|13} ¢ « PO 2,656 .1 2.4 29.7 32.2 1.1 2.0 .6 3.7
Non-English-speaking for-
eignborn.......cooiienann 2,887 .5 2.7 82.2 85.4 4.2 2.4 1.5 8.1
Total.oeeeevenenernnnnnns 7,406 .2 2.2 49.9 52.3 2.0 1.8 .9 4.7
1913.
%mg]elgi%an bo]xgl ory: JOTON 1,782 .6 .9 18.9 20.4 5.1 .2 .3 5.6
nglish-speaking foreign
Nborl%...E.l.l....g..k. ..... .| 2,472 .7 W7 27.0 28.4 6.1 .6 .5 7.2
on-English-speaking
eign borN..eeeeecnnens ... 2,877 .5 2.7 83.2 86.4 4.2 2.4 1.5 8.1
Total.cieeeeeenncansonenn 7,562 .6 1.5 37.9 40.0 5.6 .7 .8 7.1
1906-1913.
American born..eec.veaeanns 12, 587 .7 .9 28.6 30.2 4.1 .7 .5 5.3
English-speaking foreign
N or}x;...l..h......k.i......f.... 18,746 .8 1.3 30.8 32.9 4.7 1.4 .7 6.8
on-English-speakin, or-
eign bgrn. . p ...... g ....... 22,910 .9 2.2 67.8 70.9 5.1 1.5 .9 7.5
Total.ceeeerenonannonnans 54,243 .8 1.6 45.9 48.3 4.7 1.4 .8 6.9

It is very noteworthy that, in all the years covered by this table,
the non-English speakers not only had the highest frequency rates
but show little if any improvement from year to year. In severity
the non-English speakers show the highest rates in five out of the
eight years covered and show much less improvement than do the
English speakers.

An examination of the combined data for the eight years will dis-
close that the non-English speakers have a frequency rate 2.3 times
that of the American born (70.9 against 30.2 cases per 1,000,000
hours’ exposure) and a severity rate 1.4 times as great (7.5 against
5.3 days per 1,000 hours’ exposure).

Table 57 shows the composition of the working force from 1915 to
1919.
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178 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 57~NUMBER OF AMERICAN BORN AND ENGLISH AND NON-ENGLISH-
%'PEI?&%%ING FOREIGN-BORN WORKERS IN A LARGE STEEL MILL, 1915 TO 1919, BY

Group. 1915 1916 1917 1918 1919
American born. ... .....ociiiiiaiiiiiiiie o 1,401 2,223 3,679 3,702 4,185
English-speaking foreign born....................... 1,877 2,710 4,275 3,986 3,730
Non-English-speaking foreign born.................. 2,012 3,326 2,774 2,777 1,162
5,290 8,259 10,728 10, 465 9,077

It proved to be impossible to determine with reasonable accuracy
the ability to speak English of those injured during the 5-year
interval. The table shows an interesting modification in the pro-

ortion of American born and Enélish speakers in recent years.
R‘hjs is due largely to the shutting off of immigration during the war
and the introduction of colored laborers. The effect of this change
on accident rates can not be determined at this time. .

DAY AND NIGHT ACCIDENT RATES.

The imi))ression that the night turn is less dangerous than the day
turn has been quite prevalent among safety men. This impression
has been the result apparently of limiting attention to the compara-
tive number of accidents rather than to comparative accident rates.
The number of accidents on the night turn is almost invariably much
the smaller, because very much fewer men are employed by night
than by day.

In the iron and steel industry there is a definite tendency toward
higher accident rates at night. The following statement summarizes
all the material upon this subject obtained in the course of the present
investigation, together with such data as are available from other

sources:
Higher rates at night have been found to exist in the following cases:
United States. Steel plant with average employmentof........ 8,000
United States. Steel plant with average employmentof........ 5, 000
United States. Machine building plant with average employ-
1105 1170 PN 15,000
United States. Plant producing electrical apparatus, with aver-
age employment of .. ... .. i, 17,000
Germany. Iron and steel industries in Dusseldorf district, with
average employmentof..... e e iieiiiseieceasaeaaen 61,719
Germany. Machine building in Dusseldorf district, with aver-
ageemplovmentof. ... ... ... . il 3,546
Higher rates by day have been found io exist in the following cases:
United States. Steel plant with average employmentof........ 6,000
Germany. Miscellaneous industries in Dusseldorf district, with
average employmentof........ ... ..o il 24,022

There are several factors bearing on the subject of night accident
hazards, some operating in one direction, some in the other. They
may be stated as follows:

(@) Tending to lower the rates at night—

(1) Smaller proportion of relatively inexperienced and
unskilled men.

(2) Less congestion.

(3) Less transportation of material.

(4) Tendency not to undertake difficult repairs.
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(b) Tending to raise the rates at night—
(1) Imperfect lighting.
(2) Unsatisfactory physical and mental condition of the
worker.
(3) Less rigorous supervision.

Apparently up to the present time the forces tending to higher
ratesrl)nave had the greater influence. As illustrations are offered it
will become evident that in the progress of time the disparity be-
tween night and day rates has become less and that in some cases a
condition of lower rates at night has been reached.

Of the factors tending to high night rates imperfect lighting has
naturally received the larger share of attention. ~This is & matter of
efficient operation, and illuminating engineers are showing very con-
clusively that adequate provision in this respect will immediately
return more than its cost in greater output.

Undoubtedly the most dificult problem is that of the worker’s con-
dition at night. This is related in no small measure to the difficulty
of securing adequate recuperation by proper sleep. The experience
of British munition factories shows that continuous night work seri-
ously impairs the efficiency of the workers.® The light and noise of
daytime and the heat of summer conspire to render sleep in day hours
unrefreshing. This discomfort may easily lead to efforts for relief in
themselves injurious.

EXANPLES OF NIGHT AND DAY RATES.

The experience of a large steel plant is shown in the following
charts. These give separately, for the day turn and the night turn,
the frequency and severity rates over a period of years and by depart-
ments,

In the years studied in this plant the frequency rates for night
were in excess in each year and the rates for severity in excess in
each year but one. The night rates decrease more rapidly than
those for the day. This gradual approximation is more regular in
the severity rates than in those for frequency. Improved lighting
has been suggested as a cause. This must have had great influence
but can hardly be the complete explanation. The improvements in
lighting were made at particular periods with intervals of uniformity
between. If lighting were the controlling factor it would naturally
be expected that some rather pronounced change would appear at
the time of lighting improvement. Since the decline in rates 1s fairly
constant some constant cause may be suspected. The use of aleohol
as %ﬁossible influence is discussed later in this chapter.

en the experience of this plant is considered from a depart-
mental standpoint some interesting deductions are possible. The
mechanical and yard departments call for particular notice in this
respect. The high frequency rates at night among mechanics is
doubtless the result of two factors: (1) e night %orce is almost
entirely engaged in what is called field work. §hop work on lathe
and planer is not undertaken as a rule at night, except in cases of
extreme urgency. The force is kept on duty mainly for imperative
repairs needed to keep the mills running, and consequently demand-

ol Health of Munition Workers Committee (Ministry of Munitions). Interim report on Industrial Effi-
eiency and Fatigue (1917), p. 26 et seq.
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CHART 11.—NIGHT AND DAY ACCIDENT RATES IN A LARGE STEEL PLANT, BY YEARS.

[Frequency rate here means number of accidents per 1,000 300-day workers; severity rate here means number of days lost per 300-day worker.}
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CHART 12.~NIGHT AND DAY ACCIDENT RATES IN A LARGE STEEL PLANT, BY DEPARTMENTS.

[ Frequency rate here means number of accidents per 1,000 300-day workers; severity rate here means number of days lost per 300-day worker.]
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182 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

This need for emergency lighting is a point to which lighting en-
gineers should give further attention.

The extremely high night accident rates in yard operations must
be very largely due to the difference in lighting. The moving of
cars, the loading and unloading, and the shifting of materials which

o on at night must be greatly dependent for their safety upon
%ghting whjc%x enables the worker to avoid the obstacle over which
he may stumble and to place properly the objects which he handles.

EXPERIENCE IN THE DUSSELDORF DISTRICT, GERMANY,

In the Archiv fiir Soziale Hygiene (Leipsic, 1910. Band VI,
Heft 1, p. 87) Dr. Walter Abelsdorff presents the following table in
regard to accident rates for the Diisseldorf district of Germany:

. TABLE 58.—DAY AND NIGHT ACCIDENT RATES FOR SPECIFIED INDUSTRY GROUPS IN

THE DUSSELDORF DISTRICT, GERMANY.

Frequency
lf)ll?srfs Number of Number of rates (per
ating workpeople. aceidents. 1,000,000 hours’
Industry group. day exposure).
and
night . . )
shifts. | Day. | Night,| Day. | Night.| Day. | Night.
Mining, blast furnaces, steel works............ 92 | 45,082 | 16,657 | 8,609 | 3,522 64 70
Quarryingkand eXCRAVALING. e voemeaaaeaananas 54| 2,851 | 1,317 2 57 28 14
Metal working............... 15 ) 3,692} 1,658 661 181 36
Machine building, tools, ete.. 14| 2,849 697 542 143 33 70
Chemical industries.......... 31| 8,85 1,410 465 119 17 28
By-products from timber.... P 501 1,810 460 167 33 30 24
Paper making. ..o .oceeemeiieiraeanaeennan.- 9 776 338 72 11 31 11
Food products.. ccueeeercnececneaecinennnnns 18 536 209 27 7 17 11
LT D 283 | 66,541 | 22,746 | 10,787 | 4,073 54 60

A comparison of rates in this table with those in the preceding
table is not possible since the definition of accident used in the
German experience is not the same as that used in this report.

The iron and steel industry and mining taken together show a
higher rate at night. In the text of the article from which the table
is taken it is stated that in large iron and steel works the night rates
exceed the day rates in the proportion of 218 to 188. A comment is
quoted from a Diisseldorf official to the following effect: ¢ Large
iron and steel works lead in respect to special risks to night workers.”’
His explanation is insufficient illumination and less rigorous super-
vision.

A comparatively small group of machine builders shows the same
tendency to higher night rates, as do also the chemical workers.

For tKe main industrial groups presented this German experience
is like that of the majority of tEe American plants examined.

CONJUGAL CONDITION AS INFLUENCING ACCIDENTS.

The question sometimes arises as to whether marriage and the
having of dependents have any influence upon the worker in making
him more careful in the avoidance of accidents.

No special study of this subject was made in the course of the
present investigation.  But, as still pertinent, the results of a study
presented in the earlier report on accidents in the iron and steel
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HUMAN FACTORS IN CAUSING ACCIDENTS. 183

industry is reproduced below in tabular form.®? The table contrasts,
over a series of years, the accident frequency rates of married and
single men. The information was obtained from a large steel plant
having records on this point, and was limited to persons in the aﬁe
up 30 to 39 years in order that assurance might be had that the
azards were substantially the same for all of those included.

TABLE 59.—FREQUENCY OF ACCIDENT OCCURRENCE IN A LARGE STEEL PLANT, BY
CONJUGAL CONDITION, 1906 TO 1910, BY YEARS,

Number of acci Accitdenf frequency
umber of acci- rates 1,000,~
Number of workers. dent cases. 000 hﬁf-s’ 7 X~
Year. ’ pomre).

- : Married | Single | Married | Single
Married. | Single. | Hovers. | workers. | workers. | workers.

1,590 457 299 76 62.7 55.4
1,827 429 288 20 52.5 62.2

882 360 149 31 56.3 28.7
1,350 347 224 60 55.3 57.6
1,89 376 235 41 41.3 39.7
7,544 1,969 1,195 288 52.8 48.8

The number of single men in each of the years is rather small,
but the constancy of the accident rates indicates that such rates
may be accepted as fairly typical. The rates for the married men,
it will be noted, are higher in three of the five years and also slightly
higher for the combined period—52.8 as against 48.8 cases per
1,000,000 hours’ exposure. These differences are not sufficient to
afford lg]round for concluding that either group is possessed of con-
stant characteristics tending to give it a different rate from the other.

POSSIBLE INFLUENCE OF USE OF ALCOHOL UPON ACCIDENTS.

Safety men are thoroughly convinced of the importance of alcohol
as a contributing cause of accidents. To this conviction the reso-
lutions which they have adopted and the propaganda they have
started bear emphatic witness.® In the present study an earnest
effort was made to get at the ground of this conviction and to learn
whether there was a substantial basis for its existence. But infor-
mation of any value on this subject was obtainable in only one
plant. In this plant the night accident rates were found to be higher
than those of the day. The superintendents, without exception,
were of the opinion that alcoholic excess was partly responsible.
The points of their argument were these: (1) The smuggling of liquor
into the plant is more possible by night than by day; %2) a workman
quitting the day turn will, if he uses liquor, be apt to do so in the
evening before going to bed; (3) on the other hand, a man who uses
liquor, quitting in the morning, will be likely to get to sleep quite
promptly, and then, waking some hours before his turn begins, will
drink at that time, and so come to the mill under whatever imme-
diate effect it may have. The superintendents regarded the frequent

82 Report on Conditions of Employment in the Iron and Steel Industry in the United States (8. Doc.
No. 110, 62d Cong., 1st sess.), Vol. IV, p, 168,
63 See  Proceedings of National Safety Council, 1914, pp. 158, 159, 221.
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184 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

aﬁpeargmce of high rates in the early night hours as confirmatory of
their views.

It will be recognized that the determination of the influence of
alcohol upon accidents is exceedingly difficult. In a given injury
the mechanical elements, such as tools or falling objects, can be
determined, but the relation of personal condition to the occurrence
is very complex and practically impossible of exaect determination.

In the case of the plant now under consideration the supervisor
of labor suggested that the records of disciplinary action, kept in
detail in this plant, might shed some light upon the question whether
alcoholic use was or was not more prevalent on the night turn.
Thereupon these records were tabulated, with the following result:

TABLE 60.—DISCIPLINE IN A LARGE STEEL PLANT FOR USE OF ALCOHOLIC

INTOXICANTS.
Discipline rates (per
Number of workers.| X uaber of cases o Hours'
of discipline, pehigd
posure).
Year,

Night. Day. | Night. Day. Night. Day.
1,897 5,688 41 26 7.1 L5
1,129 3,446 44 11 12.7 1.1

, 647 4, 568 40 6 8.1 .4
1,998 5,644 47 12 7.8 7
1,559 4,215 43 18 9.2 1.4
2,094 5,302 28 28 4.5 L8
2,003 5,569 33 19 5.5 L1

12, 326 34,422 ] 276 120 7.5 L2

The above table shows very clearly that in cases of rules violations
sufficiently pronounced to be detected and disciplined the night rate
was very much in excess of that for the day. Since the same dili-

ence of enforcement was dbserved by the management by day as

y night, there can hardly be any other deduction than that rules
violations were of greater prevalence at night. This is not, it may
be noted, an inference regarding relative quantities of alcohol con-
sumed by day and by night, but simply one regarding the time of con-
sumption and its possible effect on the accident rate.

There is another feature worth noting. For the day turn the dis-
cipline rates remain about the same throughout the period, but for
the night rates there had occurred a marked reduction—from 7.1
cases in 1907 to 5.5 cases in 1913. If this decline in rates of disci-
pline represent a reduction in the use of alcohol, it must in part
account for the fact of the more rapid reduction of night accigent
rates which took place in this plant.

DISTRIBUTION OF ACCIDENTS THROUGH THE HOURS OF THE DAY.

Table 61 presents the information as to distribution of accidents
through the hours of the day which has been accumulated durin
this investigation. It includes several groups from the iron and stee
industry and a large machine building plant.
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HUMAN FACTORS IN CAUSING ACCIDENTS. 185

TABLE 61.—DISTRIBUTION OF ACCIDENTS IN THE IRON AND STEEL INDUSTRY AND
IN MACHINE BUILDING THROUGH THE HOURS OF THE WORKING DAY.

Iron and steel plants.
Hour beginning at 1L ‘M‘nga‘fcllﬁne'ral
our beginning at— arge iscel- | buildin otal,
161 small | 122 Targe |, - any,| Large i jpnete pkmt.g
plants plants |~4 plants lants lants
(2 years).| (2 years).| 5 Pears), | (6 years). (.?years).
Day turn.
75 369 79 189 656 39 1
190 846 145 406 1,305 449 3,341
252 1,111 201 430 1,619 601 4,214
300 1,209 244 489 1,840 787 4,869
223 1,109 193 456 1,949 693 4,623
154 170 204 1, 87 494 3,641
1,194 5,294 1,032 2,264 9,248 3,063 22,005
123 524 117 239 709 304 2,016
221 959 187 508 1,433 547 3,855
223 1,076 220 523 1,684 617 4,843
240 1,000 188 472 1,682 522 ;104
153 7 144 385 1,504 362 3,418
82 432 105 219 1,160 109 2,107
Total, afternoon... ........ 1,042 4,111 961 2,346 | 8,262 2,461 19,843
Total, day turn........... 2,236 | 10,065 1,993 4,610 | 17,510 5,524 | * 41,938
Night turn.

66 355 97 228 839 62 1,647
79 416 103 245 851 78 1,767
70 408 107 232 851 63 1,741
63 361 102 256 752 68 1,602
48 375 99 217 753 52 1,588
48 240 64 188 710 33 1,281
374 2,155 570 1,366 4,756 351 9,572
48 209 104 139 433 15 948
43 29 212 493 50 1,191
36 276 81 269 574 42 1,278
46 251 90 194 584 35 1,200
37 254 85 179 546 27 1,128
33 262 62 167 609 30 1,163
Total, second half night. . 243 1,546 521 1,160 3,239 199 | 6,908
Total, night turn. ........ 617 3,701 1,001 2,526 ] 7,995 | 550 | 16, 480
Grandtotal............... 2,853 | 13,766 3,084 7,136 \ 25,505 l 6,074 | 58,418

Table 61 presents in most of its elements and in its total an arrange-
ment which, so far as the iron and steel industry is concerned, may
be regarded as typical. These characteristics are: (1) A larger num-
ber of accidents in the first portion of the working interval than in
the second; (2) in each portion the accident cases rise to a peak and
then decline.

The tendency which brings about this form of distribution is mani-
festly slight, since it appears in more and more marked form as the
groups tabulated become larger. This is exactly what should be
expected if in determining the distribution there is operative some
slight but constant influence.

n the effort to interpret these curves of distribution one encoun-
ters at once two serious difficulties: (1) It may be that the employees
arrive and leave in such a way that the rising curve simply foll%ws an
increasing number of employees on duty and a falling curve represents
withdrawal; (2) There is a possibility that there are constant errors
in the reporting of the hours of accident occurrence which tend to
give form to the curve and to obscure the real distribution.

71087°—22——13
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186 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

Regarding these difficulties the following statements may be made.
In a continuous industry like iron and steel, where the workers are
often paired off, the one on duty not leaving until his “buddy” has
arrived to take his place, the tendency would be-toward a uniform
working foree. The.records of consumption of electric power in
such mills seem to indicate substantial uniformity. The records of
arrival and leaving for one large plant were secured with the inten-
tion of tabulating them. It proved to be so time consuming a task
that the work was not completed, but as far as it was possible to
carry it, it did not appear that the variations of the employment
curve were sufficient to account for the accident curve. The accident
shift in the course of the working tperiod is doubtless in some part a
response to a changing number of workers, but this influence is by
no means sufficient to account for the entire movement of accident
curves.

It is evident that there is a definite tendency to record the time of
accident occurrence as of the nearest hour. Eyor example, in arrang-
ing 1,600 cases to the nearest five minutes as reported, it was found
that 52 per cent were set down as having happened exactly on, the
hour and 26 per cent at 30 minutes past the hour. This tendency to
set down the nearest hour would tend to produce congestion at
points having a full half hour both before and after them. Such
points are 8, 9, 10, and 11 in the forenoon and 2, 3, 4, and 5 in the
afternoon. When the cases recorded as of these hours are separately
tabulated they show curves in all respects similar to those obtained

"y tabulating all the reported hours.

It seems probable that in establishments which give some attention
to accuracy in r?orting the hour of occurrence and particularly
where there is a double record, such as a foreman’s report and an
emergency room notation, which can be checked against each other,
the tabulation of the recorded hours gives a substantially correct
indication of distribution although the individual records may not
be correct to the minute. Any attempt to use smaller divisions of
time than one hour would certainly give unreliable indications.

The reporting of the hour to public agencies must be regarded as
so liable to error that dependence can not be placed on their records.
It is evident from observation of reporting methods that from time
to time the hour figure is filled in from memory considerably after
the time the fact occurs. Under such circumstances the occurrence
will very likely be correctly located in the part of the day, but the
tendency will be to assign 1t to an hour somewhere near the middle
and so artificially to increase the peak in that vicinity.

It was thought to be desirable, with the material represented in
the last column of Table 61, to test the question whether the severity
of accidents would show a distribution similar to that shown by the
frequency. It was found that while the peak in number of cases is
reached 1 the hour beginning at 9 o’clock in the forenoon the highest
severity is found in the hour beginning at 11, closely followed by the
hour beginning at 7. The other hours are entirely irregular. In the
afternoon the frequency peak is in the hour begmning at 2 o’clock,
while severity reaches its climax in the hour beginning at 3.

It is evident either that the forces which determine the curve of
accident cases are not sufficiently strong to influence the distribution
of severity or that the volume of data 1s insufficient to disclose any

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



HUMAN FACTORS IN CAUSING ACCIDENTS, 187

law of distribution. It seems likely that, since the cause of severe
injury is very often some obscure defect in the apparstus which is
likely to become evident at any time, the effect of a very large volume
of data would be to show a practically uniform distribution of severity.

RECENT STUDIES IN DISTRIBUTION.

The United States Public Health Service has recently issued a
bulletin (No. 106)**devoted to a detailed study of what is undoubtedly
the largest and most carefully gathered body of data ever assembled
on this subject. Since the new matter included in this publication
suggests a review of the material contained in Bulletin No. 234 of
the Bureau of Labor Statistics the consideration of them will be
combined.

It has long been clear that for any soré of understending of the
significance of accident curves through the hours of the working day
it is necessary to know not only the accident distribution but the
facts regarding production from ‘iour to hour in the same processes.

Accordingly, opportunity was sought to secure such information.
It hardly need be said that this is very difficult, since it is not usual to
maintain such records by hours. Finally it was found that a group
of mills for which the accident distribution was known over a period
of years were making from day to day a record of hourly eutput.
This was not usually preserved for any considerable period but on
request the records were kept. The following table shows the result
in detail and the chart shows how a curve for all the mills combined
compares with the accident curve of the same mills.

TapLE 62.—PER CENT OF TOTAL PRODUCTION OF DAY TURNS ACCOMPLISHED DUR-
ING EACH SPECIFIED HOUR OF EMPLOYMENT IN NINE MILLS OF A STEEL PLANT,
SEPTEMBER, 1912, TO APRIL, 1013.

Besse-
mer

con- 112
{ verter. mill A. | mill

Slab- | .. | Strue- [ Strue-
bin Rail | tural- | tural- | Plate | Plate
if | mill. | iren | iron |mill A.|mill B.

|

:
-
Gl

Hour ending at—
A.mill B.

6.37 6.43 6.97 8.21 6.74 5.78 8.18 8.23
8.02 8.20 8.10 7.82 6. 96 7.25 8.2 8.50
8.31 8.62 8.07 8.36 8 24 7.99 8. 11 8.39
8,58 8.85 8.36 8.54 8,02 8.65 8.20 7.97
8.65 8.69 8.23 811 8.391 9.05 8.23 8.08
8,92 8,53 8.61 8.85 8.70 8.50 8.64 8.41
8.961 867 8.62 8.02 8,67 9.00] 872 8.44
9.36 9.14 8.68 8.77 9,41 9.37 8,69 8.76
9.35 9. 56 9.18 9.18 9.41 9.19 9.08 9,02

Theoretically fatigcue should affect these curves in one or both of
two ways: (1) With the onset of fatigue to any notable degree the
product should decline, because of the lessened capacity of the body
for precise and exact reactions, or (2) the accident occurrence should
increase if, by an effort of the worker, production is maintained in
spite of fatigue.

In the table and chart presented the precise opposite of .these
naturally expected results is shown to have occurred. Toward the
end of the shift when fatigue is mnecessarily most- pronounced the
production curve is rising and the accident curve falling.

6 Comparison of an 8-hour with a 10-hour piant. By Josephine Goldmark and Mary D. Hopkins.
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CHART 13.—HOURLY ACCIDENT RATES AND HOURLY PRODUCTION.
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HUMAN FACTORS IN CAUSING ACCIDENTS. 189

It is perfectly clear that in such mills as those under consideration
there is great opportunity for the intrusion of other factors than the
personal condition of the worker which may determine the course of
production and mask entirely the effect which fatigue must neces-
sarily have.

The only other information which the authors of Bulletin No. 234
were able to secure was the record of output for stamping presses
which were equipped with automatic counting devices. It was not
possible to extend this count over a long period nor to include a
great number of machines. When, however, these presses showed
the same increasing product from hour to hour as that shown by the
steel mills, it was impossible to reach any other conclusion than that
embodied in the following quotation (p. 154):

Itis not possible to show that fatigue is anywhere distinctly registered in the curves
which have been plotted. The chief practical outcome of the study has been to
call attention to the prevalence of high rates at night and to emphasize the necessity
of adequate lighting and other measures tending to greater safety in night work.

It was by no means the intent of the authors of Bulletin No. 234
to “abandon’ fatigue as a factor in the situation but simply to point
out that it was masked in the curves that developed from the material
at hand. With this in view they offered a “ provisional explanation
applicable to the case as it stood but subject to modification should
later study show that their material was exceptional. Further
comment will be made after presenting the more recent results.

The Unated States Public Health Service Study.—The study presented
in Bulletin No. 106 is based upon material gathered in two large
establishments in which the investigators were given every possible
opportunity to assure themselves of the accuracy of the basic records.

The results which are of present interest are embodied in four
charts. Three of these -are based on observations made of three
types of work, namely, machine work, dexterous hand work, and
muscular hand work. The fourth is a composite chart covering the
experience of one entire plant. This last, as including much the
larger body of workers and the greater number of accidents, is chosen
for reproduction in a changed form here. It is projected on a
logarithmic scale as being both easier to read and as expressing
more exactly the important fact, which is the rate of change from
hour to hour.

Inspection of the chart will show that the accident curves are sub-
stantially the same as those of the data assembled and published by
this bureau heretofore. It is a fair guaranty of the essential accur-
acy of these earlier compilations, gathered under conditions preclud-
ing the application of certaln precautions regarding accuracy, that
they so c{)osely resemble these in which greater care was possible.

hart 13, based on steel-mill data, shows a rising production
through the entire day turn and nearly as constant a rise during the
night turn. A similar condition appeared with the small group of
press hands. These two compilations were all that was available
when Bulletin No. 234 was completed. Chart 14 shows an accident
rate curve in essential agreement with the curve shown in Chart 13.
The production curve is quite different. It rises during four hours
of the morning spell and then declines. There is a slight recovery
in the first hour of the afternoon, followed by a decline which be-
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-190 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

comes notably rapid in the last hour. Toward the close of the day
the accident rate is falling and the product is falling still more rap-
idly. As a result the acmdent‘proﬁcb ratio increases.

The constancy of these results in the various conditions under which
test was made raise a probability amounting almost to certainty that
such a decline in product would be found to occur in all similar opera-
tions and that this decline is due to the influence of fatigue.

The relations between the accident and production curves disclosed
for the departments of the steel plant must be regarded as typical
for such plants until it can be shown that in similar mills a different
distribution has prevailed for a period sufficient to be fairly com-
parable with the mills here presented. Evidently in this case other

Crsrt 4.—HOURLY VARIATION IN ACCIDENTS, ACCIDENT-PRODUCT RATIO, AND
PRODUCTION IN A MUNITION PLANT.
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factors influence the situation to such a degree that the effect of fatigue
-is comi)lletely masked.

In the case of the press hands discussed in Bulletin No. 234 the
extent of the data both in time and in quantity is so small as compared
with that shown in Bulletin No. 106 that the fact that the two com-
pilations are not accordant can not be regarded seriously. The more
recent data are so extensive and so carefully gathered that the con-
f)lusions based upon them must be regarded as having a substantial

asis.

Bulletin No. 106 seems to establish very firmly the fact that fatigue
is an influential factor in determining the distribution of accidents
through the day. Some statements regarding it, however, require
qualiﬁgcations which the authors have not made.

For example, in the general conclusions are these: “(a) In the
absence of fatigue, accidents vary in direct proportion to speed of
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HUMAN FACTORS IN CAUSING ACCIDENTS. 191

production. * * * (d) The level of accident rates varies in-
versely with the experience of the worker.” Statement (a), in the
unqualified form given, is not consistent with statement (d).

The experienced worker has characteristically a high speed of pro-
duction and a low accident rate. The beginner has low production
speed with a high accident rate. These relations are wholly apart
from and independent of fatigue. With the beginner it is not his
speed but his effort at speed combined with his lack of skill which
has disastrous results.

If, as seems established both by laboratory test and shop experi-
ence, there is a period with every worker beginning a task in which he
passes from a condition resembling a beginner to the full value of
such experience as he may have attained this change not only may,
but must, have some influence on the curve of accigent distribution.
The suggestion, based on the inadequate data regarding press hands,
that this ‘“recovery of skill” might extend into the afternoon is
probably, in view of the later developments, not reasonable. This
should not lead to omitting it entirely from consideration. Tt still
seems reasonable to urge that the following statement in Bulletin
No. 234 (p. 159) is valid to some undetermined point during the
morning hours:

At the outset of any effort there is a certain lack of harmony between the will and
the nervous and muscular agents by which results are attained; the coordination
is not perfect. If along with this imperfect coordination there is some motive, of

whatever character, leading to effort for increased speed * * * the product will
rise and the accident curve will rise more rapidly.

Such a rising product with a_more rapidly rising accident rate to
some (Il)oint in the morning spell is a conspicuous feature of Charts
13 and 14.

It is distinctly unfortunate that the authors of Bulletin No. 106
should have chosen to designate their “‘ accident-product ratio’’ as the
“accident risk.”” Risk is something which pertains to workers rather
than to product. It has happened in the past that the rate of acci-
dent ““per 1,000,000 tons mined’’ has been presented as evidence of
improving conditions, when the actual risk to the men was materially
increasing. The ‘“ accident-product ratio’”’ does not in itself disclose
the risk to the men and should not be presented in a form to suggest
that it does.

In fact, different portions of the curve corresponding to the “ acci-
dent-product ratio’’ must have a different significance. For example,
in the forenoon a rising product is accompanied by a rising accident-
product ratio; in the afternoon a declining product is accompanied by
a similarly rising ratio. There is no reason for thinking that this
course of the ratio has the same significance in both cases. The
morning rise must be largely due to the readjustment of the worker
to his task, already mentioned, while the afternoon rise is doubtless
in correspondence to developing fatigue.
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CHAPTER VIIL—“ENGINEERING REVISION.”

The safety man has been too much occupied with the urgent

roblem of meeting the immediate situation to take many long
E)oks ahead. From time to time there has arisen in his'mind the
interesting question “ How far am I expected to go?” “Is it reason-
able to look forward to a time when serious accidents will have
become so few that their occurrence will be a matter of surprise or
must we look forward to a constant and huge toll of human life and
limb from year to year?”

Until very recently it has been the prevail f belief that practical
elimination of serious and mortal in%ury could not be regarded as
something even to be hoped for. The study of accident causes
which has occupied the preceding chapters suggests very pointedly
that while the minor accident which causes a few days’ disability
must probably continue in some degree, it is the privilege and duty
of industry to make its conditions so safe that serious injury will
be of exceptional occurrence. This conclusion is based on close
analysis of the experience of the iron and steel industry, but in a
broad way it should be applicable to all industry.

Before presenting the evidence regarding the importance of
“engineering revision” it is necessary to indicate carefully just
what is meant by the expression. ile it is steadily gaining
recognition as a useful expression, it is still new enough to require
some explanation.

* It was devised to include in a single brief expression the widest
possible application of engineering skill to the safety of industrial
plants. It would include the design and location of the buildings
with special reference to the necessary connection with transporta-
tion facilities, ready and safe access ‘to every point where workers
must go, the provision of adequate and properly arranged lighting,
the provision of machines designed from the safety standpoint
and the guarding of such machines of faulty design as the plant
was unfortunate enough to have, and proper attention to all dan-

erous conditions. It is a fact that safety men themselves are

ardly aware of the extent of the changes which have gradually
occurred under their supervision. It is much more impressively
evident to one who saw conditions before the safety man began
his work and who returns after an interval and notes the transfor-
mation.

Why should so obviously important an item in the accident pre-
vention effort have been relegated to a secondary place and even
regarded as having only temporary importance? 'There are two
reasons which have been most influential: .

(1) Accident prevention has grown out of the system of em-
ployers’ Liability. Under that system it was necessary for the em-
ployer for self-protection to make the most of his possible defenses,
of which the most important was negligence on the part of the worker.
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‘¢ ENGINEERING REVISION.’’ 193

It has not been possible thus far to escape from that habit of mind
which ascribed much to the “ carelessness” of the worker and stressed
little the importance of safe tools, safe machines, safe practices,
and safe construction. Carelessness and ignorance on the part of
the worker are a prolific source of minor injury. The organization
of safety committees and the active propaganda undertaken in the
interests of safety had an immediate and striking effect in reduc-
tion of minor injury. With it went a moderate decline in severity,
due, as will be shown, mainly to engineering changes. It some-
times happened, however, that in the midst of conspicuous success
in removal of minor cases an actual increase in the severer injuries
occurred. It is not too much to say that if personal carelessness
were entirely eliminated the effect upon serious and fatal cases
would be slight if the engineering defects went unremedied.

(2) Until very recently safety men and accident statisticians have
confined attention to the frequency of accidents and have used no
method by which changes in severity could be easily detected and
remedies suggested. The vast majority of the accidents occurring
in the iron and steel industry are of minor character. When those
producing disabilities not extending beyond the day of the accident
are left out of account nearly or quite 50 per cent of all injuries
reported caused disabilities terminating in one week or less. In
spite of their number these short-term disabilities are of compara-
tively small importance from the standpoint of severity. The
accidents resulting in death, although constituting only about 1.5
per cent of the total number of accidents, caused a total loss of time
amounting to more than 65 per cent of the total time losses caused
by accidental injuries.

In order to study the influence of various methods in controllin
accident occurrence it was necessary to develop and agply a metho
of severity rating such as that described in Chapter II. The essen-
tial feature of this miethod is the use of a scale of equivalents, ex-
Eressed in terms of work days lost, for such cases ag death, loss of

and, etc. For example, the average age of those killed in industry
is about 30 years. At 30 years the expectation of working life is
about 20 years or 6,000 working days. This figure is accordingly
used to translate the fatal cases into terms the same as those which
determine the severity of temporary disability.

By a study of the severity rates resulting from the application
of tﬁis method in plants where the structural changes which had
occurred during the same period were known it became possible for
the first time to get some measure of the influence of such changes.

It is proposed now to show that in many cases it is possible to con-
nect directly certain items of ““engineering revision’’ with definite
improvement in the severity rates and to contrast these changes
with the corresponding changes which may be attributed to the
exercise of greater personal caution.

The material will be presented under three heads: (1) Departments
of the iron and steel industry; (2) deaths in the industry; (3) nature
of injury causing death.
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194 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

ACCIDENT CAUSES, BY DEPARTMENTS, OVER A PERIOD OF YEARS.
BLAST FURNACES.

In the blast furnaces under consideration hot metal “breakouts”
contributed to the severity rate more largely than any other cause in
the early years of the period. From 1910 onward this cause practi-
cally disappears. Its disappearance was due to structural changes
which increased the resistance of the furnaces to such an extent as to
eliminate the breakouts.

Second in importance as a cause of serious accident in the earlier
years was asphyxiating gas. Breakouts and gas furnished 50 per
cent of the severity rate in 1906. The situation regarding gas has
been improved mainly by such structural improvements as carrying

. the gas mains high in the air and providing more effective control by
means of improved valves. In addition protective devices, such as
oxygen helmets, have been provided for use when it is necessary to
go where gas is necessarily present.

When examination is made of the accident rates for those causes
which are more affected by the personal care of the worker, it is
evident that while accident reduction of great importance has
occurred it does not approach in significance that arising from the
control of the above causes to which engineering revision was applied.
For example, ““falls of worker”’ may be regarded as greatly influenced
by personal care. In these blast furnaces the severity rate reduction
was 0.47 day @. e., from 1.87 days to 1.40 days lost per 1,000 hours’
exposure) between 1906 and 1913. This may be compared with a
reduction of 14.71 days in case of injuries due to hot substances (i. e.,
from 15.14 days to 0.43 day) and a reduction of 2.50 days (. e., from
3.83 days to 1.33 days) in the case of injuries due to asphyxiating gas.

Even these statements do not present the case fully. In the early
days there were one or two deaths annually from falls of painters
engaged upon the stacks or stoves. The provision of a suitable
sling and seat for painters has entirely eliminated such deaths.
Furthermore a considerable portion of the reduction of 0.47 day for
falls of worker may be attributed to such mechanical contrivances as
safer ladders, railings on runways, and similar provisions.

Personal care must be very important in the reduction of accidents
due to handling objects and tools. In frequency the decline was
notable but in severity it was but 0.30 day from 1905 to 1913, an
amount altogether insignificant when compared with that produced
by engineering change in hot substances and asphyxiating gas. It
must not be forgotten that part of this small saving was the result
of better engineering in the matter of safer tools kept in better
condition.

From whatever point considered these blast furnaces give evidence
of the high importance of engineering revision in bringing about
reduction of accident severity.

OPEN HEARTHS.

In the open-hearth department injuries caused by cranes show
high severity in the earlier years, particularly in 1907. This can be
connected directly in a number of cases with structural defects then
prevalent, such as absence of footwalks, poor access to the crane
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¢ ENGINEERING REVISION.”’ 195

cage, and overhung gears. By 1911 these defects had been largely
corrected and severity rates dropped markedly and continuously.

In injuries caused by hot substances, explosions other than ingot
are the main cause of the early high severity rates. It is obvious
that the carefulness of the individual workman can do little to pre-
vent such explosions. When they occur some workmen are inevitably
killed or injured more or less severely. There is rarely any warning
to enable those exposed to escape. The lessened severity rate of
recent years is mainly due to revisions in structure and in method
which were primarily introdueed to favor production. They both
lessen the likelihood of explosion and protect the worker when
explosion comes. These structural revisions have not been rated at
their true value from a safety standpoint because, as stated above,
they are almost all related to production.

The reduction of the severity rate for injuries due to power vehi-
cles must be largely attributed to improved transportation facilities.

The cause groups noted above are obviously those in which engi-
neering revision might be expected toshow thelargest results. This
expectation is fully borne out by the figures combining these groups.
They show a decline from 13.0 days in 1907 to 2.3 days in 1912, or
82 per cent. In such cause groups as ‘ handling objeets and tools,”
where personal care is a larger factor, the decline was little or nothing.

If frequency is considered the showing is very different. The
cause groups dependent on engineering improvement declined in
frequency rates from 39.3 cases per 1,000,000 hours’ exposure in 1907
to 21.5 cases in 1912, or 45 per cent. From 1907 to 1914 “handling
objects and tools” declined 50.3 per cent. On the basis of frequency
personal care had decidedly the better record. How completely the
record is reversed when severity is considered is emphasized when it
is remembered that while ‘“handling objects and tools”’ was making
the notable reduction of 50.3 per cent in frequency, this cause group
showed no decline in severity.

ROLLING MILLS.

In heavy rolling mills the only cause of injury about which it is

ossible to make a positive statement is the overhead crane (see
Ji‘able 27). The reduction in severity rates recorded is mainly due
to better cranes, better chains, and improved operative methods.

Of tube mills it may be said that the lessened severity rates may
very properly be attributed in considerable measure to increased
personal care. In such mills there are many opportunities to elimi-
nate moderately severe accidents by greater skill and care on the part
of the men. Fatalities do not occur often enough in tube mills to
give opportunity to form a conclusion.

MISCELLANEOUS DEPARTMENTS.

In plate and sheet mills (Tables 30 and 31), in the mechanical
department (Table 33), and in the fabricating shops (Table 34) it
is difficult to decide which factor—personal care or engineering
revision—has had the greater influence on the severity rates. Since
many of the operations are of a personal and manual nature it is
fair to give considerable importance to individual care. Making
all allowance for these facts, it still appears that in cases of high
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196 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

severity many of them involved some structural defect admitting
of remedy.
YARDS.

In the yard department injuries caused by hot substances show a
remarkable decline in severity rates (Table 35). Most of this is
clearly attributable to improved methods in the transport of hot
metal.

When the power vehicle as a cause of accident is studied it becomes
evident that the introduction of automatic couplers, the provision
of adequate clearances, improved loading methods such as the use
of magnets, better systems of signaling, and the elimination of grade
crossings have been the main factors in the decline in severity which
has taken place.

FATAL INJURIES.

Fatalities, when adequately weighted, are more influential than
all other elements in the severity rate. It is accordingly of the
greatest significance to consider the cause of such occurrences and
to appraise the value of the measures taken for their prevention.

It was possible to consider 372 cases of death from this stand-
point. These deaths occurred in plants employing an average of
247,038 workers. The fatality rate was 0.50 per million hours’
exposure. This may be compared with 0.40 for the entire industry.
Clearly these plants were not exceptional in character. The follow-
ing table lists the 372 deaths by causes:

Causes of 372 cases of fatal injury in the iron and steel industry, 1910 to 1914,

Engines, Motors, €00 e i ieieeineeniniiiaeeeitaneacccaacaccsocncnacaneans 3
T ransSINISSION GOAT e et ere e it ieiiitieerseciascnaencsccsssasacasonsnncannn 3
Working machines: ==
- § T - AU P 2

L0 41 b T 2
Olling and cleaning....covee i it iiiia i iiicereresacannn 2
Repalring. . .. oei ittt iiiiieeieeetnaeccasecctoasosacncasasccacnnnnan 5
Objects Hying. ccvvneeiiiii ittt itteiiseecctacnsacanannn 4
Miscellaneous. .. vveeiie it iieeiieeiateesaceccctcnctctccssscascasannn 2
17

1

3

3

7

8

Cranes and hoists:
Operating. .. oo ettt it iii i tea e e ireaeaeaana
Oiling and €leaning...eeeesennerirriiriiii ittt
o3 T
Breakage...uee it ieeeieir e
Falling loads. ..o et e 23
Hoisting and lowering....ccoieieiiiiiiiiiieiiiiiiieiiieieineneannnn.
PR ETuTY D (1o 32

Total...........:... ................................................... 77

Hot substances:
|2 ETe] 7 Tt PP
g 83 L o £
5 075 o173 -
Hot metal flying
Flames....ceeeeieieieeennennnnnncenn
Miscellaneous. ........
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Falling objects:
Collapse of building, etC.....c..oooo it it
Stored or piled materials........oooiii i i
From trucks or vehicles.......................
From buildings, scaffolds, etc
Miscellaneous............... .. ..o.iee.....

.................................................................

Falls of worker:
From ladders.........
From scaffolds......
From vehicles. .........
B 03 T (ol 1

Into openings

Miscellaneous

...........................................................

.................................................................

Handling tools and objects:

Tools in hands of worker. ... ..ot iiin it i it cciaieaceaenaaannn 1
Loading and unloading. .. ..coiiioiiinironiiiaieeeeiacnereaeaaaanenn- 3
Objects flying from t00kS..cvveeeiiei it i ieeeaaaaaaes 1
o3 Y 5
Power vehicles. ciitii i e it iiirrrrareetectcr e eaa e 57
Miscellaneous:
Flying objects not otherwise specified. .....ccveerirreiieeienereennenenn- 4
ASphyXiating @a8. .o eenniiin i i it ea 19
1 - U 4
Moving objects not otherwise specified.......cooiiaiii oL 6
Miscellaneous. ... i e 6
L0 Y 39
Grand total....... e i 372

It is necessary to state the principles upon which the following
interpretation of these death cases rests:

First. It is assumed that it is the primary duty of the safety man
to make conditions safe rather than to educate the men to avoid
unsafe conditions over which they have no control. In considering
any given case, if it appears that the immediate cause of the accident
was some weakness in an appliance, or faulty construction, or poor
arrangement, which, if remedied, would have prevented the inju
no amount of so-called “contributory negligence’ on the part of g
man is considered sufficient to transfer the responsibility to him.

Second. The fact that an apparatus can be used with entire safety
by the exercise of special care 1s not regarded as excusing the failure
to provide safer apparatus. For example, a ladder without safet
feet may be used on a hard floor by taking certain precautions. If
a man falls and is killed under such circumstances the unsafe appa-
ratus is regarded as the point to be considered rather than the failure
to take the possible precautions.

Third. The costliness of remedying structural defects, even to the
extent of entirely reconstructing a mill, should not bar its
consideration.

The cause groups of the table will now be followed and commented
upon in the order in which they appear:

’
e
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198 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Engines and motors caused three deaths. Two of these could have
been avoided by the guarding or removal of projections on the mov-
ing parts.

Transmission gear caused three deaths. Two of these were due
to projecting set screws on shafts.

In working machines, 9 out of 17 deaths were due to mechanical
or other conditions which should have been remedied and over which
the operator had little or no control.

Cranes and hoists were the cause of the largest number of fatali-
ties—77. One which occurred in operating a crane was due to some
defect in the electrical control of the crane. Three, which were of
oilers, were attributable to the necessity of approaching moving parts
not properly guarded. Seven due to breakage were all preventable
by proper design or greater strength. Of 23 due to falling loads,
some weakness 1n the crane, imperfect chains, faulty signals, or some
other condition which the management should have improved was
a factor in all but one case. Some of these involved an element of
contributory negligence, but if this had not been combined with

«  mechanical defects no accident would have occurred. Miscella-
neous causes incident to cranes and hoists contributed 32 cases, of
which 10 were clearly due to defects such as absence of footwalks and
of proper means for reaching the crane cage. To sumup, 43 out of
77 cases in the operation of cranes and hoists could have been pre-
vented by better design in the crane and such operating methods as
now prevail. It may be strongly suspected that into the other 34
cases there entered not infrequently elements of unsafe practice or
imperfect structure for whose presence the workers were not respon-
sible and which no education of them could remove.

Hot substances caused 76 fatalities. Sixteen of these were due to
electric burns, and of these 13 were preventable by the kind of con-
struction now in common use in electrical installation. Of 12 deaths
due to explosions, 7 were of a kind which could scarcely occur at
present with the improved modern practices. Hot metal caused 40
deaths, and in 32 of these bad method or imperfect structure had a
part. For each condition under which these 32 cases occurred an
effective remedy has been found. It should be emphasized that this
does not mean teaching the men caution. It means a correc-
tion of faults in the apparatus and in methods of using it. Not
fewer, therefore, than 52 out of the 76 deaths due to hot substances
presented problems of revision of structure and methods.

Of 50 deaths due to falling objects 29 were preventable by appro-
priate structural changes.

Falls of worker caused 45 deaths. Of these 22 might have been
prevented by better scaffolds, stairs, platforms, railings, and other
structural provisions which are now regarded as a matter of course.

Of 57 deaths due to power vehicles 34 were the result of causes
such as the following: Failure to install automatic couplers, inade-
quate clearance between cars and buildings, grade crossings upon
which men could come without being able to see the approaching
locomotive, bad signal systems which permitted cars to be shunted
down upon standing cars under which men were at work, and absence
of proper grab irons for getting on and off cars. None of these pre-
sent any insuperable difficulties to the engineer..
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‘“ ENGINEERING REVISION.”’ 199

There were 19 deaths from asphyxia. All of these were related
to imperfect gas mains, unventilated inclosed spaces, leaky valves,
and other conditions involving changes in the apparatus.

To summarize this examination, 212 out of 372 deaths, i. e., 57 per
cent, could have been prevented by some engineering revision. This
can be said without qualification. It can not be said that all the
other 43 per cent would have been amenable to educational methods
in response to which caution would insure safety. In only about 10
per cent of these deaths would it be safe to say positively that the
man’s own carelessness clearly appears as the major factor. In the
remainder either no conclusion is justified by the record or there is a
mixture of contributory ne§ligence with possible structural imper-
fection impossible to untangle.

The above compilation l(])? fatal injury cases represents a combina-
tion of data for the years 1910 to 1914. It is of interest to compare
with it a body of material for a group of plants for the year 1916,
that year being one of extraordinary activity in the industry. In
this group of mills, with 84,305 workers, 72 deaths occurred. This
is at a rate of 0.29 cases per 1,000,000 hours’ exposure as against the
rate of 0.50 for the preceding group for the years 1910 to 1914.
This lower fatality rate represents a distinct improvement, the
probable result of very extensive structural revision made by these
plants. In spite of this improvement, however, an analysis of the
72 death cases indicates that at least 58 per cent of them invelve
elements of structural defect or improper operative methods.

ANALYSIS OF THE NATURE OF INJURY IN FATAL CASES.

Further light upon the possibility of reducing the number of
serious accidents may be derived from a study of the nature of the
injury causing death. This is desirable also because the consideration
of rates and distribution from year to year comes to have a rather
formal interest and fails to give due emphasis to the vital importance
of these cases.

The nature of the injury causing death was available in 956 cases.
In the following table they are distributed according to the nature
of the injury and the part of the body affected:

TABLE 63.—NATURE AND ANATOMICAL LOCATION OF INJURIES CAUSING DEATH IN
956 CASES IN THE IRON AND STEEL INDUSTRY, 1805 TO 1014.

Anatomical location of injury.

Nature of injury. 1 Hesa
| Heas S
goner A Sknll, Sealp. Face. Neck. Back. Chest,
Bruises, cuts, lacerations, and | ]
PUNCLUTES . - o ceenrenmaanas [ 2 IR FRRTN RO, 1
Bruises, ete., with infection.....
sand seslds. .......

Concussions. .

1 Includes 2 cases of decapitation caused by hot rod.
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200 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 63 ~NATURE AND ANATOMICAL LOCATION OF INJURIES CAUSING DEATH IN
956 CASES IN THE IRON AND STEEL INDUSTRY, 1905 TO 1914—Concluded.

Anatomical location of injury.

Nature of injury. Not
0
located.

Abdo-

‘men. Total.

Pelvis.| Arm. { Hand, | Leg. | Foot.

Bruises, cuts, lacerations, and punc-

26 |. - 37

Bruises, etc., with infection

Burns and scalds........... 136
Burns, ete., with infection. .. .- . 2
CONCUSSIONS. cevveerennrnirasennanans ceveene- e 5
Dislocations... ....c..cocoiiiiiiil IO . . ceeeenas 1
Fractures.. . ..c..ovoeeiicnineaieane. . 585
Fractures, with infection............. PO 3
Traumatic dismemberment. . . 24
Asphyxia.... 71
Electrocution.. . 23
Heat exhaustion .. . 7
Miscellaneous 3 .. 1 1 39 44
T D 55 33 16 6 ; 398 i 12| 2147 956

2 Includes 4 cases of cremation by falling into a furnace or being covered by molten metal.
3 Includes 1 case of dismemberment caused by hot rod.

The largest group in the table is that of fractures. When severe
enough to cause death these involve mnearly always an element of
crushing injury. When the cases are closely studied there is found
to be in a majority of them—it is impossible to determine the exact
number—some indication of faulty structure which might have been
remedied. For example, a man’s life is erushed out between a mov-
ing car and a post beside the track. What was needed to make him
safe? Six inches more of space—easy, almost costless, to give at the
time of building, but looking so difficult and costly after construction
is finished that it is not provided until after the man is killed.

Next in importance to fractures are burns and scalds, with 136
cases. Of these the most striking are 4 cases of cremation, 1 due to
falling into a furnace and 3 to being overwhelmed by molten metal.
In the cremation cases due to molten metal, rearrangements were
worked out after the catastrophe which tend to lessen very much the
chance of a recurrence of such an accident. In a large proportion
of the less striking cases some structural improvement, lessening the
danger, has been made subsequent to the accident.

The fact that infection was formerly a very serious menace is
attested by the fact that 23 deaths occurred in which without this
complication there would very likely have been recovery. None of
the injuries in which it figured were in themselves of sufficient seri-
ousness to cause death. This emphasizes very strongly the great
value as a life saver of adequate emergency treatment, with sufficient
insistence upon it to secure prompt report of even slight injury.

The 23 cases of electrocution were largely needless. They repre-
sent faulty installation or a method of doing work which should not
be tolerated. The same statement is, in a measure, to be made
regarding 71 cases of asphyxia. Sufficient care in construction and
%ln meghods of work would do away almost entirely with this death

azard. ) )

Finally, 24 cases are presented which afford a startling climax to
this presentation. These are cases of traumatic dismemlg)erment, in
which arms, legs, or heads were burned, sheared, or forcibly torn

’
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from the body. Of the nine cases of legs so lost one leg was burned
off by a hot rod in a rod mill. The feet lost were ground off in the
exposed gearing of the transfer tables of rolling mills. Four decapi-
tations are recorded. Of these, two were due to being caught by tll)le
hot rod loop in the rod mills; the other two were the result of power
vehicle accidents.

The question of the reasonableness of the costliest efforts to render
such events impossible can scarcely be debated.

ENGINEERING REVISIONS PROPOSED BY SAFETY COMMITTEES.

The foregoing discussion has two elements of weakness: (1) It is
based to a considerable extent on material pertaining to a period in
which the safety movement had not gotten fairly under way. It
may fairly be urged that attention would first be directed to
engineering defects and that they might be expected in the course
of time to become relatively of small importance. (2) The judgment
of the authors may have been faulty. They were studying records,
possibly imperfect, at a time so remote from the events that no veri-
fication or amplification of them was possible.

Either of these is of sufficient significance to make very important
any opportunity to test the conclusions by more recent events sub-
jected to the scrutiny of those who would have full opportunity te
learn all the essential facts.

The following table, drawn from the experience of a large steel
company, is accordingly of great interest.

TABLE 64.—CLASSIFICATION OF ACCIDENTS BY SAFETY COMMITTEES OF A STEEL
COMPANY, 1915 TO 1917,

Number of cases of disabling accident.
Preventable by—
Disability of—
Trade
Engi- Care of risk. Total
rr;ee;r}ng worker.
vision.
56 973 381 1,410
16 100 48 164
39 10 19 68
111 1,083 448 1,642
Percentage distribu?ion.
Six weeksand under.......oooiiiiiiiiiiiiiiii i 4 69 27 100
OVer SIX WeLKS. v e ieretaierieoieareaeienererecracneancennn 10 60 30 100
Death and major mutilation.....c.ouiviiiiiieiaieneenannannnn 57 15 28 100
e 7 66 27 100

This company has during the past eight years very carefully con-
sidered each case involving loss of time. The table is restricted to
three recent years in order not to involve conditions prior to the time
when safety work became somewhat standardized.

In each plant of the company the plant safety committee, in which
were included the director of safety and a group of superintendents,
made a careful study of the cases as they occurred. If there were

71087°—22——14
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202 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

peculiar or doubtful features the safety inspectors from the director’s
office made a special investigation, which was reported to the director
and by him to the committee. In this way there was established for
the consideration of the committee a reliable and exact record of the
occurrence upon which to base a judgment as to the causes of the
accident and as to the measures, if any, for the prevention of its
recurrence.

The scrutiny did not stop there. At stated intervals the conclu-
sions of these plant committees were taken up by the central safety
committee of the company. This committee, after due considera-
tion, would affirm the conclusion of the plant committee, return it
for further evidence, or in some cases modify or reverse it.

There is probably no group of cases on record in the country which
was subjected to more exacting study before the final decision was
reached.

The bearing of this compilation on the question of the importance
of “engineering revision’’ is found in the percentage column headed
“Preventable by ‘engineering revision.” ”’

It will be observed that of accidents causing six weeks’ disability
or less only 4 per cent could have been prevented, in the judgment of
the committee, by engineering methods, in cases causing over six
weeks’ disability 10 per cent could have been so prevented, while in
cases involving deatl‘l) or major mutilation the percentage was 57.

It is worthy of remark that this figure, 57 per cent, is the same
as that reached in the Bureau of Labor Statistics study above men-
tioned. The exact correspondence is of course purely a coincidence,
but a very significant one. The results of this careful study, based
on fresh material with full opportunity for learning all the facts
before a conclusion was reached, do not differ materially from those
of the earlier study of records of which no correction or amplifica-
tion was possible.

DEATH AND MAJOR MUTILATION.

Evidently the most important matters to be considered in this
connection are death and major mutilation. The cost of these, ade-
uately valued, outweighs that of all otherinjuries. It becomes, there-
ore, of great importance to consider with searching care the results of
study of such cases by safety committees.  For this reason the
details of 207 cases of death and major mutilation, including the 68
cases in Table 64, are recorded at the end of this chapter. A sufficient
description of each case is given to indicate the nature of the hazard
involved.

The cases are grouped under three heads, as determined by the
safety committees who considered them: (1) ““Preventable by engi-
neering revision,” (2) “preventable by care either of injured or his
fellow workers,” and (3) “unavoidable trade risk.”

In the opinion of the committees who passed upon them, 65 per
cent of these cases were preventable by engineering revision, 24
per cent were preventable by care of the injured person or his fellow
workers, and 11 per cent were due to trade risk.

1t will be observed at once that in this group of cases the com-
mittees assign to the section “preventable by engineering revision”
a considerably larger percentage than the 57 per cent so assigned in

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



“ ENGINEERING REVISION.’’ 208

the earlier study by the Bureau of Labor Statistics and in the case
-of the large iron and steel company mentioned above.

This review of the findings of safety committees reenforces the
conclusion reached from a study of various angles of the subject
that the three main methods by which accident prevention is secured
are the following: (1) Engineering revision to cut down serious and
fatal accidents; (2) Supervision to reduce both serious and minor
injury; (3) Instruction of the men in skillful methods of work to
reduce minor injury.

ORGANIZATION.

The great success of organized safety effort in the reduction of
minor injury has diverted attention from this fundamentally im-
portant matter of the engineering factor. Does the fact that it is
now demonstrable that for relief from fatal injury the appeal must
be to the engineer discredit organization? Not in the least. It
simply indicates a direction in which organization must turn its
energies. Organization and the interest 1t evokes lead to the dis-
covery of structural defects and their remedy. Without organiza-
tion the revision already accomplished would never have occurred.
The obvious faults have been largely corrected. The determination of
the more obscure must be increasingly the duty and opportunity of
the engineer.

EXTENT OF REDUCTION OF ACCIDENTS.

In conclusion it is appropriste to consider in the light of the
foregoing review the question of the extent to which serious and fatal
accidents may be elimimated. The conviction that there must always
remain an *‘irredncible minimum” of accident rests largely upon the
idea that the main cause of such accident is human recklessness.
Since a perfected humanity can scarcely be looked for in the lifetime
of the present generation, the hope of an industry measurably free
from accidental death has seemed an ‘‘iridescent dream.”

Two things may be regarded as proved by the results of the safety
movement: (1) Proper education and the development of interest
among the men will go 2 long way in the reduction of minor injury;
(2) Adequate engineering revision will reduce serious cases to an, as
yet, undetermined degree.

The degree of this reduction is largely conditioned on the definition
of “adequate.” It is entirely possible to imagine structures and
ap{)amtus so strong, so well designed, so intelligently operated, that
failure and consequent death will be the rare exception. The
possibilities of improvement from an engineering standpoint are
almost unlimited.

ILLUSTRATIVE CASES.

The following descriptive lists include, in addition to the 68 cases
of death and major mutilation which occurred in one large steel
company’s plants {see p. 201), 139 cases drawn from other sources,
making a total of 207. The classification of cases follows the judgment
of the commiltees, and no attezzg»t 15 made to modafy conclusions which
are in some cases obviously doubtfi
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204 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

CasEs PrREVENTABLE BY SoME ForM orF ‘“ENGINEERING REvVIsION,”’

Case 1.—Helper asphyxiated when he went to put stove on furnace. Pulled
burner back too far. Fatal. Stop installed to prevent running burner back so far.

Case 2.—Top filler caught by elevator. He neglected toinsert safety pin in starting
lever, the result being that when his partner took hold of leverit moved unexpectedly.
Man evidently negligent, but a safer device is possible.

Case 3.—Laborer, given permisgion to leave his gang for a short time, sat down on
the electric rail of transfer track. Fatal. Had been warned about the rails. Track
has been entirely fenced in.

Case 4.—Laborer caught between buggies when a train of buggies was pushed
from the yard against the one which he was loading. Amputation of leg. Foreman
did not exercise due care to see that his men were in the clear.

Case 5.—Inexperienced man working as oiler. Greasing bearing on front trucks
of trolley of ore unloader. Trolley was racked back, catching head. Fatal. Recom-
mended that machine be stopped while greasing is being done,

Case 6.—Nozzle setter was caught by molten metal when ladle of metal turned
in stirrup hooks, pouring out metal which ran down into the pit side. Fatal.
Trunnions have been changed so as to lower the center of gravity from 8} inches
below trunnions to 17 inches below.

Case 7.—Pipe-fitter’s helper had climbed to the runway of crane to close a valve.
He was caught between column and crane. Fatal. The pipe fitter was regarded as
at fault in not looking out for the safety of his men when working on the crane runway.

Case 8. —Car-blocker’s helper was at work under a car when engine pushed other
cars against it, catching the man under the wheel. Fatal. Car blocker at fault in
not putting out stop signals. Engine crew should have determined whether any
one was in danger before moving cars.

Case 9.—Laborer on top of coke ovens was caught by larry car which carries the
coal to the ovens. Fatal. It seems to be the case that the steam from the quench-
ing platform blinded him and he lost his way. The committee is of the opinion
that the only way to prevent such accidents 1s to remove the quenching from the
vicinity of the ovens to a quenching station,

Case 10.—Repair man was caught by trolley of unloader when it started unex-
pectedly, ran to the top of the incline, broke the cables, and then slid back against
the man, Fatal. This startin would have been prevented had the safety switch
been pulled out and properly locked. The man had a safety padlock. ’I};le com-
mittee regard the docE management as negligent in not having called attention to
the use of these padlocks.

Case 11.—Ladle liner was caught between edge of ladle and wall of shop. He had,
apparently, climbed on ladle to inspectit and his weight caused it to tip over. Fatal.
The committee is of the opinion that the number of foremen on this job is not suffi-
cient to supervise the operations properly.

Case 12.—Repair man was changing insulators on the third rail at one of the batteries
of a coke oven. This battery had been cut out so that the rail was dead. The car
in order to get over this dead space would run at some speed and drift by. The man
put his hand on the third rail while the car was bridging the gap between this battery
and the next, thus making the rail alive. Fatal. Committee recommended that
the cut-out be so arranged that both batteries have dead rails when it is thrown.
Tllilis makes it impossibfe for a car to bridge over and make a supposedly dead rail
alive.

Case 13.—On starting an air compressor operated by a 2,200-vol} circuit the relay
exploded, burning the man. Fatal. Recommended that high-voltage switches be
removed from the board and that temporary steel shields be installed until removal
can be accomplished.

Case 14.—Laborer cleaning up the scale car track had his wheelharrow between the
rails. Scale car struck wheelbarrow, throwing man against column. Fatal. The
committee feels that the management was slack at this point or the dangerous practice
of putting the wheelbarrow between the rails would have been stopped.

Case 15.—Melter’s helper was assisting to set the hot metal spout at the electric
furnace. Was loosening crane hook from loop of spout when it suddenlﬁ came awa;
and he lost his balance and fell to the floor, the spout tipping over on him. TFatal.
The committee regards the melter foremen as responsible for failure to have some parts
of the apparatus in proper order.

Case 16.—Rigger was going with his gang to work with a locomotive crane. Ashe
walked beside the crane he suddenly stepped in front of some cars on an adjacent
track and was run down. Fatal. Recommended that cranes do not move through
this busy yard under their own power but be handled by the yard engines.
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Case 17.—Cinder snapper was digging away cinder and iron about monkey in order
1o substitute a new one. The blast had been turned off when the process gegan but
later was turned on again. Monkey blew out and gas flames burned several, one
fatally. Foreman used bad judgmentin turning on the hlast while men were working
in position to be injured if an explosion occurred.

ase 18.—Laborer was crushed by falling ingot mold flask. It fell when a crane
lifted another which was on the same car. Fatal. Foreman should have seen to it
that the flasks were more securely placed.

Case 19.—Craneman opening windows in monitor of merchant mill caught hold of
6,00(?—\.%11; wire. Fatal. High-tension wires are being removed to underground
conduits.

Case 20.—Oiler knocked from platform of ore bridge by grab bucket. TFell into
bin about 40 feet. Fatal. Rule made that no work shall be done on this platform
when bridge is in operation.

Cuse 21.—Lidsman at coke ovens struck by chute on larry car. Fatal. Gasinspector
who was on the car thought not to have been duly careful.

Case 22.—Craneman sitting down in his cab may have fallen asleep. He was found
with his head against the hoist fuse terminals. Fatal. A guard should have been
placed over the fuse blocks.

Case 23.—Switchman riding on footboard of engine was caught by a bar projecting
from the pile of scrap at the side of the track. Loss of foot. Yard foreman should be
more careful to keep yard clear.

Case 24.—Laborer stepped from dock wall onto flat car of slowly moving train. Just
then the engineer slacked suddenly to test the coupling between two cars of the
string. The jar caused man to fall under the wheels. Fatal. The man evidently
crossed the track to reach a toilet. Such conveniences should not be placed where
men must cross tracks in order to reach them,

Case 25.—Pipe fitter’s helper sitting on a brace of the skip incline was caught when
theskipcame down., Fatlal. The foreman had attached asign to the controller of the
skip hoist showing that it should not be operated. This was removed by some one
unknown, Recommended that all levers and switches whose operation would
endanger a workman shall be locked during the time the work is going on.

Cases 26-31.—Six men at work in blast furnace mains died of asphyxia when gas
washer man was unable to close valve of water seal. Arrangements made to lock
water seal valves when men are working in mains and additional valve will be installed
in mains.

Cases 32-34.—Three masons at work on a ladle foundation in pit were fatally burned
when furnace broke out. The furnace had just been rebuilt and was on its first heat.
An explosion occurred within, blowing out the tap hole, and the metal poured out on
the men. Rule adopted that furnaces shall not be put in operation until all repairs
on them are completed.

Case 35.—Millwright caught by 1,000-pound weight to door of open hearth when
har with eye in end gave way. Fracture of leg, followed by infection. Fatal.
Recommended that guards be placed around weights.

Case 36.—Laborer killed by fragment of heater which exploded in the shanty where
he was eating lunch. Investigation showed that the blow-off valve was in bad con-
dition. Recommended that better valves be installed and that they be inspected
at frequent intervals.

Case 87.—Sheeter’s helper was holding sheet in place on side of mill. To steady
himself he wag holding on to rail of crane runway. Crane came down, crushing hand.
T.oss of hand. This crane was not equipped with wheel guards in accordance with
the company rules. . .

Case 88.—Laborer struck by engine and leg crushed. Fatal. On investigation it
developed that the same foreman had had two other cases of fatal injury in his gang
under similar circumstances and was not in the vicinity on any occasion. Recom-
mended that, as these gangs are largely of elderly men, the foreman should exercise
greater care. A X

Case 89.—Laborer assisting to replace derailed mold huggy. As the crane raised
the buggy one of the molds fell over, catching the man’sleg. TFatal. Recommended
that molds be removed from derailed buggies before attempting to replace them.

Cuase 40.—Laborer assisting in removing molds from buggles. ~After adjusting chain
to lugs of mold he stepped back on a track where a train was moving. Fatal. The
switchman of the moving train should have been on front of his train or preceding it.
Recommended to install better lighting at this point.

Case 41.—Laborer tightening bolts on pig machine was caught by his clothes on an
axle pin and crushed against a column. Fatal. Recommended that a guard be
placed along thisrunway. Foremen should not permit working on moving machinery.
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Case 42.—Laborer crossing track was run down by coal car. Fatal. Theswitchman
ghould have been in position to warn this man.

Case 43.—Laborer was struck by falling concrete chute when the manila rope hold-
ing it broke. Fatal. Recommended that wire cable be used for such purposes.
~ Case 44.—Lineman came in contact with high-tension wires on the pole where he
was working. Fatal. Recommended that the clearance between high-tension wires
be increased to not less than 6 feet.

Case 45.—Boiler maker was shifting planks of scaffold at furnace top when he lost
balance and fell 90 feet to roof of cast house. One plank fell with him, Fatal.
Recommended that it be made a rule that such work shall not be done without use
of safety belt. :

Clase 46.—Laborer assisting in jacking up car for repairs. It was necessary to lower
the car somewhat, and when this was done it canted over, catching the man and crush-
ing his skull. Fatal. Recommended that track adjacent to one on which cars are
being repaired be kept clear. Also that in jacking up cars they be followed with
blocking and that a shore be used on side next other repair track.

Case. 37.—Laborer carrying drinking water to open hearth was walking between
building and narrow-gauge track when he was run down by locomotive. Fatal.
Recommended (1) the installation of drinking fountains in the mills, so that men will
not be obliged to carry water through the yards and mills; (2) to require switchmen
to ride where they can see track in direction in which locomotive is moving; (3) to
improve the lighting in this part of the yard.

Case 48 —Laborer caught by splashinﬁ metal when the ladle carried by the crane
bumped against an empty ladle which was being lined near the mixer. Fatal.
Recommended that ladle lining be conducted in some part of the mill where hot
metal is not being constantly carried. .

Case 49.—Boiler washer entered boiler 11 hours after it was taken off steam line.
Part of wall fell, and he was burned by the hot dust. Fatal. Recommended that it
be arranged that in washing down beiler man stand outside fire door. Algo thatif the
wall shows bulging from the heat it be torn down and rebuiit.

Case 50.—Laborer caught between roll swinging from crane and pile of rolls on the
ground. Fatal. Recommended that roll racks be installed in the yard.

Case 51.—Carpenter’s helper using a belt pole to unship belt was struck in the
shdomen when pole caught in the belt. Fatal. Recommended that a loose pulley
be installed and that a lock be provided to prevent the use of the machine by unau-
thorized persons.

Case 52.—8crap man wandered from his proper place and attempted to get on board
a larry car. In doing so he started the car and was caught and crushed. Fatal.
Recommended that car be so inclosed that men can not get on the car without being
seen by operator.

Case 53.—Top filler riding up in cage attempted to stop cage at about 50 feet. To
do this, he reached through the structural work and grasped the operating cable which
is placed in opposite hoistway. He pulled cable in the wrong direction, causing
speed of cage to increase suddenly, and was dragged from cage and fell 50 feet. Fatal.
Recommended to remove operating cable to a position in which it can not be reached
from the other cage. Also to inclose cages to tge height of 7 feet.

Case 54.—Laborer passing cold saw was struck by the belt when it broke. Fatal.
Recommended that the belt guard be extended so as entirely to cover the belt.

Case 55.—Take-off at shear bed was caught under falling load of angles. The load
was not evenly balanced, and the end which hung down struck the side of the car and
the angles skidded from the chain, striking the man. Fatal. The foreman did not
exercise good judgment in choosing the apparatus used in this operation.

Case 56.—Casting man was opening valve on ladle to make a pour. Metal splashed
over top of ladle. Fatal. Recommended (1) that a canopy be erected over the pour-
ing platform, which would catch the metal in such a case. (2) That the height of
ladles be not increased without a corresponding adjustment of the trunnions, In
this case 6 inches had been added.

Case 57.—Laborer overcome by fumes when rescuing fellow worker in benzol house.
Fell on stairs, causing fracture of neck. Fatal. Recommended that means be pro-
vided to remove fumes when it is necessary to open faucets to drain water from storage
tanks. Also that a door be cut through, so that escape from the space will be easier,

Case 58.—Crane hooker, for unknown reason, went up ladder to crane runway and
was caught between crane girder and column. Fatal. Recommended that a warning
sign be placed at foot of ladder warning all workmen not to go upoi the runway with-
out the permission of the crane foreman.

Case 59.—Laborer was at work in a car from which unloading was going on by means
of a clam. A switching crew bumped into this car, and the man was caught between
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“clam and end of car. Fatal. Recommended that a derailer be installed, so that cars
can not be shunted down into this track.

Case 60.—Laborer stepped out of shanty onto a track on which a car was running out
of control. The men on the car and others shouted to the man, but he could not hear
on account of noise due to blast-furnace stoves blowing off. Fatal. Recommended’
that the installation of mufflers on stoves to reduce noise be hastened.

Case 61.—Fireman in boiler house caught when water tube burst. Fatal. Recom-
mended that new type of fire doors be installed.

Case 62.—Weighmaster caught under plates falling from a pile. Some small plates
had been piled on top of larger ones. Fatal. Recommended that in piling plates
those of the same size be placed fogether. Also that the covering of the shipping
area with a roof be considered. The icy condition of the plates may have been a
factor in their falling.

Case 63.—Chipper attempted to cross tracks just in front of engine and was struck.
Fatal. Recommended that a subway be provided, since there is a large amount of
necessary passing. .

Case 64.—Boiler maker’s helper struck by metal splashing from ladle when it struck
mold which he was repairing. Fatal. Recommended that molds be removed to
some safe place for repair.

Case 65.—Laborer entered boiler which was to be cleaned and was overcome by gas.
Fatal. The foreman should have stai:ed with his men and seen that the required
procedure in cleaning the boiler was observed.

Case 66.—Repair man cauiht when a car operated by a cable into a dumping dp’it
started down the incline. The wheels had been imperfectly blocked, and the jar due
to removing rivets probably threw blocks out of place. Fatal. Proper clamps for
usge in such conditions had been provided, but the foreman in charge had not been
informed regarding them.

Case 67.—Laborer returning from emergency hos]i"ital along railway tracks was
run down. Fatal. Recommended that men having slight injuries be furnished street
car tickets and sent to another hospital, which will not require walking on tracks.

Case 68.—Brakeman riding on car pushed by engine was caught against coal box
of dinkey engine when the car on which he was riding was derailed due to accumula-
tion of cinder and dirt. Recommended that track be kept clean, so as to avoid dan-
ger of derailment,

Case 69.—Stopper setter helping to pour heat in Bessemer. The molds as poured
were capped with a cap weighing about 230 pounds. As the third mold was being
poured the second exploded, forcing up the cap and spraying the entire vicinity with
molten metal. Fatal Recommendeg that the type of mold used at the time of
accident be discarded and a safer type substituted.

Case 70.—Mold capper. See Case 69. Fatal.

Case 71.—Mold capper. See Case 69. TFatal.

Case 72.—1ever man working on pulpit 15 feet from mold. Case 69. Fatal. Rec-
omimended that a pulpit be erected inclosed with steel and wire glass,

Case 73.—Lever man. See Case 72. Permanent total disability.

Case 74.—Conductor went between engine and car to adjust coupler. Caught
between drawheads, Fatal. Recommended that a coupling adjuster be ap})lied.

Case 75.—Fireman of steam shovel struck by brake band Ta!ling from shelf in cab.
The shelf was about 6 feet from floor. The brake band weighed about 50 pounds.
Pneumonia developed. Fatal. Recommended that storage of spare parts in such
a situation be discontinued.

Case 76.—Helper was assisting in enlarging tapping hole at blast furnace. Metal
finally came out suddenly and struck some pipe scrap placed in the runner. The
metal exploded. Fatal. Recommended that the placing of pipe scrap in the runner
be discontinued.

Case 77.—Laborer run down when cleaning up at crossover. Fatal. The train
crew did not have proper lookout when moving.

Case 78.—Helper struck by rod attached to heavy cable, when it fell from bustie
pipe. This cable had been pushed aside to allow crane to pass. When crane moved
the cable became entangled in the trolley and was pulled down. Fatal. Recom-
mended that clamps be placed on crane runway, which will prevent crane from pass-
ing cable which operates cinder gate. When necessary for crane to pass this point
millwrightshall remove clamps and supervise the operations until clamps are replaced.

Case 79.—Hooker caught by falling ingot mold. The crane had set the mold down
and the man had unhooked the chain., He stooped for some®™purpose and the mold
toppled over on him. ¥Fatal. Recommended that foreman should maintain better
conditions in the yard and supervise operations more closely.

Case 80.—Pipe fitter’s helper, using elevator as a platform in disconnecting a steam
pipe, was caught between railing at back of elevator and floor of open hearth. Just
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how elevator was started is not known, as man was alone at time. Fatal. Recom-
mended that the railing at back be extended to 7 feet in height.

Case 81.—Laborer cleaning track run down by engine. Fatal. Train crew were
not keeping proper lookout.

Case 82.—Hook-on caught when charging box full of bloom ends struck a bridge
girder and was thrown from the car. Hook-on was riding the car and was thrown off
with the box. Fatal. Recommended that clearance be increased at this point.

Case 83.—Laborer fell through temporary covering of pit, in which there was about
6 inches of hot water. Fatal. Recommended that the opening into the treating
tank be railed securelIy{r.

Case 84.—Boiler maker fell from blast-furnace stove 100 feet to the ground. When
he loosened one bolt the spring of a channel caused another to break. Foreman should
have required use of life belt.

Case 85.—Track cleaner was attempting to loosen defective brake, so as to be able
to move the car. Ashe worked on the brake in front of the wheels, cars were shunted
down the track and bumped the one on which he wag working. Fatal. Recommended
(1) that steps be taken to have defective brakes repaired more promptly; (2) that
some signal system be adopted which will warn men when cars are to be shunted
into this track.

Case 86.—Laborer struck when hose blew off from oxygen tank. Fatal. Recom-
mended that a more secure type of coupling be installed on the oxygen tanks,

Case 87.—Laborer was moving car at pig machine with pinch bar. As he worked,
another car was bumped into it by an engine coming to couple on. Fatal. Rec-
ommended that a derailer be installed at the top of the grade and that train crew send
some one ahead when coming down.

Case 88.—Laborer run down by dinkey engine at point where clearance was inad-
equate. Fatal. Recommended (1) increased clearance; (2) better,lighting; (3)
change in engine cab, 80 as to give engineer better view.

Case 89.—Laborer knocked from coal barge into river by cable used to move barges
into position for being unloaded. Fatal. Recommended that it be made the rule
that operator before starting cable shall look to see that men on the barges are in the
clear.” The place is well lighted, so that the operator can easily see where the men are.

Case 90.—Pit laborer in Bessemer struck by scrap falling from the roof 25 feet above.
This scrap accumulates rapidly at times from the blow of the converter. It isremoved
as promptly as possible, but sometimes becomes clinched under the iron plates form-
ing the roof and can not be got off without shutting down the mill. In this case
the jar of the scrap buggy overhead caused a portion to be loosened and fall. Fatal.
Recommended that an angle be attached to roof edge, which will tend to keep loosened
pieces from falling.

Case 91.—Pipe fitter’s helper was removing brick for installation of steam pipe
in gas main. Starting to go out the man took the wrong direction and fell into a down-
take 12 feet deepy, in which was a quantity of hot soot. Fatal. Recommended that
gates be installed in mains to prevent men working in them from reaching the down-
takes by mistake.

Case 92.—Laborer ran across railway track in front of a train coming on the other
track just in time to be struck by engine. Fatal. Recommended that watchman
bﬁ; statit;(ned at this point to direct men to use a footbridge, which is provided over
the tracks.

Case 98.—Rigger and four fellow workers were removing bolts holding platform on
which they stood, the other side being fastened to girder of building.  When the
bolts were partly removed the platform canted, throwing man off to the floor, 25 feet
below. Fatal. Recommended that foreman be instructed to stay such platforms
by use of block and fall when it is necessary to remove bolts. Also that a knee brace
be placed under each platform.

‘ase 94.—Rigger fell into furnace, 100 feet, when chain block broke. Fatal. Rec-
ommended (1) that 4-ton, instead of 2-ton, blocks be used, and (2) that the cross arms
of new blocks be steel forging instead of cast steel.

Case 95.—Boring mill hand used wrench to loosen tool which he took out for grind-
ing. When he put the tool back he did not remove the wrench, and when the ma~
chine was started, the wrench was carried around by the platform and he was caught
betweenitand the upright. Fatal. Recommendedy (1) that a rack be provided along-
side the machine for tools; (2) change the position of the starting lever so that & man
will face machine when starting up.

Case 96.—Repair man asphyxiated when he went into a pit to find a bell valve
which had fallen from its proper place. Fatal. Recommended that this bell valve
be more securely fastened in place.

-
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Case 97.—Laborer injured when heater exploded. A boiler was blown off into
this heater, giving rise to an undue pressure. Fatal. Recommended that arrange-
ments be made to blow off into air or into sewer.

Case 98.—Laborer crossing track between two cars was caught between bumpers.
Fatal. Recommended that when cars are moved in the mill a member of train crew
go ahead to see that men are in the clear.

Case 99.—Lineman came in contact with 6,000-volt power line. Fatal. Recom-
mended that, if possible, greater clearance be established.

Case 100.—Laborer run down by engine. Fatal. This crossing will always be
very dangerous as long as the railway has tracks in addition to the mill tracks.  The
railway tracks should be removed.

Case 101 —Craneman sitting on track was struck when buggy came up the mill. Rec-
ommended that fenders be placed on this car and that a warning signal be installed.

Case 102.-—~Wireman and helper drilling holes to fasten electric conduit to wall.
Were using board to pry drill up to its work. Board broke and helper fell. Fatal.
Recommended that a stronger piece of timber be used as a pry in such cases.

Case 103 —Repair man sharpening chisel on emery wheel when it burst. Fatal.
R?comlllnegded that this and all other similar wheels be equipped with the standard
salety hood.

. Case 104.—Steel pourer was caught when on opening the stopper a quantity of steel
jumped over the ladle top. Fatal. Recommended that canopies be installed over
all pouring platforms in open hearths.

Case 105.—Laborer sitting on larry car track was caught by car. Fatal. The
guard provided was in bad order. Directed that when guards become ineffective
machines be stopped until repairs are made.

Case 106.—Man was holding sledge for fellow worker to strike with another sledge
in removing wheel from ghaft. A chip flew, striking abdomen. Fatal. Recom-
mended that hereafter hydraulic pushers be used exclusively in removing wheels
from shafts. The use of sledges is to be discontinued entirely.

Case 107.—Wireman’s helper came in contact with high-tension wires and fell
from tower about 42 feet. Fatal. Recommended that distance between high-
tens&on wires be increased and that where they enter the mills they be inclosed in
conduits.

Case 108.—Drier man’s clothes were set on fire by back fire in drier which burst
out at the cleaning door where he was working. Fatal. Recommended that a hali-
inch steam line be led into the drier at this point which, when opened, will force
the dust out without danger of back-firing. A platform will also be installed to im-
prove the working conditions.

Case 109.—Man fell down 26 feet inside of pipe at condensers being erected. Fatal.
Recommended that men doing this kind of work be required to wear a life belt.

Case 110.—~Foundry rammer was caught under a core barrel which was overset
when the craneman began to hoist another barrel whose flange was caught under
that of the overset barrel. Fatal. Recommended that greater care be exercised in
storing these barrels that the flanges do not overlap, and that the light in this part
of the foundry be improved.

Case 111.—Oiler received shock from motor which he was oiling. Due to defective
insulation the motor frame had become electrified. Fatal. Recommended that the
frames of such motors be grounded.

Case 112.—Cinder dump man was caught by hot cinder when an explosion caused
ladle tooverturn. Fatal. Recommendations: (1) Make center pin longer and provide
for a cotter pin through theend. Thiswill preventladle from leaving truck. (2)Place
a rail clamp on each end of cinder truck, such as is in use on locomotive crane.

Case 113.—Ore bin laborer {ell through a space about 3 feet wide between trestle

latform and girder carrying track rail. Cause of fall unknown. Suffocated in ore.

atal. Recommended that this opening be closed with a grating of about a 10-inch
opening.

pC’ozse g1”14.—Laborer shoveling out dirt from dumping car when bottom closed up
catching man. Fatal. Found that the cylinders for closing the bottom were not
in good order, Ordered that they be putin proper order.

‘ase 115 —Millwright caught by explosion of coal dust ai binin open hearth. Fatal.

Fegommwded that the slide feed for coal dust be replaced by a dust-proof screw

eed.

Case 116.—Millwright’s helper. See Case 115, TFatal.

Case 117.—Boiler maker foreman caught by platform which swung around when
locomotive crane pulled and hoisted onit. Platform and steps were being removed.
Recommended that in work of this kind two hitches be made to material instead
of one,
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210 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Case 118 —Laborer shoveling coal into chute under car when car door dro;:lped
down, crushing him against rail. Fatal. Recommended that in such unloading
of coal the foreman shall remain in direct charge of the work until it is completed.
Also that the coaling station be removed to some locality not on main track which
will permit ynloading without haste.

Case 119.—Laborer. SeeCasel118. Fatal.

Case 120, —~TLaborer. See Case 118. Fatal.

Case 121.—Laborer caught between peel of charging car and charging buggy when
controller of charging car stuck and operator was unable to control car. Fatal.
Recommended that charging cars be pushed entirely clear of furnace before attempt-
ing to do work of this kind. .

Case 122.—Laborer passing between two cars when engine bumped them. Fatal.
Recommended (1) that cars be not leit with space between them into which men
can go. (2) That a derailer be placed at the entrance of this mill. ) .

Case 123.—Pipe fitter's helper burned when torch exploded and threw burning oil
over clothes. Fatal. Recommended (1) that electric extension lights be used for
such work whenever possible, (2) That three small holes be made in the cap of
each torch so that pressure inside may be relieved without explosion.

Case 124.~Laborer caught between magnet and side of car from which he was
unloading scrap. The rails were wet and the crane trolley slipped causing magnet
toswing. Recommended that men be instructed to stand outside of car when direct-
ing cranemen in using magnet for unloading.

Case 125.—Track laborer fell onto track and was run over by engine. Fatal. Rec-
ommended that lighting in tunnel where accident occurred be improved so that
engineers can see more clearly the men who are obliged to work there.

Case 126.—Brakeman in getting off footboard of engine caught raincoat on bolf
causing him to fall, striking his head, Fatal. Recommended that as rapidly as
possible the passenger type of platform be installed on all locomotives.

Case 127 —Laborer caught between pieces of scrap steel in furnace being repaired.
The pieces weighed about 6,000 pounds each. One had been moved to the side of
the furnace. When man began to shovel out loose brick the other piece toppled
over. Fatal, Recommended that such pieces of scrap be entirely removed from
furnaces undergoing repair.

Case 128 —Laborer caught by explosion in dryer of coal pulverizer in open hearth,
Fatal. Recommended: (1) That dpust-proof screw feed take the place of mechanical
slide feed. (2) That bin be cut off when repairs are in progress. (3) Inspection of
bin to see that it is empty before repairs begin. (4) Installation of recording ther-
mometer to show when temperature is running dangerously high.

Case 129.—Man was replacing lamp above coal conveyor. Stepped into opening
where plate had been removed in order to observe when coal was entirely out of con-
veyor. Loss of leg. Directed that plate be not removed until conveyor has been
operating one half hour. This gives time for complete emptying and plate can be
immediately replaced. Use of powdered coal will be shortly abandoned at this
plant, removing several hazards.

Case 130.—Laborer whose duty it was to replenish oil in cans on the gallery of
foundry apparently stepped onto runway whiledooking foracan. Insomeway he came
in contact with power rail and fell across the runway. In this position a crane which
was down for repair was pushed by another crane onto the man. Whether the shock
or the crushing injury was the cause of death could not be determined. Fatal.
Recommended that cranes down for repairs shall not be pushed about by other cranes.
This may be made impossible by chaining the idle crane in place.

Case 131.—Chipper caught under falling load of billets when link of chain broke.
Fatal., Links of chain had evidently been affected by acid used in pickling billets
before chipping. In some of them the cross section had been reduced from 1} to ¢
inch. Recommended that billets be placed in the pickling vats when empty and thus
avoid exposing chains to action of acid.

Case 132.—Labhorer caught between grab bucket and side of car when unloading.
'Fat'?ll. Recommended that cranemen do not operate grab bucket in car while man i3
inside car.

Case 133.—Patrolmen brought motor boat into boathouse during a storm at night.
They closed windows and the door to protect themselves from the storm. The engine
continued to run and the fumes from exhaust caused asphyxia. Fatal. Recom-
mended that in motor-boat houses and garages where it may be desirable to keep
engines running provision be made for piping the exhaust into the open air,

Case 134.—See Case 133. Tatal.
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Cases 1N waicH CARE oN THE PArT or tHE INyUureEp or His FeLLow WORKER 18
THE ONLY REMEDY.

Case 1.—Crane hooker adjusting chain on lift of billets, On his signal to lower the
craneman hoisted. Cable broke and block and hooks fell, striking man on thigh.
Amputation of leg necessary. Craneman at fault,

Case 2.—Cooling tank for crane tongs overset when craneman started crane without
raising tongs. Laborer seated near tank was caught and held by the foot and the hot
water poured over him. Fatal. Craneman at fault. No safeguard possible.

Case 3.—Electrician puilled disconnecting switch of wrong engine and was burned
by th;? flash. Fatal. Man familiar with conditions and should not have made the
mistake.

Case 4.—Roll hand undertook during a delay in rolling to grind a pass in the rolls
which had become roughened. When rails began to move he was caught and legs
crushed. Fatal. Man should have gotten away sooner.

Case 5.—Carpenter climbing ladder carrying scantling. Fell 36 feet. Fatal,
Ropes are provided for pulling up material. Man should have used this provision.

use 6.—Carpenter removing tiles from roof of building stepped on tile at an unsup-
ported point. The tile gave way and the man fell 50 feet. Fatal. Man aware of
danger of stepping on tile where not supported.

Case 7.—Lamp trimmer was hanging lamps from the vieinity of crane runway.
Did not see approaching crane and hand was caught. Amputation necessary. Crane-
man at fault.

Case 8.—Machinist’s helper, after inspecting crane trolley according to directions
of foreman, came down from trolley platform to the top of cab. There he lay down
and crawled between cage and beam of crane. He then ordered craneman to rack
out and was caught by trolley. Fatal. No remedy except greater care on part of

. men,

Case 9.—Crane-repairman left crane at platform to repair switch. Craneman then
proceeded to transfer materials with magnet. The repair man, after finishing his job,
must have gotten on the crane, crossed to other side, and there, in trying to get off,
wag caught and crushed. Fatal. The repair man should have notified the craneman
that he needed to cross.

Case 10 —Oiler fell from ore bridge to bottom of ore bin—99 feet. TFatal. Wassup-
%’)osed to be.oiling on another bridge at some distance from this. Reason, if any, for
being on this bridge unknown. The point from which, apparently, man must have

- fallen is well guarded by railing and toeboard. Nothing in the way of prevention
except on the part of the men can be suggested in such cases.

Cuse 11.—1Loader was caught between 1ift of billets and side of car when craneman
racked in. Fatal. Loader was adjusting the side blocks, which had fallen down.
Craneman regarded as negligent and discharged,

Case 12.—Extra craneman left the crane and then attempted to return without
signaling to stop. He stepped on the end truck and, slipping off onto the walk, was
crushed between girder and column. Fatal. Man negligent, but craneman some-
what at fault.

Case 13.—Man struck by engine when walking through subway. Fatal. Engine
crew claimed that smoke obscured view as they backed out of mill. Should have
waited for smoke to clear.

Case 14.—Car blocker run down by cars which railroad crew were moving. Fatal.
Crew at fault in not notifying foreman of coal hopper according to rule.

Case 15.—Chipper struck by block falling from crane. Fatal. Craneman pulled
main switch of crane just as hoist block was about to strike limit switch. This killed
the limit and block went up until cables broke and block fell.

Case 16.—Painter fell from plank which he had placed on a temporary safety barri-
cade. He fell from roof to scaffold two floors below. Fatal. Partner warned him of
the insecurity of the arrangement which he made. Man clearly took a chance rather
than do the work necessary to safety.

Case 17.—(Gas washer went into fan house to pack leaky bearing and was asphyxiated.
Fatal. It wasnot hisduty to attend to this work, and a rule requires men not to go
alone into places where gas is likely to accumulate. Methods of keeping inclesed
spaces clear of gas deserve further attention,

Case 18.— Laborer going home from work was run down by train. Thought that he
was under the influence of liquor and tried to board moving train. Fatal. No
safeguard except care on part of man.

Case 19.—Laborer run down by a string of cinder pots being pushed out of upen
hearth pit. e was standing on the track with his back to the approaching train
warming himself from molds which stood on an adjacent track. The train was mov-
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212 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

ing very slowly, and when someone noticed the man’s danger and signaled the
engineer he stopped at once, but when the slack of the coupling straightened out it
was enough to strike the man and knock him down. Fatal. Only care can prevent
such occurrences.

Case 20.—Craneman left his crane, and for some unknown reason went upon the
crane runway and was caught between the end carriage of another crane and a column
of the building. No duty required or even suggested his being at the point where
he was injured. Fatal. Care is the only remedy.

Case 21.—Unloader operator started motor and left his cab to readjust part of ma-
chine, using a bar for this purpose in the vicinity of some open gears. When the part
he was adjusting came into place the sudden movement of the bar threw him into the
gears. Fatal. Man had been warned not to leave the cab and leave the motor running.
The adjustment he tried to make was another man’s duty. Covers were in process of
construction for the gears.

Case 22, —Switchman went between cars to couple. Caught and crushed. Fatal,
Care is the only possible safeguard.

Case 23.—Coal elevator operator removed cover of manhole and went down into
coal bunker., There his head was caught between conveyor buckets and bracket.
TFatal. No duties requiring man to enter the hunker. Rules forbid doing repairs or
approaching machinery when it is in motion.

Case 24.—Welder struck head against hydrogen tank, making slight wound. When
he reported to hospital several days later the wound was infected. It seemed to yield
to treatment but later changed for the worse and he finally developed a case of menin-
gitis. Fatal. Prompt report of even slight injury is the only safeguard.

Case 25.—Laborer working with others on scaffold in furnace removing old lining
preparatory to relining. Around the scaffold is a space of about 12 inches through
which the bricks may fall to the bottom of the furnace. Through this space the man
fell. Fatal. There seems to be no way to conduct this operation in a safer manner.
Care on the part of workers is the only safeguard.

Case 26.—Car inspector stepﬁed between cars to allow engine to pass. A locomotive
making up a train on the track on which he was standing bumped the cars, knocking
him ((iiown, and the wheels passed over him. Fatal. Care on part of man only safe-
guard.

Case 27.—Larry car learner was on platform alongside hopper of larry car at coke
ovens. Man is not supposed to remain on this platform when car is in motion, since
the clearance at various points is not sufficient to pass safely. He was caught and
crushed at such a point. Fatal, The regular operator warned him to get down into
cage. Only care on men's part will avoi(% such occurrences.

Case 28.—Crane hooker had lain down to sleep behind a pile of steel. Craneman,
moving castings, in some way shut power off and casting fell on hooker. Fatal.
Hooker to blame, since he had no right to use the place which he did for taking a nap.
The craneman can not be blamed, since he could not see man in position he occupied.

Case 29.—Tool repair man stood on track watching locomotive on another track and
failed to notice one on track where he was standing. Knocked down and crushed.
Fatal. There are no curves at this point and the only available safeguard is attention
on the part of those having to cross the yard.

Case 30.—Boiler maker adjusting a channel with crane when knot of rope slipped,
allowing channel to fall. It weighed about 1,400 pounds. TFatal. The man had
himself made an improper knot in adjusting the rope.

Cuse 81.—Laborer run down by train. Loss of leg. Man was getting out of mill
somewhat before quitting time by an improper route. The train crew did all possible
to save him.

Case 32.—Laborer helping to move car along track was caught by swinging magnet
of crane. Fatal. Craneman disregarded rules in moving the magnet.

Case 83.—Laborer crossing track run down by engine. Fatal. Train crew taking
all possible precautions. Man took chance in crossing ahead of engine. Should have
waited for it to pass.

Case 34.—Switchman forgot to throw switch directing cars on proper track. As a
result they came back on the track from which they had just been pulled. He was
walking on this track with his back to the cars, evidently expecting them to take the
track for which he had not thrown the switch. The engineer could not see the man
in this position. Fatal. The man only could prevent such accidents.

Case 35.—Yard cleaner run down by ladle train. Fatal. Train crew were followin,
usual procedure. It would seem to be a case where only care on man’s part coul
prevent accident.

Case 36.—Fireman scalded when a head-on collision occurred between his train and
another. Fatal. Flagman did not go back proper distance and give signal.
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Case 37 —Conductor closing switch walked onto adjacent track and was struck by
another train. Fatal. Man of long experience and should have been properly
cautious.

Case 38.—Laborer washing at a drain where the clearance was insufficient was
struck when train pushed in. Fatal. There is a shanty not far from this place
provided with basins and other conveniences, so there was no occasion to use this
dangerous place, Man must be held responsible.

Case 39.—Laborer struck b%r slide bar when crane lowered lift of rails. In piling
100-pound rails, 16-pound rails about 15 feet long are used to separate the successive
layers. One of these was allowed to project about 24 inches. The load struck this
projecti.ng end, causing the light rail to swing around violently. Fatal. Men
1nstructed to place slide bars so that they will not project.

Case 40.—Engineer caught between tender and locomotive when his engine collided
Wit(lil another. Fatal. Man did not have his train under proper control on a down

ade.

Case 41.—Track laborer run down by train. Fatal. Train crews must be educated
to take greater precautions in moving through yards.

Case 42.—Watchman on bridge struck by engine. Fatal. Train crew should use
greater care in keeping effective lookout.

) (i’{ase 43.—Laborer run down by engine. Fatal. Train crew not sufficiently on the
ookout.

Case 44.—Laborer caught under slab falling from magnet. Fatal. Men had been
cautioned not to get too near when manipulating objects on magnet since power is
likely to go off without warning.

Case 45.—Brakeman stepped between cars on short side of curve to adjust coupling
and was caught. Fatal. an did not observe rules.

Case 46 .—Piler caught between lift of plates and pile when craneman pulled wrong
lever, racking out trolley instead of lowering. Fatal. Craneman entirely at fault.

Case 47.—Craneman raised his lift until the limit switch was brought into action.
He got on the crane to locate the trouble and fell to the plate which was being carried,
Fatal. The man had been directed by motor inspector to remain on platform of crane
until trouble was located. This he did not do. The action of the limit switch in this
case doubtless prevented the blocks from going so high as to break the cables. 1If this
had happened several men on the floor below would have been endangered.

Case 48.—Laborer caught under falling lift of plates when crane dog came off. Fatal,
Care on man’s part not to get under loads would seem the only remedy.

Case 49.—Blacksmith’s helper struck in abdomen when end of bar he was turning
on anvil slipped from anvil. Fatal. Greater care on part of man only possible
preventive.

Cases Invorving UNavomnaBLE TraDE Risk.

Case 1.—Carpenter helping to remove scaffold from furnace after relining. A piece
of scantling slipped from a bundle which had been hoisted to the top of furnace. It
fell back inside the furnace striking the man on the head as he came back onto the
scaffold. No recommendation.

Case 2.—Laborer passing under boiler floor was struck on the head by a brick falling
from floor above—about 24 feet. No recommendation.

Case 3.—Labor foreman in charge of gang of laborers was engaged in taking down
from a coal stock pile a section of railroad track. The pile was about 10 feet high.
1t did not appear that the track was dangerously undermined until it gave away and
a3 it slid down the man was crushed between the rails. The committee makes no

recommendation. . .
Case 4.—Laborer fell from walk into ore bin and was smothered. No recommenda-
tion.

Case 5.—Regular engineer had got out of cab to assist the switchman. The deceased
offered to run the engine. On getting into cab he apparently lost control of engine
and ran into platform and was crushed. No recommendation.

Case 6.—Lineman fell from tower, probably due to contact with live wires. He and
fellow worker had been enﬁaged on dead circuits on tower. He was going to secure
material when it is supposed he came in contact with the live wire. No recommenda
tion.

Case 7.—Fell from gondola car on which he was standing when locomotive crane
kicked another car against it. No recommendation.

Case 8.—Machinist’s helper came in contact with overhead trolley bars and was
electrocuted. Man climbed up to the vicinity of the bars without direction from the
machinist and for no apparent reason. May have misunderstood his directions. No
recommendation.
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214 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Case 9.—Laborer pushing truck on which were loaded ingot mold flazks. The flasks
were to be transferred by crane from the door of shop. The truck got out of control
and ran past the point where the crane was waiting. The crane hooks caught on the

asks causing them to fall. The man was crushed. No recommendation.

Case 10.—Hammerman forging steel billet on 2,000-pound steam hammer. Was
cutting billet, Cutter had stuck and man was using set on top of if. When hammer
came down the set twisted, throwing handle against man with so much force 2s to
puncture hig liver. Fatal. No recommendation.

Case 11.—Brakeman standing on end sills of car was probably thrown off by jar of
starting. ‘The wheels passed over his body. Fatal, No recommendation.

Case 12.—Brakeman fell from car and wheels passed over body. Fatal. No recom-
mendation.

Case 1 3.—Chargerfplaoing billet in heating furnace when end swung around striking
him in abdomen. Fatal. No recommendation.

Case 14.—Rigger was thrown into top of furnace when chain block broke. He fell
120 feet. Fatal. No recommendation.

Case 15.—Laborer engaged in tearing down open hearth furnace overcome by heat.
Had been working a spell of not more than 15 minutes. Fatal. No recommendation.

Case 16.—Conductor thrown from car when engineer 1a:,rpplied. brakes suddenly

inking he was likely to run down a water boy. ¥atal. No recommendation.

Case 17.—Fireman suffered heat stroke. Fatal. No recommendation.

Case 18.—Craneman was crossing the bridge over the coupling box when the same
broke and a piece flew up striking him. Fatal. Norecommendation. The coupling
casting had a flaw which could not be detected externally.

Case 19.—Man riding ore car on trestle to set brake ang stop car at desired point.
Tt would seem that the sill of the car where he was standing was slippery and that the
jar of the car threw him off. Fatal. No recommendation.

Case 20.—Man riding on foothoard of dinkey coal box was thrown from same when
car pushed by dinkey was derailed. Lossof leg. No recommendation.

Case 21.—Cinder ﬁit man fell from ladle cars when going out of pit. Fatal. Ne
recommendation. Not known just how accident happened.

Case 22.—Laborer caught when gun carriage fell E(e}m crane due to breakage of
chain. Fatal. No recommendation. No flaw in chain, which was of a size which
should be ample to sustain weight.

Case 23.—Brakeman fell from foothoard of engine and was drageed for some distance.
Fatal. No recommendation.

Case 24.—Inspector had his clothes set on fire by the explosion of a torch. Fatal.
No recommendation. Experiment with new type of searchlight. Tests did not
indicate the cause of torch explosion. It does notseem to be possible to detect flaws
in the steel except by the use of the torch.
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CHAPTER IX.—THE ACCIDENT RECORD TO 1919.%

The current chapter will attempt to present as complete a record
of the accident experience of the iron and steel industry up to the
end of the year 1919 as the available data will permit.

In each of the following tables the year 1907 is introduced when-
ever possible since it represents the conditions which prevailed prior
to the beginning of the organized safety movement. The figures
presented do not fully indicate the unsatisfactory situation of that
period. The keeping of usable records accompanied the giving of
more attention to preventive measures and consequently the plants
and companies data for which it was possible to utilize are not an
average but represent the best conditions then existing.

THE INDUSTRY.

Table 65 and Charts 15, 16, and 17 show conditions in the industry
as a whole.

TABLE 65.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR THE TRON AND STEEL
INDUSTRY, 1907 TO 1920, BY YEARS AND PERIODS.

Accident frequency rates |Accident severity rates

Number of cases. {per 1,000,000 hours’ ex- {per 1,000 hours’ ex-
posure). posure).
Number
Ye?illr)gr of Per- | Tem- Per- | Tem- Per- | Tem-
period. ¥ workers. ma- | po- ma- | po- | ma- | po- |

nent | rary nent | rary 'O~ nent | rary o=
Death. | “gis. | ‘qig- | Total. Death.t gic | gis. | fal, [P0 gis. | gise | tal.

abil-| abil- abil- | abil- abil- | abil-

ity. ity. ity. | ity. ity. | ity.
27,632 61 ] 106 | 6,530 | 6,697 0.7! 1.3 |78.8 [80.8 4.4 L7 11| 7.2
202,157 327 | 848 | 44,108 | 45,283 51 1.4 [ 72.7174.7 3.2] 1.2 .81 5.2
231,544 204 | 931 | 34,676 | 35,811 3| 1.3 49.9 |51.56 1.8] 1.1 6] 3.5
300,992 348 11,241 | 54,575 | 56,164 41 1.4 |60.4 [62.2 2.3 L1 .81 4.2
319,919 426 (1,200 | 55,556 | 57,182 41 1.3 |57.9{59.6 2.7 .9 .71 4.3
256, 299 219 | 860 | 37,390 | 38,469 3| 1.1]48.6150.0 1.7 .9 .61 3.2
116, 224 87| 3872 | 13,481 | 13,940 2] 1.1}38.7 j40.0 1.5 .7 B 2.7
166,646 159 § 728 | 20,655 | 21,542 3 % 4 [41.3 43.0 1.9 1.0 .6 3.5
410, 852 523 11,268 | 57,094 | 58,885 4 .0)46.3 47.7 2.5 .9 .61 4.0
474,435 543 1,253 | 54,293 | 56,089 4 .9138.1139.4 2.3 .8 .51 8.8
377,549 419 | "848 | 41,009 | 42,276 41 1.0 40.2 41.6 2.2 .8 .61 3.6
442,685 327 |1,084 | 49,482 | 50,893 2 .8[37.3 [38.3 1.5 .8 4 2.7
1910 to 1914 11,310,911 | 1,524 |5,080 [226,305 |232, 954 4| 1.3 |57.5|59.2 23] 1.1 L7141
1915 to 1919.(1,545,706 | 1,731 14,469 (186,532 (192,732 4| 1.0} 40.2 [41.6 2.2 .8 .61 3.6

The foregoing table and Charts 15, 16, and 17 have points of interest
which will be found common in a greater or less degree to all the
departments which are represented in it: (1) The year 1907 exceeds
in every particular any later year. (2) There are points of high fre-
quency and severity corresponding with the periods of industrial

14 Rates are introduced for 1920 whenever avaflable,
215
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216 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

revival. It should be noted that it is the period of revival rather than
the period of high productivity which shows the tendency to increas-
ing rates. It will appear repeatedly in other connections that the
necessary introduction of new men into the working force is the
prime cause of this increase. The fluctuation chart brings out very

CHART 15.

peri ACCIDENT SEVERITY RATES IN,THEIRON.AND STEEL INDUSTRY
00s FOR SPECIFIED PERIODS
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clearly this relation of accident rates to the movement of industry.
(3) T%e chart showing trend, in which overlapping five-year intervals
are utilized, indicates two things: (a) There Eas been a steady and
marked downward tendency during the entire period; (b) This
tendency has been more marked in minor injury, which determines
frequency, than in severe injury, reflected in the severity rates.
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ACCIDENT RECORD TO 1919, 217

Attention should be called to the fact that in both the fluctuation
and the trend charts in this chapter the position and relation of the
frequency and severity curves are significant. (1) The- higher the
rates the farther up on the charts will the curvesrun. (2) Commonly
the severity curve runs below the frequency. Approach to or passing
above the frequency curve on the part of the severity curve indicates

CHART 16.
FLUCTUATION OF ACCIDENT RATES FROM 1910 7o 1919
IRON AND STEEL INDUSTRY
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a relatively higher severity. For example, in blast furnaces the
severity curve lies entirely above the frequency curve, while in sheet
mills the reverse condition obtains.

All the charts in this chapter are drawn on the same scale so that
in a direct comparison the impression received through the eye gives
a correct idea of the relations%ips of the departments involved.
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ACCIBENT RECORD TG 1919, 219
BLAST FURNACES.

Table 66 and Charts 18, 19, and 20 present the facts as to blast
furnaces.

.

TABLE 66,~ACCIDENT FREQUENCY AND SEVERITY RATES FOR BLAST FURNACES,
1907 TO 1920, BY YEARS AND PERIODS,

Accident frequency rates | Accident severity rates

Number of cases. (per 1,000,000 hours’ ex- (per 1,000 hours® ex-
posure), posure).
Yearor | Num-
Fod ber. of Per- | Tem-~ | Per- | Tem- Per- | Tem-
Periot.  lworkers ma,-t po- | ma} po- - ma% po~ T
nent | rary nent | rary | To- nent [ rary | To-
Death.| ‘gic. | dis- Total. [Death., dis- | dis- | tal, |Peatht G 1 'Gid | 4al.

abil- | abil- abil- | abil- abil- | abil-

ity. ity. ity. | ity. ity. | ity.
1, 566 g 11 456 | 4| LOf 23|97.1{0L.3{ 1L5( 2.7| L8| 16.0
19,389 68 681 4,971 5,107 L2 121855879 6.9 L7] Lo} 9.6
21,479 52 54t 3,308 1 3,408 .8 81 5.3 (529 4.8 .9 .8 6.5
,154 73 871 4790 ; 4,958 .9} L1]|58.8]60.8 54| 1.0 .8 7.2
31,988 86 801 4,749 { 4,045 .9 815811598 5.3 | 1.0 .8 7.2
2,512 | 45 77| 3,935] 4,057 6] Lo|®ma|s10] 3.5 w0l 7| 52
10,721 19 23 981 | 1,023 .6 .7130.5( 318 3.5 .6 .4 4.5
14, 3 551 LT3 ) 1,868 S E3|W4| 4.3 21T B B8 4.6
38, i 4 B 401 4813 T O 4: 91428 44 o .5 5.8
. 4%, waf 7| 43| 52 .8f .6[3%.0|w4} 4o} .8} 5| 62
...| 32,889 94 671 3,745 | 3,906 1.0 .7138.0139.7 571 1.0 .5 7.2
...| 35,470 47 581 3,214 3,319 .4 5130.2 | 3L.1 2.7 .9 .4 4.0
010 to 1914 (126,582 324 | 366 | 22,578 2?% 3 g} LO[64|628] 52| LO .81 7.0
W15 to 1919. 136,166 317 | 312 | 15,287 | 15,916 37.4 | 39.0 47 .9 .5 6.1

Inspection will immediately disclose that this department is one of
relatively high hazard. The %lack rtions of the bars in the severit
ehart, indicating as they do the relative seriousness of death in eac
of the several years, is an impressive indieation that this department
demands constant and energetic atterrtion if it is to reach and main-
tain a satisfactory accident level. The seeond five-year period has
s lower rate than the first, but each of the eharts shows a disquiet-
ing tendency during the war period in the direction of increase which
should be resisted with the utmost possible vigor.

Table 67 shows how the different occupational groups in the: blast
furnaces fared in the matter of injury. ‘

In frequency both in the earlier and the later period the east-house
men had a most undesirable preeminence. In severity their rate in
the earlier period (17.9 days per 1,000 howrs’ exposarey is higher than
any other. Their situation improves in the seecond gm& to such an
extent that their rate (6.9 days) is below that of the Iaberers (9.8
days) and of the unclassified workezs (11.7 days}. _

An interesting light is shed upon the prebable cause of this im-
provement by noting that of the rate of 6.9 daﬁgor cast-house men
m the later period 5.8 days are due to burns, while laborers have but
1.8 days and the unclassified group 3 days. It is well lovown that in
the course of development of the blast farmsce, improvemernts in
structure have been made which have materially lessened the chance
ef fatal injury through ““breakouts’” of hot metal. This improvement
is reflected in the much Iower severity rate of cast-house men in the
second period.
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TABLE 67.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR BLAST FURNACES,
1905 TO 1914 AND 1915 TO 1919, BY OCCUPATIONS.

Frequency rates
Number of workers. | (per 1,000,000 hours’

Severity rates
(per 1,000 hours’

Oceupation. exposure). exposure).
1905-1914 | 1915-1919 { 1905-1914 | 1915-1919 | 1905-1914 | 191 5-1919
1,727 126. 8 71.8 17.9 - 6.9
6,273 83.5 39.3 8.9 9.8
4,670 42.7 28.7 6.4 6.0
1,128 52.3 23. 4 9.0 3.4
3,824 46.4 46.6 15. 4 11.7
17,621 66.9 40.3 10.6 8.53
CHART 18,
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CHART 19.

221

FLUCTUATION OF ACCIDENT RATES FROM [910 1o 1919
BLAST FURNACES
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222 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

CHART 20.

TREND OF ACCIDENT RATES —MOVING 5-YEAR TOTAL
BLAST FURNACES
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ACCIDENT RECORD TO 1919, 293
BESSEMER DEPARTMENT.

Table 68 and Charts 21, 22, and 23 show the situation in the
Bessemer department.

TABLE 68.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR THE BESSEMER DE-
PARTMENT, 1907 TO 1920, BY YEARS AND PERIODS,

Accident frecaggncy rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Y o
ear or er 0
~ Per- | Tem- Per- | Tem- Per- | Tem-|
period. v;;c;gk— m a_t po- ma; po- m'.t r‘:f,
. nent | rary nent | rary nen

Death.| gis. | qis. | Total-{Death.| qic’| gis [Total, Death.| "y | i, |Total.

abil- | abil- abil- | abil- abil- | abil-

ity. | ity. ity. | ity. ity. | ity.
967 1 5 383 389 0.3] 171320 [134.0 21 09} 24 5.4
5,070 20 181 1,043 | 1,981 13} 1211277 |130.2 7.9 .O[ L6 10.4
5,155 6 24 11,237 | 1,267 4] 1.6|79.9}| 819 23] L1| k1 4.5
6,521 9 871 1,892 | 1,938 51 1.9]96.7(99.1 281 1.0} 15 5.3
6,885 16 421 1,610 | 1,668 B8] 20)77.9|80.7 46} L2} 12 7.0
4,470 6 25 685 716 .41 1.8]|51.1153.3 2.2 1.2 .9 4.3
3,160 2 21 494 517 21 2215211545 1.3 L4 .8 3.5
4,070 13 848 894 1.1] 2.8]|69.5]|73.4 64] 21| 1.2 9.7
5,979 20 211 1,194 | 1,235 1.1} 1.2166.6| 68.9 6.7] L3831 L2 9.2
5,881 13 18 877 90! 71 1.0 49.7|51.4 441 1.0 .8 €2
6,555 14 18 849 881 i .9143.2| 44.8 4.3 .5 .9 5.7
6,907 5 9 750 .2 .413.21363 1.4 .3 .6 2.3
1910 to 1914...| 28,101 57| 1461 7,367 1 7,576 71 LT 87.4]89.8 40 11| 1.3 6.4
1915 to 1919...| 25,645 62 | 112 4,262 | 4,436 .81 L5 |5b.4|80.7 48| L1} LO 6.9

The rates for this department are very erratic and seem to have
been influenced more by the conditions prevalent durintgghe war period
than were other departments. The result is that second five-
year period somewhat exceeds in severity the earlier period althouih
m frequency there was a satisfactory decline. The question ought
always to be raised in such a case whether the falling frequency has
not given a false idea of improvement when in fact the condition is
actually becoming more hazardous. It is admitiedly difficult to
safeguard against some of the serious dan%ers which prevail in this
department, but that much can be accomplished by persistent effort
is proved by the experience of certain plants.
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224 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

CHART 21.
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CHART 22.
FLUCTUATION OF ACCIDENT RATES FROM 1910 7o 1919
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226 ACCIDENTS IN THE IROR AND STEEL INDUSTRY.

.CHART 23.
TREND OF ACCIDENT RATES —MOVING S<YEAR TOTAL
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ACCIDENT RECORD TO 1919, 2297

OPEN HEARTHS.

Open hearths have a slightly decreased severity in the second five-
year period, due to the decrease in permanent injury and temporary
disability. Death slightly increases. The fluctuation chart shows a
rather vielent upw&rg swing in the years 1917 and 1918. This is
sufficient to give an upward trend at the close of the period even
when five-year periods are considered.

TABLE 69.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR OPEN HEARTHS 1907
TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,080 hours’
exposure). exposure).
Y Dar'ot
ear or er 0 Per- | Tem- Per- | Tem- Per- | Tem-|

period. we?;k' ma- | Ppo- n:lts‘-t po- ma- | po-

e nent | rary nent| rary nent | rary
Death. dis- | dis- Total. |Death. dis- | dis- Total Desth. ‘3ic" | ‘qis. |Total

abil-| abil- abil- | abil- abil- | abil

ity. | ity. ity. | ity. ity. | ity.
14 14 908 936 1.6 | 1.6 |101.3 {104.5 9.3 40 1.1 | 14.4
29 53| 3,028 3,110 1.0 { 1.8 (103.6 (108.4 6.0 24| 1.4 9.8
18 45| 1,830 | 1,953 .6 | 1.4 58.8(60.8 3.4 1.1 .9 5.4
47 99 | 4,039 | 4,185 91 1.9)77.6180.4 53] 1.9| Lo 8.2
35 951 4,368 | 4,498 .61 1.5[70.7]72.8 3.4 1.4 10 5.8
14 41§ 2,484 | 2,539 4| 1.164.3|65.8 2.21 1.5 .8 4.5
8 20 832 8 .47 1.1 146.5148.0 2.7 .9 .8 4.2
12 37 | 1,458 | 1,507 4| 1.3150.3]52.0 2.5 .8 .9 4.2
47 86 | 3,187 | 3, 1 1.3 149.51 585 4.4 1.2 .8 6.4
71 103 | 3,983 | 4,157 91 1.3150.3]523 541 1.4 1.1 7.9
53 71 3,103 .2 81 1.0145.6]47.4 471 L3 .8 6.8
43 70| 3,164 | 3,277 .5 .8137.0{38.3 3.0 .8 .5 4.3
1910 to 1914 .] 71,293 143 | 333 | 15,809 | 16,285 .77 L5(72.8)73.0 4.0| 1.6} 1.0 6.6
191510 1919.{ 86,175 | 191 | 317 | 12,563 | 13,071 71 1.2{486)50.5] 44| 1.2] .9 6.5
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CHART 24,
PERH ACCIDENT SEVERITY RATES IN OPEN HEARTHS
00s. FOR SPECIFIED PERIODS.
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CHART 25.

FLUCTUATION OF ACCIDENT RATES FROM 1910 7o 1919
OPEN HEARTHS
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230 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

CHART 26,

TREND OF ACCIDENT RATES —MOVING 5-YEAR TOTAL
OPEN HEARTHS.
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FOUNDRIES.

The trend in accident rates for foundries is shown in Table 70 and
Charts 27, 28, and 29.

TABLE 70.~ACCIDENT FREQUENCY AND SEVERITY RATES FOR FOUNDRIES, 1907
TO 1920, BY YEARS AND PERIODS,.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ ex- | (per 1,000 hours’ ex-
posure). posure).
Nuamber;
qul(‘)é)t of Por- | Tem- Per- | Tem- Per- | Tem-
Pt hyorkers, ms;: po- ma;; po- '1‘ ma-t po- -
nent | rary nent | fary 0- nent | rar; o-
Death.| ‘gis' | ‘ais. | Totel. [Death.| s | 'Gid | al. [Death.| ‘G | G | tal.

abil- | abil- abil- | abil- abil- | abil-

ity. | ity. ity. | ity. ity. | ity.
93¢ 1 3 179 183 0.4( 1.1163.5|65.0 2.1 0.3 1.0 3.4
16, 885 7 8} 2,615F 2,700 11 1.5151.6 |53.2 .8 LO .6 2.4
3,499 18 57| 1,970 2,045 4| 1.4 |48.6 | 50.4 2.7 1.0 .6 4.3
231 135 | 4,512 4,67 31 1.9164.6]66.8 2.11 L5 .8 4.4
24, 605 221 18| 5,236 | 5,376 3] 1.6 [70.972.8, 1.7 12| .8 3.7
17,634 14 61| 3,432 3,¢ 3| 1.2 |164.9166.4 1.6 1.0 .7 3.3
....... 2 118 120 f.......] .5{30.0{30.5|.......7 .2 .4 .6
1,231 1 6 145 152 31 1.6 139.3|41.2 1.6 .6 .7 2.9
31, 805 45| 161 | 6,810 | 6,956 5] 1.1[71.4173.0 2.8% 1.0 .9 1
32,181 23| 1661 5,482 | 5,611 21 1.1]56.8)58.1 1.5) 1.0 .1 3.2
24,220 15 621 4, 4,125 2 .9155.7] 5.8 1.2 .8 .7 2.7
35,300 13 97| 6,688 | 6,798 1 .9163.2164.2 .7 .8 .8 2.3
1910 to 1914.| 95,917 8% | 449 | 17,75 | 18,298 3] 1.6 |61.7]63.6 1.8 1.1 .7 3.6
1915 40 1919.| 92,746 84 | 277 | 16,604 | 16,965 31 1.059.7]61.0 1.8 .9 .7 3.4

Foundries have a distinetly lower hazard than the departments
already eonsidered. The showing must be regarded as rather dis-
appointing. The second five-year period has a very slightly lower
severity rate, due entirely to a decliné in the permanent injuries. A

oodly number of foundries have made a record of declining severity

ut this is clearly overbalanced by the record in others in which the
situation was not regarded as serious enough to demand strenuous
effort. The fluctuation chart shows that the course of rates has been
rather wildly erratic, particularly in the severity curve. This is
accounted for in part by the fact that whenever the rate is low, due
to a small number of ggaths, when deaths do occur they influence
the curve so much as to obscure the significance. It is particularl;
necessary in such cases to resort to some ““smoothing”’ process whic.
will give a more correct idea of the trend. Consulting the trend chart
it becomes evident that the foundries here covered have gone alon,
a nearly even course. They certainly do not exhibit any marke
improvement.

That improvement is possible and has been attained in certain
cases is indicated by Table 71 in which occupational rates are shown
for two periods. These cover the same plants and doubtless to a
certain extent the same employees. Among cleaners there is a
noteworthy decline in severity, which can be almost entirely attributed
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232 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

to the greatly extended use of protective goggles which has largely
reduced the eye injuries formerly so common among this class of
employees. e rates for core makers, who have a very low rate in
any case, increased somewhat in frequency but declined in severity.
The other occupations do not have any material change.

It must be suggested again that a declining frequency has perhaps
obscured the fact that severity was not moving in the same direction.

TABLE 71..~ACCIDENT FREQUENCY AND SEVERITY RATES FOR FOUNDRIES, 1910 10
1914 AND 1917 TO 1919, BY OCCUPATIONS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Num-
Occup;tiioo‘i‘l and ]‘?Vegrgf Per- | Tem- Per- | Tem- Per- | Tem-
P g ors ma—t po- r ma-t po- T ma-t po- -
’ nent | rary | To- nent | rary | To- nent | rary | To-
Death.| gis. | dis- | tal. (Pe8{ Qis- | dis- | tal. |Pe80: Gis- | dis- | tal.
) abil- | abile abil- | abil- abil- | abil-
H ity. | ity. ity. | ity. ity. { ity.
Cleaners:
1910 to 1914.. .1 4,196 4 60 12,153 {2,217 0.3 | 4.8 171.1 ]176.2 1.9 39| 1.6 | 7.4
1917 t0 1919... 3,857 2 23 1,350 1,375 .2 2.0 [116.7 [118.9 1.0| 2.3{ 1.3 | 4.6
Core makers:
1910 to 1914...1 1,273 241 | 242 63.1 .5 .9
1917t01919._.{ 1 318 ] 318 82.9 6 .6
Melters and
heipers:
. 1910 t0 1914...1 1,261 |....... 8| 220} 2281{....... 2.11582160.3 ....... 1.8 61 24
1917 t0 1919...f 1,778 1 41 260§ 265 .2 .7148.7149.6 1.1 .7 .61 2.4
Molders and
helpers:
1910 to 1914. .| 5,266 5 54 1,631 1,690 .31 3.4 1103.2 {106.9 1.9 3.0 1.1} 6.0
1917 to 1919...] 5,202 10 30 {1,129 (1,169 .61 1.9]72.8|753 3.8{ 1.1 1.0} 5.9
Total, 1910
to 1914.. .. (11,996 9| 123 |4,245 14,377 .3 | 3.4 (118.0 [121.7 1.5 29} 1.1} 5.5
Total, 1917
to 1919... [12,357 13 57 3,057 (3,127 .4 14825843 2.1 13| 1.0] 4.4
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CHART 27.
PERI- ACCIDENT SEVERITY RATES IN FOUNDRIES
0DS. FOR SPECIFIED  PERIODS
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CHART 28.
FLUCTUATION OF ACCIDENT RATES FROM 1910 1o 1919
FOUNDRIES
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CHART 29.
TREND OF ACCIDENT RATES —MOVING 5-YEAR TOTAL
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936 - ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

BAR MILLS.

Accident frequency and severity rates for bar mills for 1915 to 1920
are presented in Table 72.

TABLE 72.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR BAR MILLS, 1915 TO 1920,
BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Y Derot
ear or er o

: - Per- | Tem- Per- | Tem- Per- | Tem-|
period. “:;2" ma. | po- ma- | po- ma-t po-
. nent | rary nent | rary nent | rary

Death. dis- | dis. Total. [ Death. dis- | dise Total..Death. dise | dis Total,

abil-| abil- abil- | abil- abil- | abil-

. ity. | ity. ity. | ity. ity. | ity.
1915......... 3,232 1 7 577 585 0.1| 0.7]59.51}60.3 0.6 0.6] 0.7 1.9
1916.......... 3,042 4 11 783 798 4| 1.2 185.8%87.4 2.6 51 L1 4.2
1917.......... 7,472 8 341,940 | 1,982 .4 1.5 86.5|88.4 2.1 1.0 1.0 4.0
1918.......... 5,734 6 18 756 780 .3 1.0143.9|45.2 2.1 7 .7 3.5
1919.......... 4,601 1 7 689 697 .1 .5 149.9 | 50.5 .4 .5 .7 1.6
1920, ......... 3,880 1 5 525 527 A1 44481453 .5 .2 .5 1.2
1915 t0 1919...] 24,081 20 77| 4,745 | 4,842 .31 1.1]65.6 |67.0 1.7 .‘7 .7 3.1

HEAVY ROLLING MILLS.

Severity in heavy rolling mills is slightly greater in the second of
the two 5-year periods. When, however, the fluctuation chart and
general trend are considered it will be evident that a really material
Improvement has been brought about, obscured by the intrusion of
two bad years, 1915 and 1917. :

In frequency there is an almost continuous decline when the 5-year
periods are considered. During the war period an upward trend was
established which, it may be hoped, has now come to an end.

TABLE 73.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR HEAVY ROLLING
MILLS, 1907 TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Y Der ot
ear or er 0
: Per- { Tem- Per- | Tem- Per- | Tem-|
period. v:(;gk- mai po- ma- | po- ma-t po-
. nent | rary nent | rary nent | rar;
Death.| “gic | dis. { Lotal. Death.] 5. " §i s Total. Death.| ;.. disz Total.
abil- | abil- abil- | abil- abil- | abil.

ity. | ity. ity. | ity. ity. | ity.
8 10 874 892 0.6} 0.7|640]65.3 3.5| 0.3| Lo 4.8
19 57 12,167 | 2,243 7] 20]76.5)79.2 40| 1.5 L0 6.5
9 48 | 1,636 1 1,693 .21 1.3 (43.9( 45.4 1.4 .9 .7 3.0
20 411 2,395 | 2,456 .4 .849.1150.3 2.3 9 .7 3.9
16 60 [ 1,910 | 1,986 .31 1.1}136.2]37.6 1.7 .6 .6 2.9
10 55 899 9 .3{ 1.5(25.0/] 26.8 1.5 L0 .4 2.9
10 24 596 0 .51 1.1]27.8]129.4 2.8 1.0 .3 4.1
44 959 | 1,010 .21 L.51381.7)33.4 14| 1.3 .5 3.2
30 87 11,784 1 1,901 5] 1.4{29.0130.9 2.9 L0 .5 4.4
24 671,900 1 1,991 .41 1.1132.0]33.5 2.4 .9 .5 3.8
20 53 11,711 1,784 .41 1.0132.4]33.8 2.3 1.1 .5 3.9
12 341,638 | 1,684 .2 .5126.3]27.0 1.2 .4 .4 2.0

1910to 1914...| 67,663 74 | 261 | 9,007 | 9,342 4] L3 44.4146.1 2.1 .9 .

1915 t0 1919. .| 75, 166 91| 275 6,950 | 7,316 4f 1.2(30.8]|32.4| 2.4 Lol . g gﬁ g
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CHART 30.
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CHag® 31,
FLUGTUATION OF ACCIDENT RATES FROM 1910 o 1919
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CRART? 32,
TREND OF ACCIDENT RATES —MOVING 5-YEAR TOTAL
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240 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.
PLATE MILLS.

No_department shows a more pronounced and regular decline of
severity than the plate mills during the earlier 5-year period. The
department is not an exception to the usual rule that the war period
is marked by a strong tendency to rising rates. This is probably
accentuated by the fact that the great demand for ship plates led
to the use of some rather improvised mills which could not; in the
time available for their installation, be put in the best condition from
the safety standpoint. _

It will be observed that the rather sudden rise which occurred
durin%lthe war, shown in the fluctuation chart, is almost entirely
smoothed out when the overlapping 5-year periods are plotted.

TABLE 74.~ACCIDENT FREQUENCY AND SEVERITY RATES FOR PLATE MILLS, 1907
TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Num-
Y:;aiggr 2%’;{;_‘ Per- | Tem- Per- | Tem- Per- | Tem-

perioc. ors ma;; po- ma-t po- ma;; po-

* nent | rary nent | rary nent | rary
Death. | “5ic " | ‘gis. | Totel. [Death } 5. | gis. [Total Death.| 4i " [ ;5 [Total.

abil-| abil- abil- | abil- abil- | abil-

ity. | ity. ity. | ity. ity. | ity.
4 12 637 653 0.7 | 2.1 [110.9 [113.7 4.2 3.7 1.2 9.1
7 27 602 636 7] 2.7|6L1]64.5 4.3 1.6 7 6.6
5 15 590 610 4 1.1 144.8}46.3 2.3} 10 N 3.9
2 25 893 9. .17 1.6|68.0(59.7 8| 2.0 .8 3.6
3 25 725 753 .2 1.5|44.546.2 L1]| 1.2 .6 2.9
2 13 319 334 .21 1.2130.6132.0 1.1} L0 .5 2.6
1 121 131 2] 1.419.3)20.9 1.0 .6 .3 1.9
3 15 436 454 2] 1.18L0;32.3 1.3 .7 .5 2.5
4 22 766 792 .21 1.1 (387.7139.0 1.2 .9 .5 2.6
8 19§ 1,446 | 1,473 3 .7149.9150.9 1.7 .6 .7 3.0
9 24 11,247 | 1,280 3 .71350)36.0 15 .5 .5 2.5
9 23 11,147 {1,179 3 .6 321830 1.5 .6 .4 2.5
1910 to 1914, | 27,711 191 105 | 3,129 { 3,253 31 1.6 [48.0]49.9 1.8 1.4 .7 3.9
1915 to 1919.. .| 35,073 25 4,016 § 4,130 2 .8138.21]39.2 1.4 .6 .5 2.5
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CHART 33.
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0Ds FOR SPECIFIED PERIODS.
5 10 15
M
|

A

Z

Bl rownes ESeeranent [ ] TEmpoRARY

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



242

ACCIDENTS IN THE IRON. AND STEEL INDUSTRY.

CHART 34.
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CHART 35.

TREND OF ACCIDENT RATES —MOVING 5-YEAR TOTAL
PLATE  MILLS
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PUDDLING MILLS.

The rates for puddling mills are not very satisfactory. They are
based on a small exposure and it has not been possible to separate
the accidents related to the puddling process from the rolling-mill
cases which occurred in the rolling of the puddled iron into muck
bar. It is quite probable that some of the deaths recorded for this
department were due to the rolling-mill operations rather than to
the puddling process. This process, while very laborious and only
possible to men of considerable strength and endurance, does not
give rise to a great number of serious accidents.
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244 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 75.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR PUDDLING MILLS, 1917
TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of eases. (per 1,000,000 hours’ {per 1,000 hours’
exposure). exposure).
¥ Der ot
ear or er 0.
Per- | Tem- Per- | Tem- Per- | Tem-|
period. “gl)_rsk' ma. | po- ma- | po- ma- | po-
. nent | rary nent | rary ) nent | rary
Death. dis- | dis. Total. {Death. dis- | dis. Total.|Death. dis- | dis. Total.
abil- | abil- abil- | abil- abil- | abil-
ity. | ity. ity. t ity. ity. | ity.
017.......... 4,129 1 10 572 583 0.1] 0.8]|46.2 | 47.1 05| 0.6 0.6 1.7
1918, ... ... 2,712 3 4 370 377 .4 .5 |45.5 | 46.4 2.2 4 .6 3.2
919, . ... ... 1,619 |....... 1 140 41 |....... .2128.8]29.0....... 1 .4 .5
1920.......... 2,00 1 10 243 254 21 1,7140.3 1 42.2 1.0 .8 .6 2.4
1917 to 1919.. . 8,460 4 151,082 | 1,101 .2 6| 42.6 | 43.4 9 4 .6 19
ROD MILLS.

No data are available for rod mills prior to 1915. Since there has
been in recent years considerable replacement of the older types of
rod rolling mills by continuous mills, which do not require so man
men for tgheir operation and do not require them to occupy suc
dangerous positions, it may fairly be inferred that severity rates
before 1915 were higher than they have been since.

The 5-year period covered is of course influenced by war condi-
tions and the apparent lack of improvement may be less significant
than it seems.

TABLE 76.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR ROD MILLS, 1915 TO
1920, BY YEARS AND PERIODS.

Accident frequency rates { Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Y ber o1
ear or or 0 Per- | Tem- Per- | Tem- Per- | Tem-
period. “g;gk' ma- | po- ma- | po. ma- | po-
. nent | rary nent | rary nent | rary
Death.| “gic " | gis. | Total.{Death.| " " | ‘qic’ [Total. Death. dis- | dig. [Total.
abil- | abil- abil- | abil- abil- | abil-
ity. { ity. ity. | ity. ity. | ity.
2,062 {....... 10 229 239 §....... 1.6 }37.01386|....... 0.71 0.5 1.2
2,493 |....... 16 259 276 foau.... 2.1134.6136.7 [....... L9 .5 2.4
4,951 7 23 699 729 0.51 1.547.1]49.1 2.81 1.4 .5 4.7
3,249 5 11 350 366 51 1.1(35.9137.5 3.1 1.0 .6 4.7
2,463 2 10 184 196 31 1.4]249126.6 1.6 1.4 .5 3.5
3,729 1 9 344 354 1 .8130.7[31.6 .5 .5 .4 L5
1915 to 1919.._ .} 15,218 14 70 11,721 | 1,805 3{ 1.5|37.7]39.5 1L.8}§ L3 .5 3.6
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SHEET MILLS.

The sheet mills present a very interesting situation. As compared
with other departments they had low rates at the outset. The
fluctuation chart shows these varying in accord with the usual ex-
perience but notably, and with a fya;ir degree of steadiness, declining.
This becomes more noticeable when the severity curve of the trend
chart is considered. Only two 5-year periods show a rising rate and
neither of these has a conspicuously rising rate.

Table 77 includes all occupations of the sheet mills, and the severity
rate for the second 5 years is 1.5 days per 1,000 hours’ exposure.
Elsewhere it will appear that the characteristic operation of these
mills, namely, sheet rolling, has an even lower rate (0.34 day). It
is the common impression that the apparatus of the sheet mill has
been but little modified in the course of time. In general appearance
and in mode of operation this is quite true, but in capacity to do work
and in safety to .the worker there has been an important advance.

TABLE 77 ~ACCIDENT FREQUENCY AND SEVERITY RATES FOR SHEET MILLS, 1907 TO
1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates

Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Y ber ot
ear or er o Per- | Tem- Per- | Tem- Per- | Tem-|
period. w;‘;gk' ma} Do~ ma; po- ma—t po-
. nent | rary nent | rary nent | rary
Death.| ‘31| “dise Total. {Death. dis- | dis. Total,[Death. dis- | dis Total.
abil- | abil- abil- | abil- abil- | abil-
ity. | ity. ity. | ity. ity. { ity.
2 8 274 284 0.3 1.2} 43.3 | 44.8 1.81 1.9} 0.4 4.1 .
28 52 | 3,310 | 3,390 .5 .9159.6|610 2.9 .8 .6 4.3
9] 71|3,625]3,705 1] .8140.7| 416 7] .4l 18
19 67 | 5,497 { 5,583 .2 .7157.1]58.0 1.2 .7 .7 2.6
21 67 | 3,717 | 3,805 .3 .9 | 47.8 | 49.0 1.6 .5 .6 2.7
11 513,113 | 3,175 2 .81 46.8 | 47.8 .9 .5 .6 2.0
7| 231,901 | 1,981 1| .5(39.0]30.6 of .3 .5 17
13| 622,655 | 2,730 .21 .8|3.8(36.8 6| 5 .5| 1e
11 38 12,687 | 2,736 .1 .5(33.4|34.0 8 .6 .5 1.9
3 17 937 957 .1 .3 18.1118.5 3 .5 .2 1.0
3| 32]1,854 /1,889 1y le]320](32.7 3| 4| 4| 11
14 59 | 2,979 | 3,052 W2 .8 | 40.1 | 41.0 1.2 9 .8 2.3
1910 to 1914 .. 1128, 423 88 | 308 (19,262 (19,658 .2 .91 50.01¢51.1 1.4 .6 .6 2.6
1915t01919. . .|104,335 37 | 172 {10,034 |10,243 .1 .5 38211 382.7 .7 .4 .4 1.5
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CHART 36.
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Caiare 37.
FLUCTUATION OF ACCIDENT RATES FROM 1910 w 1919
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CHART 38,
TREND OF ACCIDENT RATES ~MOVING 5- YEAR TOTAL
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TUBE MILLS.

The tube mills have nearly as low rates as the sheet mills, but they
aremuch less regular. The fluctuation chart indicates that their range
of variation was rather wide. Thisis due in part to the fact that the
tube mill as ordinarily considered is made up of two rather distinct
elements, (1) the furnaces and rolling and drawing apparatus and
(2) the finishing floor, where the operations are more like those of a
machine shop.

For some reason the tube mills were influenced by the conditions
attending the war period to an unusual degree. In the year which
seems on the whole to be the culmination of war-time conditions
(1917) the rates both for frequency and severity shot up with sur-
prising rapidity, subsiding, not so rapidly, the following year.

TABLE 78.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR TUBE MILLS, 1907
TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accldent severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Y Der ot
ear or er o Per- | Tem- Per- | Tem- Per- | Tem-
period. | work- ma | po- ma- | po- ma- | po-
* nent | rary nent ; rary nent | rary
Death.| ‘gis.’ | ‘dis. | Total |Death.| 57."1 §is [TotalDeath. dis- | ais. {Total
abil-] abil- abil- | abil- abil- | abil-
ity. | ity. ity. | ity. ity. | ity.
2,007 1 4 575 580 [ 0.2 0.7 )95.5|96.4 1.0} 0.6 1.5 3.1
9,767 251 1,608 | 1,636 .1 .9 5491559 .6 4 .7 1.7
13,676 1 53 | 2,080 | 2, 03| 1.3]50.7¢52.0 .2 .8 .5 1.5
17,080 10 60 | 2,154 | 2,224 .5 1.2} 42.0] 43.7 1.3 .8 .5 2.6
, 15 72 11,586 ] 1,673 .3 1.3128.07129.6 1.6 .7 4 2.7
13,906 7 39| 1,195 | 1,241 .2 .9]28.6129.7 1.0 .6 .4 2.8
7,109 2 21 182 .1 1.0] 85] 9.6 .6 .6 .2 i.4
11,355 2 26 453 .1 8112.5113.4 .4 .3 .3 1.8
19,819 17 51| 1,967 | 2,035 .3 .9133.1]34.3 1.7 .5 .4 2.6
18, 499 8 41 { 1,127 | 1,176 .1 .7[20.3121.1 .9 .4 .3 1.6
.| 18,326 9 39 | 1,127 | 1,172 .2 .7120.4121.3 1.0 .6 .3 1.9
22,666 13 71 12,166 | 2,250 2 1.0 | 31.9 | 33.1 1.1 .5 .5 2.1
1910 to 1914...| 73,338 361 249 | 8,623 | 8,908 .2 1.1]39.2 | 40.5 1.0 W7 .5 2.2
1915 to 1919...| 75,108 384 178 | 4,825 | 5,041 .2 8| 21.4122.4 1.0 .5 .3 1.3
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CHART 39.
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CHART 40
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252 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

UNCLASSIFIED ROLLING MILLS.

The unclassified rolling mills are a miscellaneous group whose exact
status it was not ‘possib?e to determine. The showing is chiefly in-
teresting because it reflects in considerable measure the situation in
the mills which are hand operated as distinguished from those more
largely mechanically operated.

en the two 5-year periods are contrasted, it is evident that a
very material improvement has come about.

TapiE 79.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR UNCLASSIFIED ROLL-
ING MILLS, 1810 TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). ) exposure).
Y Per ot ’ |
ear or er 0 Per- | Tem- Per- | Tem-| Per- | Tem-
period. “;‘;gk' ma- | po- ma- | o ma-, | po-
* nent| rary nent | rary nent | rary
Death.| g5 | gig. | Total Death.d gic "I gjg |Total.Death.| 5t "1 3.7 |Total.
abil-| abil- abil- | abil- abil- | abil-
ity. | ity. ity. | ity. ity. | ity.
14,434 15 49 | 4,861 | 4,925 0.3 | 1.1[112.3 [113.7 2.1y L6]| 1.3 5.0
21,231 16 76 13,388 | 3,480 3 1.2153.2) 54.7 1.5 1.1 .7 3.3
X 16| 76| 4,660 | 4,752 .2 1le7.8[69.1] 15| 10| .9 3.4
23,382 24 84 | 5,051 | 5,159 3] 1.2{72.0173.5 2.0) 1.1} 1.0 4.1
22,873 11 75 | 3,541 | 3,627 .21 1.1)51.6] 52.9 1.0 .8 .7 2.5
4,367 2 14 475 491 .2 1.1436.2]37.5 .9 .5 .4 1.8
08: 5 25 922 952 .2| 1.0|388.01{39.2 1.2 .6 .7 2.5
27,978 10 60 | 4,265 ; 4,335 .1 .7150.8151.6 .7 .7 .7 2.1
37,163 22 741 4,015 1 4,111 .2 .7136.0]36.9 1.2 .5 .5 2.2
25,106 14 45 | 2,967 | 3,026 .2 .6139.4) 40.2 1.1 .4 .6 2.1
21,055 16 68 12,785 | 2,869 31 L1{44.1145.4 1.5 .9 .5 2.9
1910 to 1914...]104,829 82| 360 (21,501 (21,943 .8 1.2{71.8173.3 1.7 1.1, .9 3.7
1915 to 1819. ..1102, 696 53 1 218 |12,644 112,915 .2 .7]41.0 41.9 1.0 .5 .6 2.1

1 Subject to correction.
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CHART 41,
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CHART 42.
FLUCTUATION OF ACCIDENT RATES FROM 1910 70 1919
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FABRICATING SHOPS.

The fabricating shops resemble in many particulars the machine-
using mechanical departments. They differ in the amount of shift-
ing that it is necessary to do by means of eranes. The handling of
heavy girders seems to involve, as does erane operation in general, a
considerable number of severe injuries. Of a severity rate in 1915~
1919 of 18.55 days per 10,000 hours’ exposure due to machinery in
these shops, 12.46 days were due to the operation of cranes.

Thesecond 5-year period shows amaterialimprovement over the first.

TABLE 80.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR FPABRICATING SHOPY,
1907 TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours” (per 1,000 hours’
exposure). EXpOSte).
Y Dorst
ear or er o
b > Per- | Tem- Per- | Tem- Per- | Tem-
peret R || e ma, | po, -did
ny
Death.| gic | ‘dis. | Total [Death. dis- | dis- Total.| Death dis- | s |Total.
abil- | abil- abil- | abil- | abil | abil-
ity. | ity. ity. | ity. ity. [ ity.
2,081 6 12 571 589 1.0 1.9]91.5| 94.4 58} 29| 0.8 9.5
8,713 11 33 13,901 | 3,945 .41 1.3 1149.2 (150.9 25| LO| 19 5.4
19,530 92 | 3,244 | 3, 11 1.6155 57.% A LE 6 2.3
28,988 32| 119 6,830 | 7,041 41 14179 81.¢ 2.1 3 .81 3.8
30,470 34| 104 7,368 | 7,506 4] 1.1]80.6}) 8.1 2.2 & .8 3.8
20,837 13 77| 4,103 | 4,193 .21 1.2/[65.6}67.0 L2} L0 9 2.9
3,818 "3 15 471 9 .31 1.3(41.1]42.7 1.6 & .7 2.9
4,980 7 25 K 7. B 1.7147.1 1 49.3 2.8 7 .9 4.4
23,614 21 67 | 4,192 | 4,280 .3 .9 | 59.2] 60.4 1.8 .6 .7 3.1
29,166 22 29 | 5,077 | 5,128 .3 .3158.0|58.6 i.5 .5 6] 2.6
19, 407 27 | 2,752 | 2,785 1 .51 47.3147.9 W7 .8 5 1.5
17,216 14 68 12,721 { 2,803 2] 13527542 L6 L} .6 3.3
1910 to 1914._..|108,538 98 | 425 25,506 |26,029 3] 1.3}78.3]79.9 1.7 ¢ 8 3.4
1915 to 1919...| 80,985 59 | 163 [13,195 (13,417 .2 .7154.3155.2 1.5 .5 € 2.6
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CHART 43.
1eerr- ACCIDENT  SEVERITY RATES IN FABRICATING SHOPS
005 FOR SPECIFIED PERIODS.
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CHART 44.
FLUCTUATION OF ACCIDENT RATES FROM 1910 +o 1919’
FABRICATING SHOPS
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258 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

FORGE SHOPS.

The sccident fluctuation in forge shops from 1916 to 1920 is shown
in Table 81.

TABLE 81.—~ACCIDENT FREQUENCY AND SEVERITY RATES FOR FORGE SHOPS, 1917
TO 1920, BY YEARS, AND 1910 TO 1919 BY PERIODS,

Accident frequeney rates [ Accident severity rates

Nuwmber of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Nuvm- |
Year or ber of Per- | Tem- Per- | Tem- Per- | Tem-
period. weork- maz po- ma-t po- ma-t po-
ers. nent | rar nent { rary nent | rary
Death.| B0 | Y | Total. [Death. et | 3 | TotalDeath.| " | g, [Total.
abil-§ abil- abil- { abil- abil- | abil-
ity. | ity. ity. | ity. ity. | ity.
15 917 935 0.3 13| 78.8]80.4 1.5¢ 1.6 L3 4.4
26 | 1,009 | 1,039 .2) L4]5832]54.8 1.2] 1.1 N 3.0
4 257 263 .3 .6139.5| 40.4 1.8 .3 .6 2.7
L] 380 385 |venenen .8158.6(59.4|....... .8 7 1.5
1910to 1914._.| 6,249 8 191 1,080 1,107 .4t 10| 57.6:89.0 2.6 .6 7 3.9
1916 to 1619...| 12,667 9 451 2,189 | 2,243 2| 1.2]57.6| 59.0 1.4 L1 .9 3.4

WIRE DRAWING.

The most notable feature of the record for wire drawing is the
large contribution to the severity rate made by permanent injury.
This is conspicuous in each of the years eovered by the record.

This is related te the liability of the worker to beeome entangled
in the wire as it comes off the reel and meves toward the block.
When so entangled there is every likelihood that, unless the machine
is provided with a stop such as is made a part of the designin
modern practice, the worker may lose a hand, a foot, or at ledst a
finger. There are still enough draw benches of the older type, to
which ne stop has been applied, to maintain the excess in this matter
of permanent injury.

The fluctuation chatt shows that after an initial rapid rise in the
war period there was a most striking decline in both frequency and
severify.

TABLE 82.—ACCIDENT FREQWENCY AND SEVERI?Y RATES FOR WIRE DRAWING, 1910
TO 1920, BY YEARS AND PERIODS.

) Accidertt frequency rates | Accident severity rates
Number of cases. (per 1,600,006 hours” (per 1,000 hotrs’
exposure). exposure).
Num-
Year or ber of Per- | Tem- Per- | Tem- Per- | Tem-|
period. work- ma-t po- ma—t po- ma\-t po-
ers. nent | rar nent | rary nent | rar
Death.| 70 | 5T | Total [Death.| TEY [ TR 1Total{Death.| T8EY| WY \otal.
abil- | abil- abil- | abil- abil- | abil-

ity. | ity. ity. | ity. ity. | ity.
5 8423232412 0.2 2.7174.7(71.6 LO| 2.6 0.7 4.3
4 89 12,270 | 2,363 .1 2.3|59.0{ 61.4 .61 2.0 .6 3.2
4] 104 2,627 2,735 .1 2.7]67.1] 69.9 6] 2.5 7 3.8
6 59 | 2,542 | 2,607 .2 1.5]66.4168.1 .91 11 .7 2.7
2 471 1,742 1 1,791 .1 1.4 50.6( 52.1 -4] 1.3 .5 2.2
1 62| 1,831 | 1,894 03] 2.6(77.7] 80.3 31 2.4 .8 3.5
4] 104 1,764 | 1,872 .1 3.6[6L.6{653 .81 2.9 .6 4.3
3 6311,700] 1,766 .1 1.5} 41.3] 42.9 41 10O .6 2.0
4 991 { 1,055 .1 1.6 (25.8(27.5 6] 1.2 .4 2.2
....... 32 626 658 |.......] 1.2[23.91251].......] 1.0 .4 1.4
2 63 | 1,252 | 1,317 .1 1.6 | 31.5 | 33.2 31 L7 .5 2.5
1910t0 1914.. .} 59,481 21 11, 504 11,908 1 2.1163.5) 657 71 1.9 .6 3.2
1915t0 1919...| 52,666 12 321 6,912 7,245 1 2.0 43.71 45.8 .5] 16 .5 2.6
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CHART 45.
PERH ACCIDENT SEVERITY RATES IN WIRE DRAWING
005 FOR SPECIFIED PERIODS.
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260 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

CHART 46,
FLUCTUATION OF ACCIDENT RATES FROM 1910 to 1919
WIRE DRAWING
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ACCIDENT RECORD TO 1919, 261
ELECTRICAL DEPARTMENT.

The record for the electrical department is a distinet disappoint-
ment. The severity is high and there is no indication of any im-
provement. 'Fhe exposure to fatal electric shock is reflected in the
rre laﬁ';ty of the rate and the proportion of it which is attributable
to deaths.

It has been demonstrated by some companies that the work of
this department can be carried on with a much greater degree of
safety than is indicated by this record. In another smaller group
which has been studied regarding the matter of causes of injury to
these workers the severity rate of the latter 5-year period shown in
the table is 5.2 days instead of 7.2 days. Since the smaller group is
included in the larger it is evident that there is a section of the in-
%u(sitry in which conditions for the electrical workers are distinctly

ad.

TABLE 83.,—ACCIDENT FREQUENCY AND SEVERITY RATES IN THE ELECTRICAL
DEPARTMENT, 1910 TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Y Derot
ear or et o Per- | Tem- Per- | Tem- Per- | Tem-

period. “Q.gk' ma-t Po- ma-t po- ma-t po-

. nent | rary nent | rary nent | rary
Death.| "3ic " | ‘gis. | Total. Death.| 5 " | '5:] Total.|Death. dis- | dis. |Total.

abil- | abil- abil- | abil- abil- | abil-

ity. | ity. ity. | ity. ity. | ity.
2 282 287 | 0.4 0.7]61.6]62.7 2.6 0.9 0.7 4.2
3 9 356 368 .41 1,1]43.0] 44.5 2.2 .9 .5 3.6
6 15 523 544 51 1.3 (4591 47.7 3.1 L7 .5 5.3
14 15 495 524 1.2 1.2 (411435 701 1.2 .5 8.7
8 6 301 315 1.1 .9 43.1 1 45.1 6.9 1.0 .5 8.4
1 1 23 25 .5 .5112.5]13.5 3.3 2 .1 3.6
6 6 289 301 1.2 1.2 | 58.9 | 61.3 7.3 4 .8 85
16 16 571 603 1.2 1.2 43.4 | 45.8 7.3 L3 .7 9.3
10 10 485 505 7 71341355 4.2 1.1 .4 5.7
13 7 483 503 .9 .5 347361 5.6 .9 .5 7.0
5 3 403 411 .4 .2130.0| 30.6 2.2 .1 .4 2.7
1910 to 1914...] 14,921 33 48 11,957 | 2,038 8] 11452471 4.6 1.2 .5 6.3
1915 to 1919...} 16,023 46 40 | 1,851 | 1,937 1.0 .8138.5) 40.3 5.7 1.0 .5 7.2
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CHART 47.

: PERH ACCIDENT SEVERFTY RATES IN ELECTRICAL DEPARTMENTS
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CHART 48,
FLUCTUATION OF ACCIDENT RATES FROM 1910 1o 1919
ELECTRICAL DEPARTMENT
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264 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

MECHANICAL DEPARTMENT.

The mechanical department shows a definite improvement as to
safety in the second 5-year period. It is not, however, as large as
might have been expected. It is necessary repeatedly to reca%l the
fact that this later period includes the war. To have come through
that with a decrease instead of an increase is in itself an achievement.

The curves of the fluctuation chart run in this case an unusually
parallel course. This indicates that specially severe injuries do not
so frequently intrude with their disturbing influence as is the case
in some of the departments.

TABLE 84.—ACCIDENT FREQUENCY AND SEVERITY RATES IN MECHANICAL DE-
PARTMENTS, 1908 TO 1920, BY YEARS AND PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Num-
Ye;;iggt g?;rﬁf Per- | Tem- Per- | Tem- Per- | Tem-
period. T ma- | po- ma. | po- ma- | po-

‘ nent§ rary nent | rary nent | rary
Death.| gis | ‘gig. | Total Death.| g "1 g [Total.Death.| qi " | 30 [Total

abil- | abile abil- | abil- abil- | abil-

ity. | ity. ity. | ity. ity. | ity.
1,619 4 7 430 441 0.8] 1.4]8%1{913 491 0.6 1.1 6.6
15,927 18 56 {2,618 | 2,602 41 1.2[54.8)56.4 2.3 .9 .5 3.7
A 13 80 | 3,015 | 3,108 .21 1.5]56.3|58.0 L5| 1.1 .7 3.3
21, 591 19 95 | 4,040 | 4,154 3] L5]62.4|64.2 1.8 1.2 .8 3.8
36 ( 103 | 4,972 | 5,111 5] 1.4]69.0| 70.9 2.9 1.0 .9 4.8
17,772 18 60 | 3,149 | 3,227 . 1,1159.1160.5 2.0¢ 1.0 .7 3.7
5,987 3 27 3 603 .21 1.531.9433.6 1.0 .7 .4 2.1
16, 920 9 86 | 2,245 | 2,340 21 1.7 4; 2] 46.1 1.1 1.5 .6 3.2
33,328 43 134 | 5,201 | 5,378 .4 1.3 | 52.0| 53.7 2.6 1.0 .8 4.4
, 54 | 162 ] 6,054 | 6,270 .3 .9134.8(36.0 1.9¢{ 10 .4 3.3
0, 45 83 14,483 | 4,611 .4 .7]36.8}37.9 2.2 .7 .5 3.4
34,648 26 68 | 3,767 | 3,861 .3 .7136.2137.2 1.5 .6 .5 2.6
1610 t0 1914...] 97,161 104 | 392 (17,794 18,292 .41 1371610627 211 1.1 .8 4.0
1915 to 1919. ..[154, 846 154 | 492 (18,556 |19,202 .31 1.1139.9| 41.3 2.0 1.0 .5 3.5
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266 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

CEART 50,
FLUCTUATION OF ACCIDENT RATES FROM 1910 7o 1919
MECHANICAL SHOPS
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POWER HOUSES.

Table 85 presents the trend of accident rates for power houses from
1915 to 1920.
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ACCIDENT RECORD TO 1919, 267

TABLE 85.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR POWER HOUSES, 1917
TO 1920, BY YEARS, AND 1912 TO 1919, BY PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,600,000 hours’ (per 1,000 hours’
exposure). exposure).
¥ It;Tum}
ear or er 0,
. ot Per- | Tem- Per- | Tem- Per- | Tem-
period. “g;rsk ma- | po- ma- | po- ma- | po.
* nent | rary ‘| nent | rary nent | rary
Death.| "5ic "t gis | Total Meath.| gic " qis [Total.Death.] 3i.” | gisl [Totel.
abil- | abil- abil- | abil- abil- | abil-
ity. | ity. ity. | ity. ity. | ity.
4,552 7 7 210 224 0.51 0.5|15.4]16.4 3.1{ 1.0} 0.3 4,4
3,699 9 10 254 273 8 .9122.9]24.6 4.9 -5 .4 5.8
4,093 11 2 213 226 9 .2 (17.3 1 18.4 6.4 .1 2 5.7
4,591 4 1 172 177 3 .1j12.5( 12.9 .71 () .2 1.9
-1912to0 1914...{ 8,083 6 21 544 571 2 9122.423.5 1.5 .8 .3 2.8
1915 to 1919...] 13,219 27 21 739 787 7 5)18.6 | 19.8 4.1 .8 .3 5.0

1 Less than 0.05.
YARDS.

The yards department is an extraordinarily difficult one to deal
with from the safety standpoint. Its salient feature is movement.
Wherever there may be sudden approach at varying speeds accidents
are likely to happen. The slight excess in the severity rates for the
second 5-year period would have been much more pronounced had it
not been for the fact that 1915 had no deaths.

On the whole it must le said that conditions in the internal trans-
portation of the plants have shown no improvement since the earliest
records were compiled. This is partly due to the fact that in many
large plants the growth has gone beyond the available space and a
condition of congestion prevails which can not be remedied without
more drastic changes in arrangement than the management is as yet
willing to undertake.

TABLE 86.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR YARDS, 1907 TO 1920,
BY YEARS AND PERIODS, '

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
v Dot of
ear or er o
: Sy Per- | Tem- Per- | Tem- Per- | Tem-

R S I A oo | By | po,
Death.| 5is | dis. | Total [Death.[ "5 " | (517 |TotaliDeath.| "5 " | gi [Total.

abil- | abil- abil- | abil- abil- [ abil-

ity. | ity. ity. | ity. ity. | ity.
5 10 509 524 0.6 1.2]64.8|66.6 3.8 2.6 L1 7.5
40 49 | 2,054 | 2,143 8| 1.0 43.0) 44.8 50| 1.0 .5 6.5
11 43 | 1,336 | 1,390 41 1.6 | 49.0 | 51.0 2.4 1.9 .7 5.0
23 64 | 1,940 | 2,027 71 1.9157.8]|60.4 4.1 1.4 .8 6.3
28 50 | 1,807 {1,885 8| 1.4 1520542 4.7 1.0 7 6.4
10 37 975 | 1,022 4 1.6 1 41.2 | 43.2 2.5 1.4 .6 4.5
....... 15 417 432 |.......| 1.3{36.2]37.5|.......] 1.0 .4 1.4
12 56 929 997 51 2.4139.4]42.3 3.1}1 2.2 .6 59
36 77 11,792 | 1,905 8| 1.6 38.0]40.4 4.6 1.7 .6 6.9
33 62 | 1,526 | 1,621 71 1.2 311330 401 1.2 .6 5.8
25 48 11,021 |} 1,094 8] 1.6 [33.7|36.1 491 L9 .6 7.4
10 33 922 965 3 .9 (25.4(26.6 L7 L3 .4 3.4
1910 to 1914...] 55,932 112 | 243 | 8,112 | 8,467 7] 1.5 }48.6 1 50.8 4.0 1.4 .6 6.0
1915 to 1916...{ 53,890 106 | 258 | 5,685 | 6,049 7] 1.6 352|375 3.9{ 1.6 .6 6.1
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268 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

CHART 51.
PERI- ACCIDENT SEVERIT] RATES IN’ YARDS
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CHART 52.

FLUCTUATION OF ACCIDENT RATES FROM 1910 7o 1919
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2170 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

ERECTION OF STRUCTURAL STEEL.

In Table 87 are presented the accident frequency and severity
rates for the erection of structural steel, from 1915 to 1920.

TABLE 87.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR STRUCTURAL STEEL
ERECTION, 1915 TO 1920, BY YEARS, AND 1912 TO 1919 BY PERIODS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposare). exposure).
Num-
qu:t‘)gr ber of Per- | Tem- Per- | Tem- Per- | Tem-
period. work- ma-t po- ma»-t po- ma-t po-
©r8. nen rary nent | rary nen ral
Death.| 00" | HY | Total [Death.| Ji0* ) "R ITotal | Death | T50F | 2 Totay,
abil- | abil- abil- | abil- abil- | abil-
ity. | ity. ity. | ity. ity. | ity.
k] 7 251 266 3.3 2.9(104.2(110.4 | 19.9| 43| 1.2} 25.4
10 3 251 264 3.31 1087|870 19.8] L7} L7 23.2
12 15 442 469 3.5 4.3(127.5(135.3 | 20.8| 4.0| 2.2} 27.0
10 8 364 377 2.7 .8[98.31101.8) 16.2| 2.0 1.4 19.6
5 7 214 2.21 3.018.8192.0{ 129! 1.3 L3| 155
6 2| 204 222 3.3) 6.6 |111.8 1237 | 19.7] 3.7 | 2.5| 259
1912 to 1914...] 2,157 26 24 738 788 4.0 3.7 1140 {121.7 | 241 | 5.5{ 1.8 314
1915 t0 1919...] 4,979 45 351 1,522 1 1,602 3.0 2.3 [101.9107.2 | 181 | 2.6 | 1.6 | 22.3

It has long been known that this department was among the most
hazardous in which men are occupied It probably has not been
fully realized that it was the most hazardous of all. Consulta-
tion of Table 89 (p.274) will show that in the severity of accidents
only one department (docks and ore yards) exceeds the structural-
steel erectors in any particular. The severity rate for permanent
disability for docks and ore yards for 1915 to 1919 is 4.1 days per 1,000
hours’ exposure, while erectors have 2.6 days. Since the exposure in
docks and ore yards is rather small, the rates are less reliable than
those for the larger departments.

The erectors’ severity from fatal injury of 18.1 days may be con-
trasted with the rate for brakemen in railway yards (16.6 days),
road freight brakemen (14.1 days), electrical workers (5.7 days), and
blast-furnace employees (4.7 days).

The five years ending with 1919 show a decided improvement when
compared with the earlier period (22.3 days as against 31.4 days).

Two things are perfectly clear when these rates are considered:
(1) Conditions in erecting are sufficiently serious to call for the most
careful attention from those in charge; (2) the experience seems to
indicate that much improvement is possible.

The inherent hazard of this occupation must be recognized as high.
Added to this are some features which differentiate it from what may
be termed fixed industry. Where all apparatus is necessarily port-
able it is much more difficult to apply adequate safeguards. All
construction work is likely to be carried on under conditions of greater
hurry and pressure than in ordinary manufacturing. Both contractor
and owner are desirous of the earliest possible termination of the
operation. Such conditions of haste do not make for safety. The
temporary and migratory character of the business makes it more
difficult to organize the working force along the lines which have
Eroved successful in safety work in ordinary plants. It is clear,

owever, that these difficulties are not insurmountable. The same
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272 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

principles that govern in fixed industry are applicable here, and the
attention now being directed toward them by important construc-
tion firms should bring a further improvement in the near future.

The high rates prevalent in this occupation have often been ascribed
to the reckless behavior of the men. This, like all such explanations,
‘should be regarded with much skepticism. The poise with which
one of these men works under conditions which would be impossible
to a less experienced man is an evidence of his training rather than
any willful disregard of his own safety. It has not been possible to
make a critical study of the causes which are operative in this field
such as has been made in some of the iron and steel departments,
but such attention as it has been possible to give indicates very
definitely that here, as elsewhere, there is great chance for the apph-
cation of engineering skill in devising methods both safer and more
efficient than those now in use.

MISCELLANEOUS DEPARTMENTS.

In Table 88 are given accident frequency and severity rates for
1915 to 1920 for the following miscellaneous departments: Coke
ovens, armor-plate works, axle works, car wheels, docks and ore yards,
woven-wire fence, nails and staples, and unclassified departments.

TABLE 88.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR MISCELLANEOUS
DEPARTMENTS IN THE TRON AND STEEL INDUSTRY, 1915 TO 1920, BY YEARS
AND FOR SPECIFIED PERIODS. '

COKE OVENS.

Accident frequeney rates [ Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’
exposure). exposure).
Num-
Year or ber of Per- | Tem- Per- | Tem- Per- | Tem-|

period. work- ma-t po- ma-t po- ma-t po-

ers. nent | rary nent | rary nent | rary
Death.| ‘qic" | gis. | Total [Death.| ‘g7 " | gis! [Total.Death.| "5is " | ‘§is. [Total.

abil- | abil- abil- | abil- abil- | abil-

ity. | ity. ity. | ity. ity. | ity.
2 4 128 134 0.4} 0.8125.927.1 2.4] 0.6 0.3 3.3
5 6 150 161 8 912271 24.4 4.6 .5 .4 5.5
26 10 508 544 1.3 .5125.5127.3 7.8 .5 .4 8.7
21 14 662 697 7 5 123.5)24.7 4.5 .5 .4 5.4
12 10 647 669 4 .4123.9124.7 2.7 .6 .4 3.7
6 11 518 535 2 .4(10.0 | 10.6 1.4 .7 .3 2.4
1912 to 1914...[ 13,282 27 39 [ 1,651 [ 1,717 71 1.0]41.4 ) 43.1 41| 1.5 .6 6.2
1915 to 1919...; 28,901 66 44 | 2,095 | 2,205 8 51241 25.4 4.6 .5 .4 5.5

ARMOR-PLATE WORKS

1916. 1 2 96 99 0.5 1.0]47.7]49.2 3.01 1.8} 1.1 5.9
1917. 4 2 225 231 9 51522 53.6 5.6 .1 .9 6.6
1018... e 3 1 198 202 6 .2 41.7] 42.5 3.8 .1 .6 4.5
1919..........] 1,082 1d...... 186 187 b 20 (R, 57.3 | 57.6 1.8 Jeeeeen .8 2.6
1911 to 1914...| 3,000 4 12 362 378 41 1.3 40.2 | 41.9 2.7 5 .7 3.9
1916 to 1919...; 4,761 9 5 705 719 6 49.9 | 50.4 3.8 .8 4.9
0.3 3.4
.1 .1
.9 .9
1.1 5.0
W7 .7
7 .7
1912to 1914. _. 1.6 6.7
1915 to 1919... .7 1.9
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ACCIDENT RECORD TO 1919, 2783

TABLE 88,—ACCIDENT FREQUENCY AND SEVERITY RATES FOR MISCELLANEOUS
DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1920, BY YEARS
AND FOR SPECIFIED PERIODS—Concluded.

CAR WHEELS.

Accident frequency rates | Accident severity rates
Number of cases. (per 1,000,000 hours’ ex- | (per 1,000 hours’ ex-
posure). posure).
Y Der ot
‘ear or €er o
: -~ Per- | Tem- Per- | Tem-| Per- | Tem-|

period. We%gk ma-t po- ma% po- ma.:c po-

. nent | rary nent | rary nent | rary
Death.| 516 | ‘@is. | Total. | Death. dis- | qig. |Total. Death.: 5:c dise Total.

abil- | abile abil- | abil- abil- | abil-

ity. | ity. ity. | ity. ity. | ity.
.......... 389 |.. .... 1 25 26 |.e.... 0.9 21,4 22.30.......] 0.3} 0.7 1.0
. 734 2 2 348 352 0.9 .9 [158.0 [159.8 5.4 L0} 2.1 8.5
11,296 3 4 250 257 8| 1.0|64.3 | 66.1 4.6 .4 91 .5.9
.| 1,866 1]..... 337 338 .2]...... 60.2 | 60.4 1.1 f...... .6 1.7
.} 1,619 1 11 353 365 2] 2.3|72.6175.1 1.2 1.0| LO 3.2
4 1,215 f....... 4 170 74 ..., 1.0 46.7 | 47.7 |. . .9 .6 L5
1912 to 1914...| 2,367 3 15 609 627 41 2.1185.8]88.3 2.5 9] L3 4.7
9115 t0 1919...{ 5, 7 18 11,313 | 1,338 4| 1.0174.1175.5 2.4 51 10 3.9

DOCEKS AND ORE YARDS.
115 f....... 2 7 L2 . 5.8120.3]26.11....... 2.3} 0.1 2.4
195 3 2 16 21 511 3.41{27.41359( 30.8(1 7.3 .51 38.6
353 2 1 78 81 1.9 .9 73.6|76.4] 11.3 .71 1.0} 13.0
368 1 1 35 37 .9 .9131.7133.5 5.4 .3 .3 6.0
362 |oeenn.. 6 39 45 ... 5.7137.042.7|....... 10.4 .51 10.9
379 1 2 12 15 9 1.8]10.6 {13.3 531 2.9 .1 8.3
1911 to 1914...) 1,293 3 11 139 153 8| 2.8|35.8139.4 4.6 2.8 .8 8.2
1915 to 1919...} 1,383 6 12 175 193 1.41 2.9)42.2 | 46.5 871 4.1 51 13.3
WOVEN-WIRE FENCE
10 204 304 {....... 2.1]63.1/ 1.2 0.5 1.7
18 180 198 [....... 3.7137.0 3.0 .4 3.4
10 98 108 {....... 2.6 ]25.7 2.1 -4 2.5
5 77 82 l....... 1.1 ] 16.8 1.0 .2 1.2
4 35 40 0.2 10| 87 .6 .2 2.3
6 48 54 [av.ne.n 1.8} 14.6 2.9 .2 3.1
1915 t0 1919... 7,311 1 47 684 732 1] 21,312 1.6 .3 2.2
NAILS AND STAPLES.
i2 181 194 0.2 2.6]39.041.8 1.3 L7} 0.3 3.3
10 236 246 [....... 21395397 ....... 1.0 1.4 2.4
16 184 201 1} 2.3}2.4]28.8 91 2.1 .3 3.3
10 123 133 ....... 1.7121.4123.1|. 1.2 .2 1.4
8 58 66 [....... 1.3 9.5 .5 .1 .6
8 164 172 [....... 1.1 23.1 .8 .1 .9
1915 to 1919...| 9,818 2 56 782 840 10 19265 1.3 .3 2.0
UNCLASSIFIED.

16 41 | 2,749 | 2,806 0.2] 0.6]42.5} 43.3 1.5 0.6) 0.6 2.7
17 72 12,714 | 2,803 2] 1.0(37.4|38.6 1.41 1.4 .6 3.4
65 ] 164 | 8,165 | 8 394 .3 .8138.2]39.3 1.8 .8 .5 3.1
79 | 284 | 9,930 [10, 293 3| 1.0{33.9]352 1.6 .9 .5 2.9
60 | 145 | 7,054 | 7,259 .31 .6/20.8[3.7} 15[ .7| .4) 28
72| 261 |11,208 11,541 .2 .8135.7(36.7 1.4 .9 .5 2.8
1915 to 1919...(293, 329 237 | 706 (30,612 31,555 .3 .8]34.8]35.9 1.6 1.3 .5 3.4

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



274 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

A NEW STANDARD OF COMPARISON.

In Bulletin No. 234 the suggestion was made that the period of five
years from 1910 to 1914 afforded a sufficient exposure to be regarded
as typical of the industry and the departments composing it. It
afforded, therefore, a fair standard by which to measure the success
of the safety movement, since it covered a period in which the efforts
for safety had become somewhat standardized and in which time had
been afforded for them to exercise a reasonable amount of influence.

With the intrusion of the great war it would not have been greatly
surprising if conditions had arisen much less satisfactory than those
of the earlier period. Fortunately, the safety movement had become
sufficiently strong so that not only did it prevent serious increase of
rates but on the whole it was able materially to lower them. It is
proper, therefore, to insist that the experience of 1915 to 1919 should
now be regarded as a representative standard by which the various
departments may test their progress. Lowerrates than those of that
period represent progress, higher rates misfortune or disgrace. Either
condition ought to be the basis for continued effort which should in
the next five years set a still higher standard.

TABLE 89.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR THE IRON AND STEEL
INDUSTRY FOR THE 5-YEAR PERTOD 1915 TO 1919.

Accident frequencyrates| Accident severity rates
Number of cases. (per 1,000,000 hours’ (per 1,000 hours’ ex-
exposure). posure).
Num-
Department. %ﬂf Por-| mom. Per- | Tem- Per- | Tem-
ers. nent| PO nont| rary | To- nont| tary | T
ent| rary | To-
Death.jisq.| Lary | Total \Death. Gisa | gisa- | tal. [Pe&t0 disa disa- | tal
bil- |3 bil- | bil- bil- | bil-
ity. * ity. | ity. ity. | ity.

Blast furnaces. ...|136,166 317 | 312 (15,287 {15,916 0.810.8]37.4]39.0 47109 05| 6.1
Bessemer......... 25,645 62 | 112 | 4,262 | 4,436 .8)1.5]585.4]|57.7 48| L1]| 10| 6.9
Open hearths. .... 191 | 317 [12,563 (13,071 .7]11.21{48.6]|50.5 4.411.2 9| 6.5
Crucibl 1 K 1) .9 (54.9)565.9 91 L0 8 2.7
84 | 277 {16,604 (16,965 .811.0159.7161.0 L8| .9 71 3.4
20 77| 4,745 | 4,842 .31 1L1(656167.0 L7y .7 .71 31
912751 6,950 | 7,316 4 ]1.2(30.8)32.4 2.4 L0 .51 3.9
25| 894,016 | 4,130 .2 .8(38.2/39.2 L4} .6 b5 2.5
4| 1511,082 1,100 L2 6] 42.6143.4 .9 .4 .6 1.9
14| 701,721 | 1,805 .31 L5|37.7]39.5 1.8} L3 .51 3.6
37 | 172 (10,034 110,243 .1 513211327 .7 .4 .4 L5
75,108 38 | 178 | 4,825 | &,041 2| .8|2L4 224 LO| .5! .3 1.8

Miscellaneousroll-

ing mills........ 102, 696 53 | 218 |12,644 12,9015 2| 71410419 10| .5 61 21
Fabricating. ...... £0, 985 59 | 163 [13,195 |13,417 2] .7 %43 55.2 L5 .5 6 2.6
Forge shops...... 12,667 91 452,180 | 2,243 .21 1.2(57.6159.0 lLa| L1 .91 3.4
Wire drawing..... 52,666 12 1321 {6,912 17,245 .1]2.01(43.7145.8 5| L6 5 2.6
Electrical......... 16,023 46 | 40 | 1,851 | 1,937 LOo| .8(385)40.3 57|10 B 1.2
Mechanical. ...... 154, 846 154 | 492 18,556 19,202 .311.1130.91 413 2.0| Lo .51 3.5
Power houses..... 13,219 271 21 0 71 .5118.6119.9 41| .6 31 5.0
Yards............ 53,890 106 | 258 | 5,685 | 6,049 .71L6([35.2{37.5 3.9| L6 .61 6.1
Structural steel

erection......... 35 | 1,522°( 1,602 .0} 2.3 11019 (107.2] 18.1 (2.6 | 1.6 22.3
Coke ovens. .-] 29, 44 | 2,095 | 2,205 .8 .5{24.1|25.4 46| .5 4] 5,5
Armor plate . 5 705 719 6] .4148.9150.4 3.8| .3 8] 49
Axle works. . 4 338 342 |eenen.. .5145.7146.2....... L2 71 19
Car wheels.._..... 5,904 7| 18] 1,313 | 1,838 4]1.0|74.1175.5 2.4 -5| L0 3.9
Dmkfi and ore 1,383 6 12 175 193 142942 46,

Vards. . veeunnnsn " 4|2 . 2 . 5 87141 .5 13,
Wire fence........ 7,311 1| 47 684 732 J112.113L.2)3834 3| L6 31 2 g
Nailsand staples..| 9,818 2] 5 782 840 .111.9]26.5 285 44 L3 .3 2.0
Unclassified...... 293, 329 237 | 706 30,612 131,556 .3| .8|34.8)359 1.6 L3 5] 3.4
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CHAPTER X.—ACCIDENT RATES AND THE WAR.

For a very long time to come the question of the influence of the
World War upon our social and industrial life will be a subject of
earnest debate. It is accordingly appropriate to devote a chapter
of this bulletin to presenting some i‘l)lu_strations which seem most
clearly to indicate the result upon accident rates which war conditions
have tended to produce.

BASIC DEPARTMENTS OF THE INDUSTRY.

The first case to be considered is that of a group of mills which have
been combined because they afford opportunity both to determine
severity rates and to examine the movement in considerable detail.
These mills are largely devoted to the fundamental departments of
the industry, namely, blast furnaces, steel works, and rolling mills.
They employed in the years covered (1914 to 1919) men varying in
number from 35,000 to 50,000. The size of the group is accordingly
sufficient to assume that the results obtained are fairly typical.

Chart 54 will first be considered, in which are shown from month to
month over the six years the fluctuations of four items, namely,
employment, frequency of nondisabling accident, frequency of dis-
abling accident, and severity of disabling accident. The figures of
each group are reduced to index numbers on the basis of January,
1914, as 100. They are then plotted on a percentage scale which
shows the per cent of increase or decrease from month to month.

It is desirable before proceeding with discussion of the features of
this chart to emphasize one point which is brought out by it. That
is the accidental character of accidents. Even in a group of employees
as large as the present one, it will be found that general conclusions
which seem to Ee fully warranted are flatly contradicted by a great
number of special cases. Accidents in their very nature depend on
combinations of circumstances which might never occur twice. It
is the unexpected which gives character to accidental happenings.
This is true 1n some measure of all types of accidents, but particularly
is 1t true of those which involve death or serious injury. It should
be expected therefore that just such fluctuations as those recorded
between the months would occur. The fact that there is not the
same regularity as that found in other statistical fields does not in the
least imply imperfection in the basic data nor error in the treatment.

If employment be considered, it will become evident that it was
fairly constant during the first eight months of 1914. It is known
from other sources of information that this was at a considerably lower
level than for the year 1913, which was a year of particularly high
activity in the industry. There is then a further decline from which
recovery begins with 1915. This increase continues with some un-
steadiness until a maximum is reached in the month of January, 1919.
From that point there is a general tendency to decline.

Turning now to nondisabling accidents, 1t will appear that while
they are doubtless influenced by the changes in employment they are
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CHART 54,—FLUCTUATION FROM MONTH TO MONTH OF SEVERITY RATES, OF FREQUENCY RATES, AND OF EMPLOYMENT, 1914 TO 1919.
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ACCIDENT BATES AND THE WAR. 277

more responsive to dther and more obscure factors. When employ-
ment is at the lowest point this class of accidents is also at a low point,
From January, 1915, there is an irregular rise, more rapid than the

"rise in employment, until August, 1916, from which there is a decline
with some upward movements in each year.

The frequency of disabling accidents runs a somewhat similar
course but nowhere departs so widely from the level of January, 1914,
as do nondisabling accidents. The E.igh month is August, 1916, from
which point there is an irregular decline.

The severity of disabling accidents is much more irregular from
month to month and nowhere reaches a level as high as that of
January, 1914. The high months are August, 1916, February, March,
and August, 1918, and July, 1919. This irregularity and the frequent
departure from the showing regarding frequency are entirely normal
in view of the fact that the comparatively small number of deaths
have a controlling influence on severity rates and the deaths are not
distributed regularly.

Chart 54 shows the percentage variations which occur from month
to month. Itis desirable to present the same data in a form in which
the irregularities are ‘““smoothed” and the general trend of events
made evident without the confusion due to temporary conditions.
In Chart 55 the rates were calculated for the years ending with each
month, beginning with December, 1914. Each point in the curves
resulting from plotting these values therefore represents an entire
year and the irregularities seen in Chart 54 are in a measure eliminated.

A study of Chart 55 reveals that there was a slight downward
trend in employment during the early portion accompanied by down-
ward movements in each of the three accident curves. This was
most pronounced in severity of disabling accident, less so in fre-
quency of disabling cases, and least in nondisabling cases.

Then, from the year ending June, 1915, to that ending June, 1916,
employment was rapidly increasing. Each of the accident curves
rises with the employment curve:néile three pursuing nearly parallel
courses, and botﬁ) frequency curves rising more rapidly than the
employment curve. It is known from other study of the situation
that this upward movement in employment involved a high accession
rate of men new to the business. The huge demand for steel which
came with the opening of the war led to taking on any man who
offered himself and seemed equal to the physical demands of the
task. Such a high accession rate of inexperienced men is always
accompanied by increasing accident rates.

From the year ending June, 1916, to that ending January, 1917,
the rise in employment continued, but at a less rapid rate. The
proportion of inexperienced men introduced is known to have been
markedly less. The accident curves rise to this point but show the
influence of the slackening in accessions. From the year ending
January, 1917, the employment curve continues to rise quite steadily
but the accident curves begin to decline. In the case of nondisabling
and disabling frequency t%js decline continues to the calendar year
1919.

In the severity curve there appears a strikin% disagreement with
the trend of frequency. While Frequenc is falling from the year
ending January, 1918, severity rises to the year ending December,

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



CHART 55—TREND OF SEVERITY RATES, OF FREQUENCS{J %ﬁTTFisqug DIISABLING AND NONDISABLING ACCIDENTS, AND OF EMPLOY-
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ACCIDENT RATES AND THE WAR. 279

1918. From that point irregular decline occurs to the year ending
December, 1919.

Chart 54 attempts to present the fluctuations from month to month
and Chart 55 the general trend over the six years. With this picture
in mind it is possible to consider the relations of these several
curves to war conditions and to suggest some explanations of the
phenomena.

It may first be noted that the records embodied in the charts do
not go back quite far enough to give all the desirable information.
Periods of high industrial activity are necessarily those in which
accident rates will tend to rise. During the period from 1906 on-
ward there have been three conspicuous periodg of this kind. 'The
are approximately 1906-1907, 1912-1913, 1916-1918. The deatﬁ
rates, per 1,000,000 hours worked in the mills under consideration
for the years since 1910 are as follows: 1910, 0.70; 1911, 0.60;
1912, 0.63; 1913, 0.67; 1914, 0.47; 1915, 0.37; 1916, 0.50; 1917, 0.40;
1918, 0.53; 1919, 0.40. It will be observed that these figures have
high points in 1910, 1913, and 1918, with depressed intervals be-
tween. The important point to be noted is that the prewar high
point of 1913 is higher than the war high point of 1918, in the pro-
portion of 67 to 53. That is to say, the tendency to rising rates
which war conditions brought about either was opposed by more
effective safety measures or was intrinsically less than that existing
in the prewar period. It may fairly be urged that the explanation
is to be found to a considerable degree in the improved construction of
the new buildings and machinery which were installed in response
to the war demand and in the active efforts put forth in training
and introducing the new men who had to be employed.

A considerable number of industrial concerns took the position
that the demands of war production were so imperative that they
were perfectly justified in relaxing attention to safety measures of
all sorts. The result is reflected in the increased accident occurrence
registered by many agencies. Whether or not this increase brought
the rates generally above the prewar standard is a matter which
can not be determined with certainty. It is to the great and lasting
credit of the iron and steel industry that it did meet the situation
directly and endeavored to combat the inevitable tendency by
increased efforts. The outcome of these various efforts was first
to check the rising accident rates and finally to bring them down
to points lower than the prewar level.

It is now pertinent to examine the contradiction noted above
between the indications afforded by the frequency rates and severity
rates for the years ending in the months of 1918. 1In this portion
of the charts, frequency rates both for disabling and nondisabling
accidents show a tenden¢y to decline while severity is rising. This
condition is of interest from several standpoints. It has often been
noted that frequency and severity rates give these opposite indica-
tions; indeed, this fact was the moving reason for working out the
system of severity rates. It is not o?ten, however, that the con-
tradiction is as pronounced and long continued as in this case.
It is clear that the efforts of one sort and another which kept severity
below the rate of 1913 and produced a marked decline of frequency
after 1916 were after all not so well adapted to meet the severity
problem as they were to deal with the problem of minor injury.
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280 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Severity, .it is true, did decline for a time concurrently with fre-
quency but it then took a turn in the opposite direction, which con-
tinued until the close of the calendar year 1918. From that point
the curve again concurs with those of frequency. The extent to
which minor injury was eontrolled in 1918 and the failure equally
well to control the severer forms are strikingly brought out by
contrasting the years 1915 and 1918, as is done in Table 90.

TaBLE 90.—~ACCIDENT FREQUENCY AND SEVERITY RATES FOR A GROUP OF MILLS IN
THE IRON AND STEEL INDUSTRY, 1915 AND 1918, BY MONTHS.

Frequenc : Frequency ;
rates (p or Se(v eggy ﬁaggg rates (per Se(v e’g? ‘l's‘ot&s)
111’009’000 h%urs’ ex- i’OOQ’OOO hlc))urs’ ex-
Month, posare). | Dosure). Month. postze). | posure).
1915 1018 1915 1918 1915 1918 1915 1918

45.7 1.4 4.5 || August._........ 61.5 41.6 4.2 5.3
37.8 3.6 5.6 || September....... 62.1 35.7 4.0 3.4
4.6 2.6 5.6 || October..... 63.9 32.5 3.0 1.9
41.5 2.8 4.1 || November....... 87.3 316 4.5 5.0
43.5 .6 3.9 {| December....... 57.8 3L.5 3.6 4.0
a0 43| 39 ;
40.5 1.2 3.1 Total........ 53.2 38.8 3.0 4.1

Inspection of this table will disclose that 9 of the 12 months of
1915 have higher frequency rates than the same months of 1918. On
the contrary 1918 shows higher severity in 9 of the 12 months.
Evidently the conditions of the two years were in some way distinctly
different. Superficially the differences appear to be that 1915 was a
year of rapid changes in the working force and that 1918 was one of
relative stability of the workers but of intense industrial activity.
In the first condition it is clear that all accident rates tend to rise
rapidly. It is the uniform experience that whenever the accession
of inexperienced men is increasing the accident rates tend strongly to
go up and will do so unless very rigorous measures are taken in
opposition.

A reasonable explanation of the rising severity of the years ending
in 1918 is much less easy. The greater industrial activity of that
year must have had its influence, but knowledge of the plants does
not seem to justify placing any great stress upon that factor. The
operations of such mills as are here grouped are necessarily of a rather
leisurely character and can not in the nature of the case be hurried
sufficiently to increase greatly the hazard of the individual man.’

It has ls),een suggested that the “flu” epidemic may have so in-
fluenced the physical condition of the men t}ilat they were more liable
to accidental injury. This can scarcely be given great weight since,
though the severity rate for the months when flu was most prevalent
is higgher than the average, it is not higher than-that for several other
groups of months in which there was no flu complication.

It would appear that this is another case where the operators of the
mills were lec{) nto a mistaken sense of security by the steadily falling
frequency rates and so did not maintain full and rigorous attention
to the causes of more severe injury. At all events, it may be said
that without constant attention to the severity rate it is impossible
to have an accurate idea of the conditions which must be met.

The rates which form the basis of the foregoing charts and discus-
sion are given in Tables 91 and 92.
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ACCIDENT RATES AND THE WAR. 281

TaBLE 91,—ACCIDENT FREQUENCY AND SEVERITY RATES FOR A GROUP OF MILLS IN
THE IRON AND STEEL INDUSTRY, 1914 TO 1919, BY MONTHS.

Month. 1914 1915 1916 1917 1918 1919

Frequency rates for nondisabling accidents (per 1,000,000
hours’ exposure).

203 164 293 306 189 175
190 178 268 265 186 171
229 252 300 254 2 182
228 281 329 272 223 178
239 309 404 303 276 186
270 327 381 332 281 220
267 349 404 317 238 230
263 360 418 311 269 141
234 358 377 254 221 157
199 317 341 244 211 302
165 281 315 223 177 234
167 279 285 185 173 215
222 292 343 272 223 203

Frequency rates for disabling accidents (per 1,000,000
hours’ exposure).

January.... 59.0 32,4 66. 4 63.8 45.7 37.9
February. . 57.7 33.3 62.0 54.9 37.8 36.5
March..... 61.3 39.7 67.2 56.3 44.6 38.1
April.... 54.5 4.1 62.1 52.9 41.5 38.0
3Y..... 54.9 53.3 56 5 51.7 43.5 37.0
June..... 53.0 59.3 67.0 50.8 41.0 38.5
July..... 55. 6 62.7 81.7 54.6 40.5 39.0
August.... 5L1 615 84.7 55.5 41.6 37.9
September. 44. 4 62.1 69.7 46.5 35.7 35.2
October. ... 34.9 63.9 66, 7 49.6 32.5 36.2
November. . 29,4 57.3 63.1 46.6 3.6 37.3
December......cooiviiiiiiiiiiiiiiians 37.5 57.8 55.8 35.6 3.5 39.9
Totaleenemineiniiiiiiiiiiiinianans 50.0 53.2 66.9 51.5 38.8 31.7

Severity rates for disabling accidents (per 1,000 hours’

exposure).
7.5 1.4 3.9 5.3 4.5 3.5
3.4 3.6 4.6 3.2 5.6 3.5
4.6 2.6 4.5 3.1 5.6 2.2
5.9 2.8 3.9 3.2 4.1 2.7
2.7 .6 2.5 2.1 3.9 3.4
2.0 4.3 3.7 3.5 3.9 1.2
2.0 1.2 2.7 5.5 3.1 6.0
3.5 4.2 6.5 2.2 5.3 1.7
3.7 4.0 2.4 3.5 3.4 4.0
4.0 3.0 2.5 2.6 L9 4.3
3.0 4.5 6.6 4.4 5.0 2.0
2.9 3.6 4.5 L5 4.0 4.1
3.8 3.0 4.0 3.3 4.1 3.2
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282 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 92.—ACCIDENT FREQUENCY AND SEVERITY RATES FOR A GROUP OF MILLS
ﬁ\fogl,r{g IRON AND STEEL INDUSTRY, 1914 TO 1919, BY YEARS ENDING WITH EACH
NTH.

Year ending with— 1914 1915 1916 1917 1918 1919

Frequency rates for nondisabling accidents (per 1,000,000
hours’ exposure).

January... ... e eee 219 299 344 263 221

February . . covoiiiiei e 218 307 343 256 219
March. . ..o 220 310 339 255 215
April. e 225 314 334 251 211

G IR 231 322 326 248 205
June. i 237 327 322 243 201

Jaly e 245 332 315 236 200
AUGUSE. oot 255 337 306 233 195
September..... .ottt 287 339 296 230 189
[£1570) 1. P PN 277 341 288 227 195
November.......cooiiiiniiiiiiiiiiniiidoannan.n 285 343 280 223 196
Deocember. ......covviiiiiiiiiiiiii 222 292 343 272 223 200

Frequency rates for disabling accidents (per 1,000,000
hours’ exposure).

47.8 55.8 66.7 50.0 38.2

45.6 58.0 66.1 48.6 38.0

43.7 60.1 65.2 47.7 37.8

42.7 61.4 63.7 46.8 37.3

42.7 61.5 63.9 46.1 36.7

43.4 62.2 62.5 45.2 36.5

44.2 63.8 60.3 44.0 36.3

45.4 65.8 58.0 42.8 38.0

47.1 66.4 56.1 41.8 35.9

. 49.6 66.7 54.6 40.3 36.3
.. 51.7 67.2 53.2 39.1 36.7
50.0 53.2 66.9 51.5 38.8 31.5

Severity rates for disabling accidents (per 1,000 hours’

exposurs).
LT 010 5 o R PRSP 3.3 3.2 4.1 3.3 4.1
February. .o coeeeiaii e e 3.3 3.3 4.0 3.5 39
March . oooiei i 3.1 3.5 3.9 3.7 3.6
% £ | N O 2.9 3.0 3.8 3.7 3.5
B RN PN 2.7 3.7 3.8 3.9 3.5
BT T NP PO 2.9 3.7 3.8 3.9 3.3
LY PN S 2.8 3.8 4.0 3.7 3.5
AUBUSE . e i 2.9 4.0 3.7 4.0 3.2
September. ... iiieet e 2.9 3.8 3.8 4.0 3.2
L6 270) 7 PPN PPN 2.8 3.8 3.7 3.9 3.4
E A5 151+ 1) oA SRS PR 3.0 3.9 3.6 3.9 3.2
December....c.cooveiiiiiiiiiiiiiiiiiiian 3.8 3.5 4.0 3.3 4.1 3.2

DEPARTMENTS OF THE INDUSTRY MANUFACTURING VARIOUS
PRODUCTS.

The foregoing discussion illustrates the trend of accident rates in
the basic departments of the industry. It will be of interest to
determine whether the same forces were at work in other departments
and to what extent the results were the same.

The plants for which it is possible to follow the details of war-time
experience employed during the 7 years which are covered a number
of men varying from 110,000 to 186,000. The groups forming this
total, which will be analyzed in seeking to determine the war-time ex-
perience in manufacturing various Eroducts, are sufficiently large to
afford reasonable confidence that they represent typical conditions.

Chart 56 exhibits the trend of employment and of accident fre-
quency rates in the entire group of plants from the year ending

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



ACCIDENT RATES AND THE WAR. 283

December, 1913, to that ending December, 1919. The year 1913, as
before noted, was one of hi %1 industrial activity. Both in that

articular and in the matter of accident rates the year formed a peak
in the curves. Following 1913 employment declined to the year
ending May, 1915, and .accident rates to the year ending July, 1915.
Employment was increasing from that year until that ending No-
vember, 1917. A decline then began which was still in progress in
the year ending December, 1919. Accident frequency increased from
the year ending July, 1915, to the year ending September, 1916,
and then while employment was still rising began to decline and con-

CHART 56.—TREND OF FREQUENCY RATES AND OF EMPLOYMENT IN THE IRON
AND S8TEEL INDUSTRY, 1913 TO 1919.
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tinued so to do to the year ending December, 1919. It will be seen
that this was in substantial agreement with what happened in the
smaller group already considered.

The component parts of this total are presented in Chart 57. It
presents two groups of mills which produce miscellaneous steel
products and one group each of mills producing sheets and tin plate,
wire products, tubes, and fabricated products.

Five of the six show a declining accident frequency to a year ending
in some month about the middle of 1915. The sheet milis are
unique among these production groups in that they show a declining

accident frequency with only minor irregularities from the year
*®
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284 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

ending December, 1913, to the year ending December, 1919. The
other five groups have a rising frequency rate from a year ending
near the middle of 1915 to a year ending with some month in 1916,
varying from March to December. From that point there is a
continuous, though not perfectly regular, decline to the year ending

CHART 57.—~TREND OF FREQUENCY RATES IN THE MANUFACTURE OF SPECIFIED
PRODUCTS, 1913 TO 1919.
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December, 1919, except in one case. One of the two groups which

produce miscellaneous steel products has a second low point in the

year ending February, 1918, from which a rise occurs until the year

grrlding January, 1919. The second peak is slightly higher than the
st.

It is evident that in all essential particulars the experience of these
diverse production groups is the same as that of the fundamental
departments. .

}{‘he rates on which the charts are founded are presented in Table 93.
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ACCIDENT RATES AND THE WAR. 285

TABLE 93.—~FREQUENCY RATES (PER 1,000,000 HOURS’ EXPOSURE) FOR MILLS MAKING
SPECIFIED PRODUCTS, DECEMBER, 1913, TO DECEMBER, 1912, BY YEARS ENDING
WITH EACH MONTH.

Miscellaneous steel
Fabri- Wire products.
Year i ith— .
ear ending with: o fggﬁgt& Sheets. products. Tubes. Total.
Group A. | Group B.

December, 1913............. 100.3 61.6 59.3 27.2 70.9 41.3 60.3
January,1914............... 96.2 59.9 56.5 25.6 70.1 39.4 58,7
February, 1914. 92.2 58.9 54.7 24.0 69.3 38.5 57.3
Margh, 1914.. 87.9 57.7 53.1 22.5 68.6 38.9 56.1
April, 1914. 56,6 53.1 21.2 67.3 5. 54.7

ay, 1914 78.7 55.0 52.5 20.1 65.5 34.2 .
June, 1914 . 75.5 53.7 5L.0 19.1 62.8 33.3 51.6
July, 1914... 7.9 52.4 49.6 17.3 60.6 30.4 49.9
August, 1914............. .. 66. 7 49.4 48.9 16.0 57.8 3.0 47.9
September, 1914 . 63.2 47.4 48.0 15.0 55.7 29.4 46.3
October, 1914.. .. 61.6 47.2 46. 8 13.9 53.5 28.4 45.0
November, 1914.. 59.5 47.3 46.7 13.2 51.8 27.4 44.0
December, 1914.........._.. 59.0 47.2 46.2 12.5 50.7 27.8 43.5
January, 1915............... 57.0 46.9 45,4 11.8 48.4 26.9 42.4
February, 1915.............. 55.1 46.6 45.4 111 45.4 27.7 41.0
Marph, 1915, 0c e iiies 55.0 45,1 43.7 10.2 43.5 27.1 39.3
April, 1915.. ... ... ... 53.3 44.7 43.2 9.3 42.3 26. 4 39.1

8y, 1915.00 ool 53.3 43,0 43.3 9.0 42.1 25.1 38.3
June, 1915. . ... ... ....... 51.2 41.8 44.3 8.7 42.7 23.3 38.0
July, 1915, 00 ceeeninnnan.s 49.3 40,0 45.1 8.8 43.5 21.8 .6
August, 1915.. .. ... ... ... 50.9 39.0 46.2 9.6 45.0 20.1 38.1
September, 1915. . .._._..... 52.2 .5 49.9 10.0 46. 8 20.4 39.5
October, 1915 51.8 8. 0 51.4 10.5 48.5 21.0 40.3
November, 1915, 53.0 38.1 51.5 10.7 22.1 40.9
December, 1915 53.5 37.3 52.4 10.8 51.9 23.0 41.5
January, 1916. . . 53.4 37.0 52.6 11.1 54.7 24.5 42. 4
February, 1916. R 53.3 37.0 52.8 1.3 57.5 25. 4 43.3
March, 1916.0.......cooo.. .. 52,8 37.3 53.3 11.6 59, 25.3 43.9
April, 1916, ...l 52.7 37.1 52.9 12.1 61,2 25.4 44.2

8Y,1916. .0 it 53.9 36.8 52.9 12.2 62.0 26.1 4.6
June, 1916. . ................ 54.5 36.5 52,2 12,2 62.7 27.0 4.7
July,1916... ool 54.1 36.6 51.5 12.4 64.3 21.5 45.1
August, 1916..._ ... ... 54.7 36.1 51.1 12.3 66.0 28.5 45.4
September,1916............ 53.5 35.7 49.7 12.2 66.7 28.7 45.2
October, 1916 .. ............ 53.4 35.2 48.9 12.2 67.6 29.0 45.0
November, 1916............. 52.4 34.9 49.3 12.1 67.9 28.7 4.9
December,1916............. 52.1 34.0 48.2 12.4 67.6 28.2 4.4
January,1917............... 52,9 34.1 47.1 12,0 67.2 27.4 43.9
February, 1917.......... ... 53.1 33.6 46. 4 12.1 66.5 26.6 43. 4
March, 1917 54.0 .1 45.5 11.9 65.5 26.2 42.8
April, 1917, 54,3 32.3 45.0 11.6 64.6 25.8 42,2

ay, 1917... 54,0 32.2 44.2 11.5 63. 6 25.3 41.6
June, 1917.. 53.3 32.3 42.6 11.5 62,2 24,5 40.5
July, 1917... 53.1 33.6 41.0 11.1 60. 2 23.5 39.4
August, 1917 52.7 34.9 39.5 10.7 57.9 22.5 38.3
September, 1917 52.7 34.2 37.2 10.6 55.8 21.5 37.0
October, 1917 52.5 34.2 36.0 10. 4 54,2 21.0 36.2
November, 1917.... 53.2 33.8 33.9 10.3 52.9 20.6 35.3
December, 1917... ... 51.3 33.9 32.5 10.2 51.3 20.5 34.5
January, 1918. ......... 49.1 32.0 31.6 10.3 49.9 20.1 33.6
February, 1918......... 48.7 33.1 30.7 10.0 48.6 20.0 32.9
March, 1918., . ......... 47.4 32.7 29.1 10.0 47.6 20.8 32.3
April, 1918. 46. 9 32.7 27.6 10.0 46. 7 21.6 319

ay, 1918.. . 46.3 32.3 . 10.0 46.0 22.7 3L.8
June, 1918. ... ._._...._ R 45.7 31.3 . 9.9 45.2 24.3 311
July, 1918... ........... R 45.1 29. 4 23.4 10.0 4.5 25.9 30.7
Auvguost, 1918..._....... 42.6 27.5 22.1 9.9 44.0 28.3 30.2
September, 1918 ... .. i 40.8 27.4 21.2 9.8 43.5 29,2 29,9
October, 1918........ R 40.0 26. 5 19.9 9.6 42,6 29.9 29.2
November, 1918...... 37.8 24.9 9.0 9.5 41,7 30.7 28.9
December, 1918...... 38.2 25.9 18.8 9.1 42.0 31.4 28.8
January, 1919........ 38.5 26.1 18.2 9.1 ~ 41.9 32.1 28.9
February, 1919....... 37.3 26.1 17.4 9.2 41.8 3L.5 28.6
March, 1919.......... 36.8 25.7 17.0 9.2 41. 5 3.2 28.3
April, 1919........... 35.8 25.6 16.2 9.1 41. 5 30.7 28.1

ay, 1919.... 34.4 24.9 15.7 9.0 41.1 29.9 27.6
June, 1919. 33.6 24. 4 15. 4 8.7 40. 7 28.4 27.1
July, 1919.. 32.7 24.2 14.7 8.8 40.0 27.6 26.7
August, 1919... 32.3 24.7 14.2 8.5 39.2 25.5 26.2
September, 191 33.3 24.8 13.5 8.6 38.8 24.7 25.9
October, 1919._.. 33.3 25.1 13.1 8.7 38.7 24,5 25.9
November, 1919. .. . 32.6 25.5 12.9 8.8 39.2 23.7 26.0
December, 1919, ccuaenann. . 32,8 23.8 12.5 9.1 39.7 23.0 26.1
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286 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 93.—FREGQUENCY RATES (PER 1,000,000 HOURS' EXPOSURE)FOR MILLS MAKING
SPECIFIED, PRODUCTS, DECEMBER, 1913, TO DECEMBER, 1919, BY YEARS ENDING
WITH EACH MONTH—Conciuded.

NUMBER OF WORKERS.

Miscellaneous steel

Fabri- Wire products.
Year ending with— ca&;ed Sheets. products Tubes. Total.
products. .

Group A. { Group B.

Fune, 1914................. 8,817 | 16,8411 25,575 19,044 41,744 18,922 | 137,816
June, 1915 . 66| 1579 22,434 13,320 35, 670 13,477 | 111,764
June, 1916 8,276 " 31,377 21,031 45,673 23,000 | 160, 819
June, 1917 S| 10,110] 25,504 | 32,928 24,880 49,803 27,046 | 182,587
June, 1918 | 10,349| 25,930 | 30,393 23,787 ) 28,280 | 180, 204
June,1919...0.000 Tl 9,904 | 22,685 | 29,324 23,871 50, 652 26,906 | 176,867

FLUCTUATION IN RATES FOR CAUSES.

It has been shown that certain very definite characteristics can be
traced in the curves which represent the trend of accident rates over
the war period. It is possible to examine the situation from another
point of view. If the rates for the various causes be determined it
will be possible to observe whether the indications from the groupings
already presented are repeated in the various cause groups.

Table 94 shows the main cause groups.

TABLE 94.—ACCIDENT FREQUENCY RATES (PER 1,000,000 HOURS’ EXPOSURE) IN THE
IRON AND STEEL INDUSTRY, BY ACCIDENT CAUSES.

Accident cause. 1913 | 1914 | 1915 | 1916 | 1917 | 1618 | 1919
MAChNerY. e oo sneeaetatiit it 731 50| 491 541 45} 40/ 33
Working machines......... ...l 3.81 27| 26 2.6 20| L8 1.4
Canghtin.. 25| 1.8¢ L7 L7| L2} L1 .9
Breakage... .1 .1 .1 .1 .1 .1 .1
Moving mats 1.2 .8 .8 .8 .7 .6 .4
Cranes...cco..eeaeoe.. 3.5 23| 2.3| 28] 25| 22 1.9
Overhead. ... 281 L9 20| 25| 22| 1.9 L6
Locomotive. . .3 .2 .2 2 2 .2 .2
.. Otherhoisting .......... ... ... ... ... .4 .2 .1 .1 .1 .1 .1
Vohieles ..o i 23| L9 L6 17| L7]| 1.3 1.2
Hot substances....oooooioiiiiiiin i, 54| 86| 37! 45| 3.6/| 3.0 2.8
Electricity oooeeoini i .5 .4 .2 .4 .3 .3 .2
Hot metal ........ e e eimeeeie e 3.6 211 2.3 3.0 2.5{ 2.1 2.0
Hot water,steam, ete. .. ... .. ... .............. . w3 L1 L2| 11 .8 .6 .6
Falls Of PerSOmS. . oo vttt 45| 41| 3.5 37| 32} 2.8 2.8
Fromladders. ... ..o .. .. i .3 .1 .1 .1 .1 .2 .1
Fromseaffodds. .. .......o .. oo .2 .2 .2 .2 .3 .2 .2
Into opemings. .. ... ... ooiiiiiiiiiiiiiaaaane. .2 .1 .1 .3 .2 .1 .1
Due toinsecure footing . .... ... ...coocoieoiiioiian. 3.8 37( 31} 81} 26| 2.3{ 2.3
Talling material, not otherwise specified..........c......... L2 .70 7! .6 .4] .3 .4
Handling objects and tools.............. .| 26.7]19.4]20.6|21,5{15.7)12.8] 11.7
Objects dropped in handling. ... ...... A2 7.3) 7.6 84 6.1} 55 5.0
Caught between objeet handled and oth 3.4| 26f 26| 3.1 2.1} L7 1.7
T!‘u(_zks and barrows 1.9 LO} L4 1.4} 1.2 .9 W
Lifting or pulling. 25| 23| 2.5) 25| 2.0 1.4 1.4
Objects flying from 2] L2 .1 .1 .1 .1 -1
Sliversand edges. ... 3.8 341 3.8 3.1 2.2) 1.5 1.3
C Usingtools. .. . ... . 3.7] 26| 2.6| 2.9{ 2.0} 1,7 1.4
Mlscx].lalx}eous .......................... 12. g 8.28’ 6. ? 7. (1) 5 % 4.6 4.;

sphyxiating gas.............. . . . . . .1 .
Flying obiectsgnot striking eye 81 .61 61 .51 .41 .5 -3
Flying objects striking eye........ocoeeeevneennnnn 291 2.1 L7 L9 1.6 1.8 L3
Heat cramps, etc o9 .81 L4y 4 .1 .2 .1
Other CALSES . - e ceeeeaneanerereeeanaaaaannrenaanaaean 80| 51| 3.7 41| 3.2 22| 23
B o] 7t DS 60.3 | 43.5 | 41.5 ) 44.4 | 34.5( 28.8| 28.3
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ACCIDENT RATES AND THE WAR. 287

It will be found that in practically all the cause groups there is a
decrease after 1913 througﬁ the years 1914 and 1915, followed by
increase to a peak in 1916, followed by another decrease. The han-
dling of objects and tools Tﬁroduces more accidents than any other
single group of causes. e rates per 1,000,000 hours’ exposure for
each year, beginning with 1913, are 26.7, 19.4, 20.6, 21.5, 15.7,
12.8, and 11.7. Inspection of this series discloses the characteristic
high point in 1916.

t 1s possible to recapitulate and summarize the facts of the war
period and the explanations which may be offered of the course of
events. It may be noted that—

1. Whatever form of classification is used (the fundamental de-
pﬁrtments, production groups, or cause groups) the same trend is
shown. ,

2. The period just prior to the war was a {)eriod of industrial
decline. Employment went down. ‘‘Labor mobility” almost ceased.
Accident rates dropped more rapidly than employment.

3. As soon as the effect of European war orders %egan to be felt in
this country, employment began to increase. The accession of
inexperienced men increased even more rapidly. Accident rates
went up.

4. The iron and steel industry was alarmed by the increasing acci-
dent occurrence and undertook a strenuous counter campaign.

5. This was very successful in controlling, and in finally causing a
decline in, minor injury.

6. Major injury was not controlled as perfectly but was prevented
from rising above the level of 1913 and was finally considerably
reduced.

This review of the war period strongly supports the contention
that even in the most strenuous times it is possible to hold in check
the tendency to rising accident rates by the application of the three
cardinal methods of the safety movement: (1) Adequate instruction
of the men in skillftl methods of work; (2) Careful supervision of the
well instructed man; (3) “Engineering revision,” by which the
safety of work places is increased.
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CHAPTER XI.—STATISTICAL METHODS FOR THE SAFETY MAN.

It has been urged that the chapter in Bulletin No. 234 entitled
“Methods for the Safety Man’’ should be expanded into a general
exposition of safety methods. The literature on safety has now
become so extensive that volumes would be required to contain
all that can properly be said on the subject. This literature is so
easily availabrl)e to the safety man that it does not seem desirable in
this report to go outside of its specific field in order to present the
general subject of safety methods. It has accordingly been deter-
mined that the present chapter will adhere even more closely than
that in Bulletin %To. 234 to a statement of those statistical methods
which, having been tried in connection with the bureau’s study of
the accident problem, have been found to be useful.

It is believed that it will be of interest and may afford some prac-
tical suggestions to outline the procedure of the bureau in the hand-
lin'% of the material on which it bases its discussions.

he specially significant items of the reports of the bureau are the
rates of various sorts. These are essentially ratios between the num-
ber of hours of exposure to hazard, used as a base, and the number of
occurrences, such as accidents, accessions to or dismissals from service
ete., which happened in the conduct of the concerns under considera-
tion.

As a basis for the calculation of such rates, two items of information
are necessary: 1. A record of ““man hours,” classified in accordance
with the departments of the plant and where possible by occupations,
age groups, and other subdivisions of the worki ? force which it may
be desired to study; 2. Accurate statements, for specified periods,
of the occurrences whose relation to the working force it is desired
to determine.! The reports from the plants which are included in
the bureau’s studies, giving ‘“man hours” or other information from
which “man hours’’ may be determined, are received annually upon
the form shown.

REPORT OF EMPLOYMENT.

If total hours are not available
report as below.
Total hours
worked by all
men as shown

Department.
P Average | Daysde Usual

by time books. partment | length of
elllllmf:)bzg was in day or
ployed. | speration. |  turn.

1 A full exposition of the method of preparing such rates is to be found in Chapter II1.
288
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STATISTICAL METHODS FOR THE SAFETY MAN. 289

The accident records are received either in classified and tabulated
form as shown in the following form, or the records of the individual
cases of personal injury are transmitted.

SCHEDULE OF DISABLING ACCIDENTS (RESULTING IN DEATH, PERMANENT DIS-
ABILITY, OR TEMPORARY DISABILITY BEYOND DAY OF INJURY) OCCURRING
DURING THE YEAR ENDING DECEMBER 31, 192

Name of COmMPANY - .o .cceuacniearaaaaracaanaenneacnn 3 Nameofplant c.o.o.veiminrinainrereneaenenannn
Accidents resulting in permanent disability.e Accidents resulting
in temporary dis-
ability terminating
Total. Partial.2 n—
g
B
3 . . 2
EEE S
Department &b| 50| 80| 50) (8
of plant. S\815(8 3|28
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a Cases of plural injuries which might be entered in more than one of these classes should be entered but
once under what 1s regarded as the more severe injury. An injury included among permanent injuries
should not beplaced also among temgorary disabilities. Amputation between the knee and the ankle or
between the elbow and wrist is considered as the loss of a foot or a hand, at or above the knee or elbow as
the loss of a le%or an arm.

b Loss of a phalanx, permanent malformation, or permanent stiffness of a joint is regarded as equivalent
to the loss of the member.

If the individual cases are reported, it is done either in the form of
a duplicate of some record prepared by the plant for its own use or
the items are transcribed upon a special card furnished by the bureau.
In order to indicate the method of using this card, it is here presented
completely filled out.

RECORD OF ACCIDENT.

Establishment No. 69. Date, 5/4/15. Hour, § g Age, 38, Sex, M. Married, Yes.

Dependents, how man%a 3. Speak English? Yes. Race, Slav. Dept. Adzle works.

Occupation, Laborer. orked for company how long? 6 years.

Had the injured worked in the industry elsewhere? 11 s0, how long? .

Machine, tool, appliance, object, or condition in connection with which accident occurred? Crane.

Describe in full how the accident happened: Hooking lift of plate. [Itlowered on his foot. .

‘What part of the body was injured? Fool. Was the injury an abrasion, bruise, cut, laceration, puncture,
burn, d, concussion, dislocation, fracture, sprain, strain, dismemberment by the accident, nervous
shock, or other? Contusion. Did the injury become infected? No.

Results of injury: DEATH? No. PERMANENT DISABILITY? No. If so, state nature. .
TEMPORARY DISABILITY? Yes. Dayslost, 70.

SPACES RESERVED FOR CODES.

Serial No. 16014. Dept., 28, Year, 15. Month, §. Day of week, 3. Hour, 12.
Age, 38. Sex, 1. Conj. cond., I.  Depend., 03. English, 1. Race, 2.
‘Experience, ¥10. Occ., 098. Cause, 1. Cause anal., 082, Part, 0. Mode, 0.
Location, 61. Nature, 02. Result, 3. Per, dis., 00. Temp. dis., 12. Time, 0070,

It will be noticed that the upper part of this card record contains
spaces in which such items as the date, the hour, the age, sex, cause of
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290 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

injury etc., may be entered. On the lower part of the form are spaces
m which code numbers are to be entered. The eodes which have been
used recently by the bureau are as follows:

CODES FOR TABULATION OF ACCIDENT DATA.

SERIAL NUMBER. RESULTS. RACE,
i Code Code
B. L. 8. filing number. No. No.,
MONTH. Death....coiiviiiniennnnnna. 1 | American (white)............ 01
Permanent disability . . 2] Austrian........ . ..., . 02
Recorded number. Temporary disability........ 3 gellglan ...................... 8i
ulgar..........ooii. .
YEAR. Dane...coviveiiiiannnann. .. . 05
Terminal digits. English. ... ... 06
ENGLISH SPEAKING. Finn..........ooooooi. 07
DAY OF WEEK. French 03
Yes 1
1to7. 2
Unknown 9
HOVR.
DEPARTMENTS.
Blast furnaces........c.oc... 01
Bessemer....... 02
Open hearths. 223
Duplex....... 0
Crucible 05
Electric. ... 06
Foundries. . o7
Bar mills 09
Heavy 10
Platemills....... 11
Puddlin i 13
. Rod mills........ 13
AGE. Sheet mills. .... %?,
Recorded age. Ameri
1 merican (Negro)........... 31
VUnknown... 1? Unelassified................ 98
18 | Unknown................... 9
19 -
%0 EXPERIENCE.
1
22 | 1weekandunder....._...... 1
23 | Over 1 and not over 2 weeks. 2
24 | Over 2and not over 3 weeks. 3
25 | Over 3 weeks and not ever
26 month.....................
27 | Overtand notover3months. 5
. gg 8ver 3;; and noﬂ; ovet;lG motnvths . 6
1 13 1- SRR ver 6 months and not over
o+ Notiar 30 | OverLand nok over 3yeais 8
ails. .. ver 1 and not over 2 years. .
DEPENDENTS. Hot mills... 32 | Over 2and notover 5 gears. .9
Recorded number. Cold rolling 33 | Over 5 and nof over 10 years. *10
None... ... ...ooiiiiiiiininns 00 | Unelassified. 98 | Over 10 years 8 |
UNKNOWD . e v evaraeeaaaans 99 | Unknown..eeserereneeannnn. 99 | Unknown.... . *12

PERMANENT DISABILITY—TIME EQUIVALENTS.

For N For .
. For Equiv- For | 3. Equiv-
Part of body. disa- Part of body. disa-
ody  Joss. |15 | alent, 4 loss. | i | alent.
Code | Code
No. | No,
6000 || Thumb and 4 fingers......... 18 42 2400
6000 | 1st finger...._ ........ . 19 43 0300
6000 || 2d finger........... - 20 44 0300
6000 || 3d finger.........o..ie.iiel. 21 45 0360
6000 || 4th finger.................... 22 46 0300
...... 6000 | Any 2fingers.................} 23 47 0750
...... 6000 || Any 3fingers.c......c........l 24 48 1200
...... 6000 || Any 4fingers........occaenn.. 25 49 1800
35 4000 [| Leg..coueuenneninennnennannan 26 50 4000
36 1800 [ FOOb. .eeemnreanraanaann-n 27 51 2400
37 3000 || Great t0€..c.ccuveemaeneenns 28 52 0300
38 0600 1| Any Ztoes...c.cooieinaa... 53 0300
Thumb and 1 finger.......... 15 39 1200 {| Nonpermanent........ ...... 00 ... ool
Thumb and 2 fingers. . 16 40 1500 |} Unknown...c.ouveeennenunnnnn 99 et
Thumb and 3 fingers......... 17 41 2000
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STATISTICAL METHODS

TEMPORARY DISABILITY.

FOR THE SAFETY MAN.

Code
No.
1 da; 571063 daYS.eeasesceiiacsnscnnncancnes ceeneiae 11
2 days.... 64 to 70 days........ 12
3 to 7 days.. 71 to 77 days........ 13
8t 78to 84 days....... 14
15 85 to 91 days.... 15
22 92 to 365 days. . 16
29 Over 365 days. . 17
36 Nontemporary. .. 00
43 UnNKDOWIL. seenunrnenennnnnnmuienunrncecnennen 99
50
OCCUPATIONS IN THE IRON AND STEEL INDUSTRY.
Code Code Code
No. No. No.
Assemblers.................. 001 | FinisherS.eeeuiesesenenanann.. 072 | Presshands..eeiieeceennn.... 142
Axle cutters. .. . 002 | Firemen......... . 073 | Puddlers..... 143
Axte finishers.. . 003 | Fitters............... . 074 | Pullers out... 144
Axle makers... . 004 | Foremen............. . 075 | Pump men. . 145
Axle turners. .. . 005 | Furnacemen........ . 076 | Punchers............ . 146
Ballcleaners... . 006 | Gaggers.............. 077 | Pushers............ . 147
Ballers........... . 007 | Gasmakers........ . 078 | Rammers........ . 148
Barbed-wire operators. . 008 | Gas washers. 079 | Reamers... . 149
Barand clay men. 009 080 | Regulator: . 150
Barpullers.... . 081 | Reelers.. . 151
Bellers. . 082 | Repairme . 152
Hammermen . 083 | Riggers...._..... . 153
ﬁndy men.. . 084 | Riveters......... . 154
aters............ . 085 | Rollengineers... 155
Blacksmiths._............... 015 { Hookers........... . 086 | Rollers........... 156
Bloom runners. . 016 | Hook runners...... . 087 | Rollersoff......... 157
Blowers......... . 017 | Hookups............ . 088 | Rollhands....... 158
Boiler cleaners... . 018 | Horseshoe operators. . 089 | Roughers........ . 159
Boiler makers. .. . 019 | Hotbed men. ..... . 090 | Rumblers........ 160
Bolters.......... . 020 | Ingot car operators . 091 | Runnermen..... 161
Bottom fillers...... . 021 | Ingotstripper...... . 092 | Samplers...... 162
Bottom house men . 022 | Inspectors....... . 093 | Sand blasters. . 163
Bottom makers. . . 023 | Iron breakers. ... . 094 | Sawmen.......... 164
Brakemen. . ... . 024 { Iron handlers.... . 095 | Scalecar operators. 165
Bricklayers.. . 025 | Keepers.......... . 096 | Scalemen.......... 166
Bucklers..... . 026 | Knobblers....... . 097 | Secrap men... 167
Buck ups.. . 027 | Laborers..... . 098 | Serew downs. . 168
Bundlers. . . 028 | Ladleliners.. . 099 ; Shaker men.. . 169
Bushelers. ... . 029 | Ladlemen....... . 100 | Shearmen......... . 170
Cabinet makers. . . 030 | Lamp trimmers.. . 101 | Sheet-iron workers. . 171
Cable makers. . . 031 { Lathehands..... . 102 | Shippers........... . 172
Cagers........... . 032 | Larrymen..... . 103 | Shovelers.......... . 173
Car dump operators. . 033 | Layersout..... . 104 | Skip hoist operators. . 174
Carpenters......... . 034 | Lever men..... . 105 | Socket bellers...... . 175
Casting cleaners. . 035 | Linedrawers.. . 106 | Socket benders. . 176
Catchers....... . 036 | Linemen....... . 107 | Socket heaters. 177
Calkers.... . 037 | Loaders......._ . 108 | Socketreamers. .. 178
Chargers............ ... 038 | Loom operators.. . 109 | Socket tappers. .. 179
Charging car operators....... 039 | Machinists..... . 110 | Squeezer men.. .. 180
Charging crane operators..... 040 | Machine hands . 111 | Stampers...... .. 181
o307 4 041 | Manipulators. . - 112 | Steel pourers... .. 182
Cinder men 042 | Markers...._... . 113 | Stickins..... . 183
Cinder snapp 043 | Matchers....... . 114 | Stockers. .. . 184
Clampers. ... 044 | Melters.......... . 115 | Stopper setter: . 185
Clippers. . . . 045 | Manganese heaters. . 116 | Stove cleaners. . 186
Conveyor me . 048 | Millwrights.... . 117 | Stove tenders.. 187
Core makers. . 047 | Mixer men. . 118 | Straighteners 188
Counters..... . 048 | Motormen. . 119 | Stranders.. 189
Cover operators. . 050 | Mold cappers.... . 120 | Switchmen . 190
Cranehookers........_....... 051 | Mold carcleaners. . . 121 | Tablemen.. 191
Cranemen.................... 052 I . .. Take offs.. - 192
Crossrollers....._._.......... 053 | Nail machine operato Tappers..... 193
Cupola chargers.............. 054 | Oilers......__.... Teamsters. .. . 194
Cupolaliners................. 055 | Openers............ Teemers. .. . 195
Cut-offmen.........ccveeenen 056 | Ore bridge operators. Tinsmiths. 196
Diereamers...ccoeeeeencaenns 057 | Painters..._....... Tong Carriors..eeseneneren... 197
Diesetters. ....oceveeneauun. 058 | Pattern filers.... Tong cleaners. . . 198
Door operators..........cc... 059 | Pattern makers.. Tong men...... . 199
Doublers..........ooovvannnn 060 | Piercers.......... Tong runners. . . 200
Drag Qowns........cocueunnn. 081 | Pig-machine men.. Tong take offs. 201
Dragouts.........c.cooc....e 062 | Pilers.......... Top fillers... .. 202
Pipecarriors. Toppers......... 203
Pipe cutters. Transfer car men 204
Pipe fitters. ... Truckers......... . 205
Pipepatchers.. Turndowns. ... 206
Eleetricians........ooooaonaon Pipetesters.. Tuyeremen..... 207
Erectors......coeeeeeceaennns 068 [ Pitmen... Unloader operators. . . 208
Enginesrs...o.cceeerenaaenaen 069 | Plumbers. . Vesselmen...... 209
Feeders.....ocoeecucveeennn.. 070 | Pointers... Water tenders. ... 210
Fence makers...,.....coec... 071 ) Potfillers.....cuvvevnncennss 141 | Weighers........... P15 §
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OCCUPATIONS IN THE IRON AND STEEL INDUSTRY—Concluded.

Code Code
No. No.
BUrners....c.cccavmmrnceacannn 221 | Standpipemen.............. 230
Rivet heaters.... . 222 | Breezemen. ... .... . 231
‘Wheel rollers. ... . 223 | Luters .............. . 232
‘Wheel turners......... . 224 | Door cleaners....... . 233
Structural-iron workers.._... 225 [ Tarmen............ . 234
Forging-press operators...... 226 | Damper men.. . 235
idmen............... . 227 | Still operators....... . 236
Vatmen........... . 228 | Motor-truck drivers......... 237
Saltmen......coeeeiveniannnn 229

GENERAL CAUSE GROUPFS.

. CAUSE GROUP NoO. 1—MACHINERY—Concluded.
11| Working machines—Concluded. Code I‘; 0'5
112 ¢ PRI 5.
i SheArS.ee.eieaiiii it 056
5 gﬁxtlél Crackers................. ggg
Falls of persons.. 6 OIS .ot
Palling objects........................ 7 Slotters.........c.oonnuienis 059
Objects and tools being handled 8 Stone crushers................. 060
Unclassified . ..o 9 Straighteners.................. 061
OWIL L tmmmmm e 0 TAPPeIS.cuunreeernnnaaiananaan 062
......................... %hrea ?erf o 863
o ransfer tables. 64
CAUSE GROUP NO. 1--MACHINERY. %“}1 b :_gm‘v.ing ll))en b 865
Code No. ire-draging benches 66
Prime movers and power transmission: Welders,glcl ----------- - 067
SEEAIN ENZINES. - oo e st eeeeens Welders, oxyacetylene ........ 068
Internal-combustion engines Power hammers............... 069
Dynamos and motors. Butt welders..._........_..... 070
Compressed-air motors Lap welders................... 071
Water motors. . ..... Forging press.................. 072
Other prime movers. Elevator accidents............... 075
Shafts Crane, caught by chain or hook.. 078
Shaft collars and couplings Crane, car striking person...... 079
Set screws, keys, and bolts Crane, cable catching person.. . 080
Belts and pulleys................. Crane, load swinging.......... 081
Chains and sprockets. Crane, load lowering......... 082
Ropes, cables, ete.... Crane, loadfalling. _............. ... 083
COgS, CAIS, EOATS, 85C. cveemaeeenaeennanan Crane, load falling, broken machinery..... 084
Working machines: Crane, load Iallm%, hitch slipped... ... 085
BenAINg oL, .- oeeeeeee e eaaeaenans 014 Crane, ob;lects falling from crane. ... 086
Bolt and nut machines. 015 Crane, falls from. crane or truck.. ... 087
Boring millSe oo\ neennooonnons 016 Crane, other accidents......... ... 088
Bulldozers. .. .. ... 017 Derricks........ eereeseciiaanans ... 089
undlers. ... 018 Construction hoists and elevators. . ... 090
Charging Cars...........ceeeueenan 019 Blocks and tackles, windlasses, etc ... 091
Charging cranes. . ................ 020 Conveyors. .........oooeiils ... 092
Chipping hammers . .............. 021 Gantry cranes ... - 093
DoOUBIOLS . oo 022 Locomotive cranes. ... 004
Drill presses. ... ......ooeeeeennnn 023 Pumps........... -- 095
Drills, portable electric. .......... 024 Fans and blowers............ ... 096
Drills, portable pneumatie. .. ..... 025 Unclassified ................. - 198
Forging hammers.................. 026 Notreported................oooiile 199
Gearcutters.. ................... 027
Grinding wheels.................. 028 MACHINES—PART OF MACHINE.
Hot and cooling beds. .......... 029
Ingotcars....... 030 ¢ .
Lathes, general 031 Pg}?st of operation.................o.olelL
Jathes, turret ggg Cranks and eccentrics. .
’ 034 || Flywheels................._....
035 P1o;: - A,
________ 036 || Set screws, keys and bolts
Pigbreaker..................... 037 || Counterweights ...............
Pig machine.................... 2038 || Otherparts....................
Planers, metal.................. 040 || Unkmown. ...
Planers, wood ..ol 041 || Nonmachine.....................
Presses,punch................. 042
Presses, stamping............ 043 MACHINES—MODE OF OCCURRENCE.
Pushers..........coooiiiiann 044
ReAMerS.ees . oieeieceanaannn. 045 Code No.
Riveters......coveueeeiinan.. 046 || Adjusting, machine, tool, or work............. 1
Rolls.. ....iiiiiiiiiiaa... 047 || Starting, stopping, or operating.... . 2
Rolltables................... 048 || Cleaningand oiling........... ... ............ 3
Rotaryshears........._...... 049 i| Repairing.............coeeaa. .. e 4
Sand rammers................ 050 || Breaking of machine or tool..... ... &
Saws,band......cccooeo...... 051 [| Objects Aying from machine..... .. 6
Baws, crosscut. .....ooooinan.n, 052 || Other conditions ee T
Saws,metal.................. 053 || Unknown........ e 9
250008 3 | S 054 | Nonmachine..............ooiiiiiiiiiinannn... 0
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. GENERAL CAUSE

CAUSE GROUP NoO. 2—BOILERS AND STEAM PRES-
SURE APPARATUS,

Code No.
Boilers, exXplosions.cs.ceeeeemecaaciiaicinines 200
Boilers,all other . .ccvrvcinnnnnieiiaiiin.. 201
Steam pipes, explosions. ... ...oceeienianann 202
Steam pipes,allother.......... ... ... 203
Gauges, explosions. ... ... ... ..ociiiiiii.l. 204
Gauges, all other. . . 205

Other apparatus, ex losions
Other apparatus, all other
Unknown

CAvUSE GROUP NO. 3—VEHICLES.

Steam and electric railways:
Train wrecks, collision
Train wrecks, derailment. .
Falls, getting on or off, in motion.
Falls, getting on or off, at rest......
Falls, riding on, sudden startor stop....
Falls, riding on, shpgin or lost balance. ..
Falls, riding on overhead structure........
Falls, riding on side structure..............
Falls, not otherwise classified..............
Struck by or caught between..............
Coupling or uncoupling . .
Switching...............
Repairing engines or cars..
Repairing track.......
Crossingtrack . ......ccoceiaiiiannn.
Standing or walking on track.......
Setting or releasing hand brakes....
Objects falling from.
Other accidentS, oo eeeeuecaeeineeinaniannas

Auto vehicles:

Collisions with cars or engines.............
Collisions with other vehicles.......
Collisions with stationary objects.

Overturning.....coveemecanenancn. 333
Cranking. ... ....covicevneanananas 334
Fallsfrom...coooeianeiaaaaan. 335
Struckby......ooiiviiiiiin. 336

Objectsfalling from............
Objects shifting on load.........
Allother. ... ..o . iiiiiiiiiiiiiiiaaanas
Animal-drawn vehicles:
Collisions with cars or engines
Collisions with other vehicles.....

Collisions with stationary objects. 352
Overturning..........o.coceeeo... 353
‘Whiffletrees......oocevuennan... 354
Fallsfrom....ocoooovneeaia.a. 355

Struck by.......
Objectsfalling from. . ..
Objects shifting on load.
Allother........_....
‘Water transportation:
Collisions with vessels. ...
Collisions with other objects

Capsizing........ocoviaanee 372
Hawsers and 373
Allother............... 374
Not classifi 398
Not reported .. 399

CAUSE GrOUP NO. 4—HoTr AND CORROSIVE SUB-
STANCES, EXPLOSIVES, ELECIRICITY, AND FIRES.

Code No.,
Explosives, Storage. ....coeveieairaiiciiiiiaaa. 401
Explosives, transportation and handling....... 402
Explosives, blasting................... ... 403
Explosives, duSt..eecueeeeiieieieniinenaneas 404
ExXplosives, gas. .. cvcvireiiniiiiiiiiaaanann 405
Explosives, gasoline......covvivieicracronnnnns 406
Explosives,other........................ veees 407
Electricity, short cirenits at switches.......... 408
Electricity, contact exposed conductors........ 409
Electricity, other....... seessssessssncncceannas 410
Conflagrations...................... ceeaees eee. 411
Hot substances and flames, asphalt, etc.:
Hot substances, liquids, water............ 413
Hot substances, liquids, other liquids...... 414
Hot substances, metal, falls on sheets..... 415
Hot substances, metal’, handling sheets... 416
Hot substances, hot barsin rolls.......... 417
Hotsubstances,hotscale...........c....... 418

FOR THE SAFETY MAN. 293

GROUPS—Continued.

CAUsSE GRouP No. 4~HoT AND CORROSIVE SUB-
STANCES, EXPLOSIVES, ELECTRICITY, AND
FireEs—Conciuded.

Hot substances and flames,

asphalt, ete,—~Concluded. Code No.
ot substances, hot stock ejected........ 419
Hot substances, rod 10ops. ......oooeuiennn 420
Hot substances, molten metal, breakouts.. 421

Hot substances, molten metal, explosions. . 422
Hot substances, molten metal, ingot explo-

SIONS....eoiiiiiiieraniennen heeieiaeass 423
Hot _substances, molten metal, sparks
andsplashes. .........coveivuiisneennnn. 424

Hot substances, molten metal, spills......
Hot substances, molten metal and slag,
other........ ... el 426

Hot substances, steam.
Hot substances, flames. .
Hot substances, all other
Corrosive substances,
Unclassified

CAUSE GROUP NoO. 6—FALLS OF PERSONS,

Code No.
From benches, boxes, chairs, and tables....... 601
From boats, bridges, dams, and docks......... 602
From buildings, in construction or demolition. 603
From cranes, derricks, or hoists, in erecting or

| 97-41 11 I, 604
From floors, temporary . . 605
Fromladders... ...cccoiiriiiiniinnnnns . 606
From engines, boilers, and machines.. .. . 607
Frompiles. ... ... . ... . 608
From poles and trees. . 609
From roofs . 610
From runways, balconies, and platforms . 611
From. scaffolds or staging................ 612
From stairs........ e teteectaneanranaan . 613
From tramways and trestles........... . 614
From windows or wall openings....... . 615
From otherelevations................. . 616
Into binsand vats........coeuennnan... 617
Into floor openings. .....eeveecuuann... . 618
Intomanholes.......oooiainiiiiia.. . 619
Intoexcavations.........oceeanea. . 620
Due toslipping onlevel........... . 621
Due tostumbling onlevel......... . 622
Otherfalls..

CAUSE GROUP NoO. 7—TFALLING OBJECTS.

Code No.
Collapse of building or walls................... 701
Collapse of piled material ....... ... 702
Collapse of scaffolds or staging ... . 703
From buildings.................... . 704
From chutes, conveyors, or slides. . . 705
From machines or work benches. . 706
Frompiles. ... .............c.... . 707
Fromracks and shelves........ . 708
From runwags, balconies, etc.. . 709
From scaffolds and staging. . .. . 710
From temporary floors............... ... 711
From tramwaysand trestles................... 2
From otherelevations......................... 713
Into ditches or trenches...... 714

Into other excavations.
Cavein of ditches..
Caveinoftunnels.... . ...
Cavein of other excavation:

Falling poles............ . n9
Falling treesand limbs........_. .. 720
Objects tipping over (not vehicles). ........... 721
Otherfalling objects.............oooiinnenn.n. 798
CAUSE Grour No. 8 —OBJECTS AND ToOLS BEING
HANDLED.
Code No.
Objectsdropped in handling....... PO 801
Caught between object handled and other
object. .. ... iiiiiiiiiiiiiiaan oreeeaannn 802
Lifting or pulling, causing strain............. 803
Handling glass. ........... tesceonaes PO, 804
Handling sheet metal...c.oeeeeoneaeaeanaa. . 805
Handling objects with protruding nails........ 806
Handling other sharp objectS.......ccovenuennen 807
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294 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

GENERAL CAUSE GROUPS—Concluded.

CAUSE GROUP NO. 8—OBJECTS AND TooLS BEING | CAUSE GROUP NoO. 8—OBJECTS AND TOOLS BEING
HaNpLED—Continued. HANDLED—Concluded.
Code No. | Tools in hands of fellow worker—Concluded,

Handling trucks or barrows, collide with person 808 . . Code No.
Handling trucks or barrow, collide with objects. 809 Tools, objects fly from metal chips......... 823
Handling trucks or barrows, overturn. . ...... R10 Tools, objects fiy from stone or cement. .. .. 824
Handling trucks or barrows, objects fali from.. 811 | URelassified......coooeriiiinirniniennte 808
Handqling trucks or barrows, other accidents.... 812 CAUSE GROUP NO. 9—MISCELLANEOUS CAUSES.
Topls in hands of worker: . Code No.
Topls, glance of SHP.......coveeveieeeeannn 813 | Anmimals.....ooooeiiiiiiiiiii i 901
Tools, break or come apart............... 814 -AS})hYXlatng gas
Tools, objects fly from, not otherwise Cold................
iﬁed’ _________________________________ 815 | Doors, windows, ete..
Tools, objects fiy from nails and spikes... 816 | Drowning . :
Tools, objects fly from metal chips.......... 817 | Flying objects (not otherwise classified)
Tools, objects Iy from stone or cement.... 818 gieg‘ilttﬁiﬁf; ------------------------------------- gg :
Tools in hands of fe]lqw worker: Nails an(fsharp objects stepped on............ 909
Tools, glanice or slip. ..... 2 819 | ViBleMCe. . o oevacreecnnnnencnnomsananenenanaean 910
Tools, break or come apart. . Striking against objects....ecvveeuneeannnnnn.. 911
Tools, objects fly from Uneven fOOTE. .o veeaneeenunnnanans. ... 912
Moving objeets not otherwise classified........ 913
Al other....oooieeiiniiiiiiiiiiiiiiiniiciaanns 998
OF INJURY.
Uppﬁr extremities—Concluded. Code Ngé
34
35
36
37
38
39
40
41
42
43
44
45
46
humb 47
Thumb and 1 finger. . 48
Thumb and 2 fingers. 49
Tongue. . Thumb and 3 fingers. 50
Lipsand Thumb and 4 fingers. 51
Face, not otherwise classified. 19 | Lower extremities:
L) PN heeecnman 20 Hip........ . 523
Trunk: Femur. .. . 53
2 Vo) A S 21 Upper leg 54
Vertebrae. . ... .22 Kn .. 55
Thorax, external. . .23 Tibia. 56
Thorax, internal . . .24 Fib 57
Abdomen, external.. .25 Both 58
Abdomen, internal. . . 2 Lowerleg.......... 59
Groin..._....... . 27 A 60
Pelvis... . 28 Foot..... . 61
Generative organs. ....c...... PR ——————- 2 Both feet. 62
Upper extremities: Great toe. .. 63
Scapul Any two toes.. 64
Unclassified. ... 98
UBKROWI . v oeinvviiniiinieiieiiecienaeanaeens 99
NATURE OF INJURY.
Code No. Code No
ADIasion. ..iseuieaseesecimsncanioeecisacnnanes 0l | Cut with infeetion............ooiaaiiiiio 14
Bruise... . 02 | Laceration with infection. 15
Cut...... ... 03| Puncture with infection. ... 16
Laceration ... 04| Burn,or scald with Infection.. 17
cture. ... ... 05| Fracture with infection..... 18
Burn or scald. ... 06| Hermia. .ocoveiecninnenaen 19
Concussion. . eee O7 | AsphyXif.eceeevueinananiaia, 20
Dislocation. . ... 08| Electricflash......ccocvuniannnns 21
Fractre. .....ccoceeenen. ..~ B9 | Crushinginjury................... 22
Sprain or strain (not herma ... 10 | Heat exhaustion.................. 23
Accidental dismemberment. PR | ther. . .coooveeiiiiiiiiiiiion 98
Nervous shotk. . vovmuneniieieiieiesnceninnnann 12 | UBKDOWNL. . ivniiniii it itncetaeaacennns 99
Abrasion with infection. .. ...l

The card is so arranged that it can be placed upon the typewriter
and the various items entered in sequence. The entry of the code
numbers is, of course, greatly facilitated if the record has been copied
upon the upper half of the card by the plant, since, in that case, when
placed upon the typewriter the record to be translated into terms of
the ¢ode is in a convenient position to be inspected and the proper
code numbers determined.
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STATISTICAL METHODS FOR THE SAFETY MANX. 295

In those cases where a duplicate report of one prepared by the plant
for its own use is sent in, the items on it are not copied but the trans-
lation into code numbers is made directly from the original and
entered upon the bureau card. In that case the upper portion of the
card is left blank and the card contains only the series of code numbers.

This process brings all of the individual records into a form con-
venient for filing and reference, and facilitates the next step of the
process, which consists in transferring the code numbers to punched
cards. A form of this card is shown on page 296.

The process of sorting and tabulating these punched cards is
familiar to those who have had occasion to use the system in cost
accounting and other similar operations and can not be readily
described in such manner as to render it intelligible to those who
have not seen the apparatus. It will be sufficient to indicate the
procedure in a simple case. Let it be supposed that the interest is
in the causes of injury. The principal cause groups are recorded by
means of the code figures from 1 to 9 in column 27 of the punched
card. The machine will be set to sort the cards in accordance with
the figures in that column. The result of the operation will be to
place the cards numbered from 1 to 9 in their respective compart-
ments. The cards in compartment 4, for instance, are for accidents
due to explosives, electricity, and hot and corrosive substances, and
those in compartment 7 pertain to cases of injury due to fallin
objects. If it is desired to know the number of men of the severa
races injured in accidents from falling objects, the cards in com-
partment 7 will be reassorted by setting the machine for columns
21 and 22. As a result of this reassorting all cards marked 01,
which represent the American whites, will be in one group, those
marked 19, representing Polish workers in another; and so on.

It is evident that by reassorting the cards into the many possible
interrelated groups indicated by the printed titles it would be pos-
sible to establish a very great number of interrelations, some of
them significant and others having little or no meaning.

This assortment of the cards will determine the number of cases
belonging to specific classifications. It has been repeatedly empha-
sized that a study of the number of cases as related to the working
force fails signally to bring out many important facts in the situation.
There is need also for some index of the severity of the cases falling
under the various classifications. Knowledge on this point is
obtained by utilizing the record found in columns 42 to 45. If the
card is one for afatal case 6,000 will be punched out in these columns,
If a disability of one day beyond the day of injury is represented,
the figures punched will be 0001. In a given group of cards there
will be material variation, depending upon the degree of severity in
the individual cases. If it is desired to know what the loss equiva-
lent to the injuries arising from falling objects is, the cards from
compartment 7, as originally sorted, will be put through another
machine, which adds the time losses recorded in columns 42 to 45.
It is obvious that the equivalent time losses occurring in any groupin
which has been determined by the previous sorting may %e learne
by -putting the cards through this tabulator.
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STATISTICAL METHODS FOR THE SAFETY MAN. 297

The information thus obtained regarding the cases of- accident
may now be formulated as rates by computing the ratio between
the man hours and the number of cases, giving frequency rates, or
between man hours and the equivalent days of loss, giving severity
rates. In the standard table used in different parts of this report
and shown below these frequency and severity rates are given for
cases of death, permanent disability, and temporary disabﬁity.

Accident frequency | Accident severity rates

Number of cases. rates (per 1,000,000 (per 1,000 hours’ ex-
hours’ exposure), posure).
Num-
® ber of
work- Per- | Tem- Per- | Tem-| Per- | Tem-
ers. ma- | po- ma- | po- ma- | po-
Death.| nent | rary tTa(l). Death.| nent | rary" ’tra(l). Death.| nent | fary ;:ra?-
disa- | disa- : disa- | disa- ’ disa- | disa- :
hility.|bility. bility.|bility, bility. bility.

1 This space is for entering department, oceupation, etc.

The foregoing gives an idea of the treatment of the data coming
into the bureau in the form of records of individual cases.

Tabulated records.—It has been noted above that besides the
records of individual cases a considerable body of records comes to
the bureau in the form of tabulations. From these tabulated
records it has been possible directly to calculate the frequency rates.
Determination of severity rates involves more extended computation.
For example, all cases of death must be multiplied by 6,000; loss of
thumb, by 600; disabilities terminating in 7 days or less, by 3.5.
By computations such as these the time allowances pertaining to the
several departments may be determined. Since the classification
is never expanded beyond the departments into occupations, only
departmental rates can be determined from these tabulated reports,
and it is manifest that no study of causes is possible from such
tabulation.

THE USE OF RECORDS AND CHARTS.

The safety man will very soon find it desirable, even necessary, to
ut his records into such shape that they may be readily understood
fr the management. He must show in what departments of the

plant under his charge changes in accident occurrences are happening,
either improvement or the opposite.

It may properly be emphasized again at this point that no trust-
worthy conclusions can be arrived at regarding these matters unless
the accident occurrences are related to the amount of exposure. In
other words, rates of various sorts must be prepared which will
indicate the nature of the ehanges which are gomng on. It may also
be said that exclusive attention to frequency rates is always liable
to lead to wrong conclusions, and it is certain that at intervals such
errors will intrude if the factor of severity is not properly considered.

As a direct and forcible method of presenting t]l)xe acts with regard
to accident occurrences and accident prevention, no method has
proved equal to the graphic chart. If such charts are made with due
regard to simplicity and clearness, a large amount of information can

71087°—22——20
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298 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

be compressed into small space and made to appeal very directly to
the observer.

There are two things which may be conveyed by the graphic
method: (1) A comparison of absolute amounts and (2) the direction
and rate of change which is occurring. It has not always been the
case that a clear distinetion has been made between these two entirely
different ideas which may be embodied in a ehart.

Differences in absolute amounts may be shown by charts such as
Chart 15, shown on page 216.

That chart shows by means of the horizontal bars of which it is
composed the size of the accident severity rates in the iron and steel
industry over a period of years. It also shows what contribution to
this total severity was made by each of three factors; namely, death,
permanent disability, and temporary disability.

Such charts are sometimes made with the bars vertical instead
of horizontal. This is an undesirable arrangement since it is much
less easy for the eye to make comparison of vertical distances than it
is of horizontal distances.

Whenever, therefore, it is possible to use the arrangement shown
of the elements making up the chart it is desirable to do so.

SMOOTHED CURVES,

It is usually desirable to consider the course of events in the matter
of accident occurrences in the plant as often as once a month. One
difficulty is immediately encountered, even in establishments of con-
siderable size, when the meonthly unit is adopted. The amount of
exposure and the number of cases are so small that very violent and
perplexing fluctuations may oecur which tend to obscure the real
course of events. When, on the other hand, comparisons are made
only between successive annual periods, the comparison is so delayed
as to lose a large part of its value.

It is desirable, therefore, to adopt, if Fossible, some method which
germits of a monthly presentation of relations and at the same time

eals with amounts of exposure and number of cases sufficiently large
to get away from the influence of special local conditions.

This is accomplished by the use of overlapping 12-month periods.
For example, instead of computing rates for the month of January,
February, etc., the rates are computed for the entire year ending with
each of those months. These rates are then arranged in a series and
by their rise and fall indicate in a satisfactory manner the general
trend of events.

The results of the application of this method can best be understood
by the comparison ef charts plotted from month to month and the
same data plotted by full years ending with those months.

Chart 58 shows the frequency rates by individual months from
December, 1914, to October, 1916, for five of the important depart-
ments of a large steel works. Charts of this form have been very
considerably used by safety men and when the fluctuations are not
great and the number of departments presented is relatively small
2t?hey give a fairly satisfactory picture of conditions and permit a’
ready comparison between the months. It is evident, however,
that where the fluctuations are such as those shown in this chart, it
becomes very confusing and the tracing of the record of the indi-
vidual departments is extremely difficult.
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In Chart 59 the same data are presented modified so as to show the
rates for the full years ending with the months instead of the monthly
rates as in the preceding chart. It is possible in this chart to trace
the relations between the several departments. For example, in the
early part of the chart accident rates in the mechanical department
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were materially higher than the rates in rolling mills. By the close
of the period they were considerably less. Also a changed condition
in a particular department becomes promptly evident and provides
a better basis for an intelligent COHCKlSiOIl regarding what ought to
be done in that department than the violent cﬁanges which are indi-
cated in many cases by the monthly summary.
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STATISTICAL METHODS FOR THE SAFETY MAN. 301

Man-hours. Accidents.
Frequency
rates by

e By years years
Months. By months. By years ending— | By months. ending— ending—

1914 1915 1914 1915 1914 | 1915 | 1914 | 1915 ) 1914 | 1915

2,226,000

The above form is arranged to carry data for two years. It is, of
course, possible to increase the number of years indefinitely. In the
columns at the left the ‘““man hours” of the individual months are
entered. The total of the first column is the man hours for the year
ending with December, 1914. In thenexttwo columns are entered the
man hours for the 12 month-period ending with each specified month.
The total for 1914 is 2,226,000 hours. To obtain the figure for the
year ending with January, 1915, we subtract from this total the hours
of exposure for January, 1914, and add the hours of exposure for
January, 1915 (2,226,000 — 195,000+ 123,000=2,154,000). Proceecd-
ing in this manner, from month to month, we obtain the hours of
exposure for the years ending in each month of the period covered.
The next two columns contain the number of accidents which occurred
in each month. The total of column 5 is the number of accidents
(254) which occurred in the year ending with December, 1914, Ap-
plying a formula similar to that used for the hours of exposure
(254 — 37+ 15 =232) gives the number of accidents for the year ending
withJanuary, 1915. Repeating the processgives (232 —30 4+ 12=214)
the accidents for year ending %‘ebruary, 1915, and so on to the end
of the series.

Lastly, there are two columns in which frequency rates are entered.
These are obtained by dividing the number of accidents, as found in
colux(xlms 7 and 8, by the number of man hours, as found in columns
3 and 4.

It may be repeated that this method of indicating the trend of
events gives a much more sure and satisfactory indication of the
changing conditions than it is possible to secure by charting the indi-
vidual months.

CHARTING ACCIDENT CAUSES.

The foregoing gives an idea of the application of smoothed curves
to the departmental rates. In a precisely similar manner the rates
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302 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

for accident causes may be computed and charted. This application
is illustrated by Chart 60.

Whenever the curves for different items fall in widely separated
parts of the scale, difficulty is encountered both in the matter of space
occupied and in the comparison of the curves. In Chart 60, this
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difficulty is overcome by reducing the rates which are charted to
index numbers based upon that of the initial year taken as 100.

In this chart, the handling of objects and tools and three other causes
are {)lotted. For comparison with these cause curves the course of
employment and the new-man accession rate are also plotted. A
very close and significant parallelism appears in this chart between
the curve representing the new-man accession and the curve represent-
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STATISTICAL METHODS FOR THE SAFETY MAN. 308

ing the handling of objects and tools. In fact they run so closely
together in parts of their course that it is difficult to discriminate one
from the other.

It has often been noticed that the accession of new men is almost
invariably accompanied by rising accident rates, both frequency and
severity. Chart 60 gives an idea of the kind of injury which these
new men suffer to a specially noticeable degree. It is very likely
that a man entering upon service will first be given some work involv-
ing the handling of objects or tools, and it is evident that his inexpe-
rience reveals itself in an unusually large number of injuries connected
with such handling.

Among the cause groups shown by this chart are hot substances and
cranes and hoists. These are known to give rise to a relatively high
degree of severity. When, therefore, from the year ending in June,
1915, to the year ending in June, 1916, one or both of these causes
shows a rise proportionate to or exceeding the figures of employment,
it becomes evident that the safety man should give these causes
particular attention.

Over the period mentioned the %eneral tendency of all causes is
upward, coincident with the rise of the new-man accession rate, to
which attention has been<called. There is one notable exception to
this rule. The curve representing ‘‘falls of the worker’’ declines
throughout most of the period. Special inquiry was made as to any
condition which might have influenced the course of this curve, and
it was found that a very active campaign was in progress for the im-
provement of the condition of the plant in respect to cleanliness, the
condition of stairways and ladders, and the correction of other condi-
tions likely to influence the occurrence of falls. The plotting of this
curve revealed to the management for the first time the degree to
which their efforts had been successful and also showed that other
causes which had not been subjected to special effort had at the same
time rising curves.

By the use of colored pencils it is possible in charts prepared in
the same manner as those just described to introduce and to dis-
criminate satisfactorily a very considerable number of departments
or of cause groups. {vf such charts be maintained from month to
month the trend of accident occurrence will be satisfactorily shown
with scarcely more application of time and effort than that necessary
to plot the ordinary monthly summary.

The cause chart, such as that described, is particularly useful in
determining whether special efforts in certain directions are proving
effective.

The charts just presented are Elotted upon an arithmetic scale.
In these particular mstances the objections to the use of such a scale
which are brought out later (see page 305) do not seriously apgly.
The charts convey in a fairly satisfactory manner the ideas which they
were intended to convey. ﬂ remains true, however, that these charts
would be materially improved if they were projected upon a percent~
age scale such as will now be described.
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304 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

THE RATIO CHART.?

It has already been pointed out that when it is desired to compare
absolute magnitudes a bar chart with the bars placed horizontal is
much to be preferred. As will be amplified somewhat a little later,
conclusions based upon such charts with regard to the rate at which
change is taking place, and especially with regard to comparative rates,
are a%most certain to be erroneous. For the expression of changing
relations other graphic methods are essential: The difference between
the relation of absolute magnitudes and the rate at which change is
occurring may be illustrated by the case of the city having in each
of three enumerations a population of 50,000, 75,000, and 100,000,
The relation in the matter of absolute magnitudes would be deter-
mined by noting the arithmetic difference, namely, 25,000, between the
first and second, and the same number between the second and third.
If, however, the interest is in the rate at which change has been
occurring it would be expressed by the percentage difference between
these populations. In the interval between the first and second
enumeration the population increased 50 per cent; between the second
and third enumeration the increase was 33% per cent.

The arithmetic differences noted direc{ attention to the absolute
magnitudes, while the statement on the percentage basis calls atten-
tion to the rate of change.

A COMPARISON OF SCALES.

It has long been a matter of interest to have a method by which
the ordinary expression of rate of change, namely, an increase or
decrease of so many per cent, could be expressed graphically. This
result is accomplished perfectly by the use of a ‘“ratio’” chart con-
structed on a ‘“ percentage scale.”

Since the percentage scale is derived from a consideration of the
logarithms of the numbers denoting the absolute magnitudes, the
scale is frequently called “logarithmic.”

The fundamental characteristics of each scale will be brought out
by comparison of the following form: :

ARITHMETIC SCALE.

10 15 20 30 40 50 60
| | I | [ ! |

PERCENTAGE SCALE.

l|0 1|5 2;) 4(|) S(l) 16|0 39i0

In the arithmetic scale shown above equal linear distances represent
equal arithmetic differences. In the percentage scale equal linear
distances express equal percentage differences. The arithmetic scale
is so constructed that each space contains 10 units. In the per-
centage scale one space represents 100 per cent difference.

2 Since the publication by Prof.Irving Fisher, of Yale University,in the July, 1917, issue of the publica-
tions of the American Statistical Association, the ratio chart has been utilized by a number of statisticians
for pgl(f 1;111;_rpose of conveying ideas regarding the rate of change occurring in statistical magnitudes over a
period of time.
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Suppose that it is desired to introduce some intermediate numbers
between 10 and 20 on the arithmetic scale. The space between the two
would be divided into 10 equal parts, 11 would be one unit removed
from 10 while 15 would be midway between 10 and 20, since points
having equal arithmetic differences are always equidistant.

It is a more complicated matter to construct a complete percentage
scale because any magnitude compared with an ascending or de-
scending series of magnitudes is a constantly changing percentage.
To illustrate, from 100 to 110 is 10 per cent increase; from 200 to 210
the increase is 5 per cent. Therefore on the percentage scale the
linear distance from 200 to 210 will be less than from 100 to 110.
As a result, in passing up the percentage scale the numbers separated
by the same arithmetic difference will ﬁraw closer and closer together
on account of the decreasing percentage difference.

If it is desired to locate an intermediate number, such as 15 between
10 and 20 on the percentage scale, it will be necessary to determine
the logarithms of 10, 15, and 20 and then place 15 between 10 and
20 in a position representing the relation between its logarithm and
the logarithms of these two numbers. When the point 15 is thus
located, it will be found that it is not equally distant from 10 and 20
as is the case in the arithmetic scale but is nearer to 20, as shown.
This accords with the statement already made, that a given magnitude
is a constantly decreasing percentage of an increasing series of
magnitudes.

o produce percentage seales by this method of getting the
logaritﬁms from the tables would be a somewhat laborious and time-
consuming process. Practically this may be avoided by using scales
already prepared. There are on the market papers ruled on the
percentage gasis, commonly known as ‘“ logarithmic paper.” From
them it will usually be possible to select a scale of dimensions suited
to the particular graph which it is desired to produce. In case no
paperis available having satisfactory dimensions, it is easily possible to
derive a usable scale, or the divisions on an engineer’s slide rule may
be utilized for the production of appropriate percentage scales.

ERRONEOUS USE OF ARITHMETIC CHARTS.

Before proceeding to present the characteristics and use of the
ratio chart more in detail, it is desirable to show wherein the ordinary
arithmetic scale fails to convey correct impressions. Much the most
common and also the most deceptive of such charts is the line chart
projected on an arithmetic scale.

hart 61 is a combination of bar chart with the line chart. In it
the bars are placed vertical instead of horizontal and a so-called
curve is formed by introducing a line connecting the points at the
ends of the bars.
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306 ACCIDENTS IN THE IRON AND STEEL INDUSTRY..

CHART 61.—COMBINATION OF BAR AND LINE CHART TO SHOW INCORRECT USE
OF ARITHMETIC PLOTTING.
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The only things which are properly comparable in a chart such as
this are the distances from tﬁe ase ljne to the points determined;
in other words, the length of the bars. The connecting line, by which
the points at the ends of the bars are united, diverts attention from
the appropriate comparison to a consideration of the line itself. If,
as is usually the case, the bars are not introduced, the gradient of
the line between the different points becomes the basis of judgment
and all idea of the distances from the base as the objects to be com-
pared is lost. It is almost inevitable, under these circumstances, that
the line will be erroneously interpreted as expressing the rate of
change. This rate, however, as will be explained later, can be accu-
rately represented only by aratio chart in which percentage differences
and not arithmetic differences are plotted.

It happens quite frequently that for some distance above the zero
line no points in the curve occur. In such a case it is a common
practice to omit entirely that portion of the scale. This at once and
completely renders impossible the only proper comparison. Suppose
the smallest magnitude in a given group is 75 and the largest magni-
tude is 100. It would then be in accordance with the common prac-
tice to cut away the lower portion of the scale to 70, for example.
The ocular comparison of the two magnitudes will, of necessity, be
that between 5 and 30 and not that between 75 and 100. Tgis is
true because the eye judges not by the figures to which the points
correspond but by the distance of the points from the base line. An
arithmetic chart, then, in which the scale does not extend to zero is
useless or positively deceptive. Furthermore,. when the series of
magnitudes which it is desired to compare become increased beyond
two or three, it becomes difficult, even impossible, to compare the
distances from the zero line even though the entire scale be given.
Further to complicate the situation by an abbreviated ‘scale is to
multiply obscurity by deception. Chart 62, based upon data assem-
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CHART 62.—ARITHMETIC PLOTTING OF ACCIDENT FREQUENCY RATES,
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3808 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

bled by the Bureau of Labor Statistics in its studies, is the usual
arithmetic projection of the experience of plants producing various
steel products.

This chart has all the confusing and deceptive features specified
above; namely, (1) the abbreviated scale, (2) confusing multiplicity
of items, and (3) the guide lines diverting attention to themselves
from the Froper comparison. To test its deceptive capacity a large
number of people were requested to state the impression conveyed
to them by the curve for fabrication as compared with that for tube
manufacture. Practically all were agreed that in the earlier years
covered by the chart conditions improved more rapidly in fabrication
than in tube manufacture. Only one person called attention to the
fact that the omission of the lower portion of the scale made impossible
the only valid comparison which such a chart should make possible.
It developed constantly that the judgment rested upon the relative
steepness of the gradients of the two lines.

To be correctly interpreted the line must be a true curve represent-
ing the rate of change. The so-called curves in this chart are not
really curves at all but are really guide lines which the eye may follow
from point to point. It is already noted that when a given point is
reached the line must be forgotten while the real comparison is made
of the relative distances from the base line. In practice it is entirely
imlpossible to ignore the guide lines and give attention to the reall
valid comparison. The need for some form of charting from whic
the rate of change can be correctly judged becomes strikingly
apparent. This need is fulfilled by the ratio chart.

(E/ha,rt 63 has the same data plotted in ratio form. It will at once
be seen that while the arithmetic chart showed the line of tube
manufacture as almost horizontal, this chart shows that the rate of
chﬁnge in tube manufacture was greater than that of any of the
others.

CHARACTERISTICS AND USE OF RATIO CHARTS.

To recapitulate the points thus far made: (1) Comparison of
arithmetic differences is best accomplished by means of the horizontal
bar chart; (2) The arithmetic line chart is unsatisfactory because it
does not clearly. express its arithmetic differences and because it
functions erroneously and deceptively as an indicator of rate of
change; (3) An accurate conception of rate of change can be con-
veyed only by a ratio chart.

The ratio chart is, as has been noted, one in which magnitudes
are plotted on a percentage scale. After the scale is worked out the
steps in the production of the chart are precisely the same as those in
an arithmetic chart. A point on the chart is determined in accord-
ance with the scale adopted for each item in the table and the points
Eertaining to each particular series of magnitudes are then connected

y distinctive lines. The result is to give true curves whose direction
and the rapidity of whose rise and fall are the significant matters.

There are four important characteristics and functions of the ratio
chart which should be pointed out:

(1) In a ratio chart a given linear distance on the scale always
represents the same percentage of difference. For example, the dis-
tance from 10 to 20 (100 per cent) is precisely the same as the distance
from 100 to 200. '

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis



CHART 63.—A “RATIO” CHART OF THE DATA SHOWN IN CHART 62.

STATISTICAL METHODS FOR THE SAFETY MAN.,
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310 ACCIDENTS IN THE ITRON AND STEEL INDUSTRY.

(2) The gradient of the lines always and necessarily expresses the
rate of change in the series of statistical facts being charted. Equal
rates of change or equal percentages of difference will have the same
gradients. For example, if one magnitude increases from 10 to 11
while another increases from 100 to 110 the curves corresponding to
the change will be parallel, indicating the fact that the rate of change
is the same. Plotted on an arithmetic scale the curve from 10 to 11
would represent one-tenth of the rise of the curve from 100 to 110.

(3) A percentage scale has no zero. This is necessarily true
because when there are magnitudes that are plottable, no matter how
small, the percentage decrease can never be 100, and thus can never
reach the zero point. An arithmetic scale in order to afford correct
information must extend to zero, since the only properly comparable
things are the distances from the zero line. It is a misapprehension to
think that the absence of zero in the percentage scale is a disadvan-

CHART 64.—~CHART ILLUSTRATING INCOMPARABILITY OF PERCENTAGES OF
INCREASE AND DECREASE.
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tage. The particular significance of the scale is related to this fact.
Since there 1s no zero no attention need be given to the question of dis-
tances therefrom. It is the relation of the magnitudes to each other
which is the proper subject of consideration.

(4) The ordinary terms used to express rise and decline, such as a
50 per cent rise followed by a 25 per cent decline, are really unin-
telligible. The fact that they convey no exact and satisfactory
meaning is rarely recognized by those who use them. Comparatively
few persons are instinctively aware of the fact that an increase of
100 per cent is exactly balanced by a decline of 50 per cent. Per-
centages of increase can be properly compared with other percentages
of the same sort and percentages of decline are similarly comparable,
but no direct comparison can be made between the percentage of
increase and the percentage of decline. Chart 64 illustrates the fact
that the two series of percentages are incomparable.
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STATISTICAL METHODS FOR THE SAFETY MAN, 311

For purposes of illustration a series of nine magnitudes have been
plottedp; namely, 100, 200, 300, 600, 800, 600, 300, 200, 100, each
regarded as occurring in successive equal intervals of time. It will be
noted that the absolute decreases are in exact reverse order of the
increases. The percentage decreases, however, by no means coincide
with the corresponding percentage increases. Thus from 100 up to
200 is an increase of 100 per cent, while from 200 down to 100 is a
decrease of 50 per cent. From 200 up to 300 is a 50 per cent increase,
while from 300 down to 200 is a decrease of 33 per cent. From 600
up to 800 is a 33 per cent increase; from 800 down to 600 is a 25 per
cent decrease. Any comparison of such increasing and decreasing
series is impossible except by a memory of relations quite beyond the
powers of the ordinary mind or by mathematical adjustments in
each case so time consuming as to be out of the question. The
incomparability between increasing and decreasing series of mag-
nitudes is due to the necessary shifting of bases whenever there is a
change from increase to decline or the reverse. For example, going
up from 100 that number is the base and 200 is reached by a 100 per
cent step. Declining to the former level, 200 becomes the base and
100 is reached by a 50 per cent step. It is evident that in any case
where there is frequent reversal the tangle of incomparable per-
centages will be entirely unintelligible.

The ratio chart untangles these incomparables and presents the
facts directly and accurately and in a form understandable merely
by inspection.

SPECIAL APPLICATIONS.

It is frequently desirable to compare series of magnitudes which
fall in widely separate portions of the scale. To do this in the manner
shown in the preceding charts sometimes requires an immense amount
of space or the curves may be so far separated from each other as to
render satisfactory comparison difficult.

Chart 65 illustrates a method of overcoming these difficulties.
Two portions of the scale are placed side by side and so adjusted that
the initial point of each curve falls at or near the same point. That
the scales used in the chart are portions of a single scale is demon-
strated by noting that the distance from 1.00 to 1.10 is the same as
that from 100,000 to 110,000, 10 per cent in each case. If the scale
were extended to accommodate these extremes, both the size of the
paper necessary and the distance apart of the two curves would render
that method of plotting out of the question. The marginal numbers
which appear on this chart afford some indication of the arithmetic
relations between the magnitudes, but this information is more
satisfactorily secured by reference to the tables on which the chart is
based. The number of curves which can be adjusted in this manner
is limited. It would probably not often be justifiable to thus arrange
more than two.
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312 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Whenever the degree of fluctuation is the matter of chief interest
and the number of curves which it is desired to compare is consider-
able, the method illustrated by Chart 66 has a field of usefulness.

The magnitudes in these series are reduced to index numbers,
those of the initial year being regarded as 100. Kach curve, as a
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,” REDUCING TO INDEX NUMBERS AND

PLOTTING ON A PERCENTAGE S8CALE.

CHART 66.—COMPARISON OF THE TREND OF SEVERAL RELATED ITEMS BY “SMOOTHING
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314 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

It may be urged that the treatment described above is not suited
to the use of a busy safety office, where the chief concern must be to
guard against future a,ccicﬂants rather than to make elaborate studies
of those which have already occurred. Two things may be said
regarding such a contention: (1) The safety man needs to under-
stand, even if he does not use, the statistical devices by which the
attempt is made to interpret the facts in such a way as to give the
best possible insight into preventive measures; (2) the safety man
will find that many of the procedures outlined are much less com-
plicated than they appear and that they can be used currently
quite as readily as some that are apparently much simpler.

It will be agreed at once that extended amalysis and presentation
are the proper function of national and State bureaus charged with
responsigility concerning accident problems. The safety man may
very well insist that he be provided with much more extensive and
careful expositions than have hitherto been made for his benefit.
Until his needs are more fully met by such agencies, he will find it
worth his while to examine from time to time his own experience
with the aid of any method which experience has shown to have
significance.
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TaBLg 1.~HOURS OF EXPOSURE

APPENDIX.

(DATA UPON WHICH REPORT IS BASED.)

IN PLANTS IN THE IRON AND STEEL INDUSTRY

FURNISHING RECORDS OF INDIVIDUAL CASES, 1915 TO 1919, BY DEPARTMENTS.

Department. 1915 1016 017 1918 1919 Total.

6,806,374 | 8,580,306 | 10,284,443 | 9,721,417 | 17,460,000 | 52,861,549

1,456,833 | 2,420,522 | 3,174,105 | 2,604,484 | 6,504,672 | 16,349,706

8,921,814 (11,312,621 | 12,008,801 | 10,399, 282 | 18,932, 61, 574,968

2,055,798 | 2,771,841 | 3,038,145 | 1,937.@82 | 20,%63.604 | 30,666,680

Heavy ralling milis. . ...7000000 12,385, 781 [17,131,436 | 17,356,877 | 18,620,792 | 15,875,557 | 81,370,443
PlatemillSe e nsennnnnnnoenooons 363, 7,307,487 | 8,575,644 | 10,127,938 | 11,669,132 | 44,133,473
Tubemills_.o..01 01 11T 4,380,775 | 6,792,073 | 6,310,848 | 6,310,848 | 9,996, 33,794, 078
Fabricating....oeereoioiooon... ,004,922 | 5,528,341 | 5,853, 6,248, 511 | 10,906,342 | 33,331, 402
Electrical......o.o0001 0000 1,258,863 | 1,014,055 | 2,138,537 | 2,064,173 | 5,196,400 | 12,572 118
Mechanical...ooveeersonononss 4,311,926 [10,129,008 | 11, 241, 895 | 12,365,722 | 36,205,585 | 74,254,136
Yards........oooon 0531473 | 6,478,753 | 5,662,545 | 4,791, 8,994,087 | 29,458, 361
Sheet roiling mills 2,145,520 | 3,520,712 | 2,860,827 | 2,660,097 | 6,564,120 | 17,760,276
Miscellaneous. . ................. ) 007, 553 (15,696, 830 | 14, 864, 512 | 19,227, 851 |103, 504,595 | 166, 601, 350
Total. . ..eeeninineninininnns 71,629,904 99,601,904 103,170,555 107, 178,820 273,057, 267 | 654,728, 540
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TABLE 2.~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPART(I;IAE_UI:TS’I:;:S IN THE TRON AND STEEL INDUSTRY, 1915 TO 1919, BY ACCIDENT

MACHINERY.

Blast Open | Found- | HEYY | plate | mTube | Sheet

furnaces. [BSSOICL.| pooine, | “ries, | TOMINE | pyuns | mins. | rolling

Accident cause.
mills, mills.

Fabri-
cating.

Elec-
trieal.

Mechan-
ical,

Yards.

Unclassi~

Prime movers and power transmission:
Steamengines...........ccceceoeeannl 111 2,
Internal combustion engines...........{ 2| oo it et

Dynamos and motors......

Shafts.........

Grinding wheels................. .ol
Hotand ecooling beds..................
Lathes, general . .......ooooviemniaao..
Lathes, turret.......cooooiennianiial.

Planers, metal........ccooevaiiiaaaa..
Planers, wood .......ooeeniiiniiinaa..
Presses, punch....cooe ool
Presses, stamping....c..oeeeveeniiaaa.
Pushers...c.ooiiiiiiiiiiiiiiiiiiiannns

[ 107370 SIS AP OV FOURRRPURIN AP AAUPP RN RN A A
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Other machinery:

Straighteners..ooeaeeeiinieeeiecaenaifonns

Tappers. ....c......
Threaders. .....
Transfer tables,
Tube drawing benches. .........
Forging press..... reeerecsnenaenranens

Elevatoraccidents...........cvcuueeaen
Crane, caught by chain hooks.
Crane, cable catching person..
Jrane,l oad swinging........
Crane,l oad lowering......
Crane,l oadfalling .

Crane,l oadfalling, broken machinery B

Crane,loadfalling, hitchslipped........
Crane, objectsfalling from crane

Crane, fallsfrom crane or truck. J.

Crane, other accidents. .....
Derricks and hoists
Blocks and tackles, windlasses, etc.
Conveyors
Gantry cranes........ .
Locomotive cranes......

Pumps
Fansand blowers............coo.ooife

Unclassified.ceveeenenarnnnnnnnnnanoon,

=
EY7 -TUN - T

9

ceverveves

i

N S -

54

1,211

Steam and electric railways:

Digitized for FRASER

Train wrecks, collision..
Train wrecks, derailmen
Falls, getting on or off, in mof
Falls, getting on or off, at rest..
Falls, riding on, sudden start or s!
Falls, riding on, slipping, or lost balang
Falls, riding on overhead structure
Falls, riding on, side structure.
Falls, not otherwise classified.
Struck by or caught between c:
Coupling or uncoupling .
Switching ........
Repairing track
Crossing track.._....... eeens
Standing or walking on track..
Setting or releasing hand brakes.
Ogjlects falling from...........
Other accidentS..c.veeeresevosssecrens
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TaBLE 2~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPATIJ%_éI‘EMEé\IT? INdTHE IRON AND STEEL INDUSTRY 1915 TO 1819, BY ACGCIDENT )
—Continue

VEHICLES—Concluded.

Heavy Sheet s s
N Blast Open Foun- Plate Tube 4 Fabri- Elec- | Mechan- Unclassi-
Accident cause. furnaces. |BeSSEIET hoarehs. | dries. rr(r):.lmllxslg mills. | mills. ';‘I’_‘ljlllll;g cating. | trical. ical. Yards. | “ged.
Auto vehicles:

Collisions with other vehicles. .........

CranKking.....ccveneereriincnacacanenn

StrUCE BY .. oceaeiiien e,

Ongctis falhng from. ..ovvinrniniinann.

Uncxasslﬁédii'.liiiii.............IIZZZ

TOtal. o ieeecciiacaeaeenacaaaans 61 20 9 1
HOT SUBSTANCES.

Explosives:

Transportation and handling.

Other
Electricity:

Short circuits at switches..............

8oixltaet exposed ¢onductors. .

Hot substances and flames, asphalt ete.:
Liquids, water 15 30 1 10 7 3 17 5
Qther liguids........

fe
E
g
]
1;_
%
-
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30 4 22 3 10 & 1 ) 3 15 5 32
46 8 109 12 24 10 4 1 ) 6 34 3 79
5 7 159 40 66 62 12 7 15 2 44 12 174
6 leeenrnnnnn 1 2 1 1 4 R U, [ 2N PO 52
[ P 8 4 11 3 4 1 1 2 4 3 14
436 120 781 170 243 162 54 39 41 124 184 51 644
FALLS OF PERSONS.
Falls of persons: .
From benohes, boxes, chairs, and tables. 1 1 1 1 3 | N ERS 1 1 1 L3 [STPOPI 6
From buildings, in oonstruetion or
GOMOltIoN . o\ - cieeaiiacarazeanaatt b7 ISR 1 S 4 feeiiaannns 2
From eranes, derricks, or hoists in
erecting or rigging............... ... 1
From ladders......
From piles.........
From poles and trees. e
Fromroofs. .. cveeeemaecniecnancannnn

From. runways, balconies, and plat-
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................................ 6 2 6
From seafiolds or staging. ........ 23 [} 11 1 5
Framstairs..ceeeeeeeneeennnnen.. 13 4 11 4 11
From tramways and trestles.. 2 O P
From other elévations 21 3 27 7 23
Into hins and vats 13 . . 4 1 1
Ipto floar openin; 4 1 10 7 3
Into manhales. 2. 3 4. .. 3
Into excavations. ., 4 1 11 2 3 1. .. 3 3
Due toslipping on 53 14 89 21 66 58 17 23 35 16 80 20 221
Due to stumblfng an level 24 4 30 22 32 14 (] 10 11 5 25 20 8
Qther falls.............. 11 4 30 8 23 14 5 1 7 8 28 4 60
Total....... Nneeeeeeacetnanavancaneas 199 47 282 ki 204 120 38 40 94 73 294 73 547
.org/
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TABLE 2,.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DE

FALLING OBJECTS.

PARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY ACCIDENT
CAUSE—Continued,

Accident cause.

Blast
furnaces.

Bessemer.

Open
hearths.

Found-
ries.

Heavy
rolling
mills.

Plate Tube
mills. mills,

Fabri-
cating.

Elec-
trical.

Mechan-
ical.

Yards.

Unclassi-
fied.

Collapse of scaffolds or staging.............
Falling objects: Eing
From buildings...ecececrecseeaccnenns
From chutes, conveyors, or slides.
From machines or work benches..
Frompiles....cuieoeiennanas
From racks and shelves......
From runways, balconies, ete
From scaffolds and staging...
From temporary floors. .....
From tramways and trestles.
From other elevations.....
Cavein of ditches.........co.....
8};){%“ tippin% over (not vehicles).

er falling objects
Total...euenesmneecuereccanresceannn 69 239 316 302 64 197
OBJECTS AND TOOLS BEING HANDLED.
Objects droppedin hand.lindgl. 160 40 305 106 214 215 49 41 97 10 301 719
Caught between object han
0 ject ........... . 69 25 121 138 129 83 41 20 85 12 149 38 380
89 8 125 72 100 94 26 24 27 14 138 53 366
e 2 1. 1 2 2 1 5
Handling sheet metal . 21 14 [ 103
Handling objects with protru . 2 1. 4 1 3
Handling other sharp objects 9 33 12 68 14 205
Handling trucks or barrows, collide with
T POISOI. e neiearneneaeonaaaaaeenesnne cereecnnee 2 1 ) I P RN PN D N P, [ 3 ORI 4
Handling trucks or barrows, collide with
(o]0 [T 2 R 3 1 3 1l........ . 1 - 25 PN ASPOUR | 6
Handlingtrucksor barrows, overturn....... 18 4 16 1 2 3 1 1 [ 7 TSR 5 6 25
Handling trucks or barrows, objects fall R
(0 11 T 3 5 6 12 8 3 3 2 2 1 9 5 . 46
Handling trucks or barrows, other acci-
eNtSeeernrcenanns cebeeseesteenssesseanan 7 5 18 9 1 10 9 4 9 6 28 10 134
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Tools in hands of worker:

Glance Orship...,....coveeeveerncannnn. 118 21 103 73 188 88 35 51 79 20 189 38 419
Break or comeapart................... Tleveeanannn 10 7 5 18 1 15
Objects fly from, not otherwise speci-

L 21 4 23 15 27 10 38
Objects fly from nails and spikes. . | 1
Objects fly from metalchips........... 54 8 44
Objects fly from stone or cement....... 4 feeeannnan 3

Toolsin hands offellow worker:
Glance orslip....cccieiineannncnnn.. 19 9 4 10 14 5 51 9 62
Break or come apart......... Sresennees 1 1 2 1 L ) PO L 3 PP 8
Objects fiy from, not otherwise speci-

Bed..oseeunraennnanns fcemeeceanes 3 1 £ 3 IO 4 b 1 6 |ieeaannnn L 4
Objectsfly fromnailsand spikes. .coeoo]eceeeeeen|oenecinnnfonaes PN PO PPN PPN FOP [N PRI FURIION P PO 2
Objects fly from metal chips...... . 1 3 2 19 2 9 1 5
Obiects flyfromstoneorcement........ 1l ... 1
Unclassified....ccouneeeniennnnnes 9 6 55

Total....... — ceverevaces RS 584 132 881 552 780 621 221 392 409 88 1,089 300 2,652

MISCELLANEOQTUS.
Asphyxiatinggas ..._....... [, . T6 feveeronnnn 27 1 | S PN R, eosaconnns 1 1 22 2 19
Coﬁi ........ 1 1 1 ) N IO 3
Doors, windows, etc... 1 10
Drowning 2 e L e P I T P I P 1
Flying objects, not otherwiseclassified 92 228
S 1

Nails and other sharp objects steppedon.. 6 80
Violence. I S P e 3 S N S SO - O A O L T T LE TPy 13
Striking against objects.................... 37 15 85 35 62 91 35 94 36 15 90 29 250
Unevenfooting....ceocoemoaeiiiaaanan, 45 12 84 19 56 23 2 10 21 20 66 30 149
Moving objects, not otherwise classified. ... 13 5 12 15 33 55 13 7 23 2 21 8 98
Allother. ... ooiiiiiiiiiiiiiiiiiiinnaen 20 4 11 15 27 9 3 3 1 3 25 6 56

Total....... teeecnacteeaannracannnan 414 91 452 266 331 288 117 130 301 89 549 185 1,018
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322 ACCIDENTS IN THE IRON ANDP STEEL INDUSTRY.

TaBLE 3.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND LOCATION OF INJURY.

BLAST FURNACES,.

Han-
i | Steam | Power | Hot | Falls : dling { Un-
. st Machin-| N Falling{ 3 2
Location of injury. appa- | wehi- | sub- of : objects | classi- | Total.
. ery. | ratus. | cles. |stances.|worker.|°PJeet: " anq" | fied.
tools.
Head:
Bye.ceeeianeieiainnnnn 195 284
Skull.............. 2 26
Other parts of head. 13 13 94
Face and neck........... 20 12 131
Trunk:
Back......cooiiiiiiils 65 3 117
B3 ] < e e T
Thorax........ 16 5 84
Abdomen. .. 4 1 20
Toin........ )3 N PR 16
) 4 . e - o i P [ 3
Generative organs...... [ 3 PO 7
Upper extremities:
Clavicle. ccoveeveeranaeerdunnrancs|oncoenas]oconeennfeaneesa 2 2l 4
Shoulder. ... 41, 3(15
21
2
1
2
43
38
117
21
194
20
2
1
49
1
Thumb and 4 fingers....|.cccocofovneeaeoeendevnncaderaceand 1 hoeeneiideanaaa.. 1
Lower extremities:
Hi 1 5 2 8
7
48
59
4
1
5
63
10t
266
11
110
8
3
97
2,128
BESSEMER.
Head:
Eye..ocovieiiiiiiiiis 2. 1 b N O, 1 3 48 75
0 ) 1 O s OO A O b2 RN PR N 2
Other parts of head. . 8 |........ 2 2 1 11 1 5 28
Face and neck........... Z: T PN SO ) T O SN 2 2 22
Trunk: :
Back....ooooiiiaiiiaa.s ) P S 11 b 35 PO, [ 1 23
Thorax. 40....... 4 9 11§ 1 4 1 34
Abdomen. - b 2 PR P 4 1 1 b2 9
L6 e oy Y PO N FU, 2 ... 2
Upper extremities:
Clavicle. ... 1
Shoulder. . 1
Upper arm . 1
Elbow.... 2
..... 1
2
9
8
25
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APPENDIX—DATA UPON WHICH REPORT IS BASED,

323

TABLE 3.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND LOCATION OF

INJURY—Continued.
BESSEMER—Concluded.
Steam | P Hot | Falls | e | v
. Machin m | Power o ) Falling | dUng n-
TLocation of injury. appa- | vehi- | sub- of : objects | elasgi- | Total.
Y. | ratus. | cles. |stances.|worker.|oP¥Ct.| Tang " | “Red.
tools.
Upper extremities—Concld.
Both hands...... 5
1 finger 57
2 fingers 7
3 fingers. 1
Thumb.. 18
Lower extremi
ip..... 2
........ 2 3
2 14
3 10
2
2
4
28
25
77
39
2
7
6
562
Head:
EYe.caiiinaaeaannnaaean b2 TSN F, 91 2 1 34 150 280
Skull........... . 6 |........ ) 1 TR A i T, 1 11
Other parts of head...... 23 |l 9 28 20 38 16 18 152
Face and neck........... 5 18 8 258
Trunk:
Back....... heeeanieanas 97 5 208
Vertebrae. ) N U 2
horax.... 15 12 138
Abdomen. 9 1 24
Grom..... 7 1 9
Pelvis..... N PO, 5
Generative organs 1 2 6
Upper extremities:
Clavicle. ..ovoieenenna.s k2 IR, R 3 | O PO, 1 7
Shoulder. . 3 10 16 10 10 1 55
Upper arm 1 3 2 PO, 3 1 10
Clbow. ... 2 3 71" 1 2 2 19
[+ SR QRS PR ) 1 O O P S e 2
Radius | S PO 1. 5f....... 2 1 10
Forearm [ 3 O 2 42 14 5 10 7 4
Wrist. .. 5 iciennns 2 9 15 7 14 3 55
Hand... 21 |ooeeene. 13 64 13 16 R7 15 223
Bothhands........c.coofeeenudaiiiini]naii.an b2 O VO R 1]eee... 22
1finger....oooeeeaiioaal| 108 fll..l.. 2 359
2fingers. ...o.oeveeielnn Il 2 40
3fingers............ 8
Thumb............. 97
Thumb and 1 finger.... 1
Thumb and 2 fingers. .. 2
Lower extremities:
Hi; 21
9
n
3
2
4
9
122
203
464
12
204
10
10
60
3, 362
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ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLiE 3.~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND LOCATION OF

cecsesee

INJURY—Continued.
FOUNDRIES.
Steam | P Hot | Falls ame | v
: ; eam | Power o a) ; ing n-
Location of injury. Mg;:hm- appa- | vehi- | sub- of (ﬁ)a-ggtlsg objects | classi- | Total.
Y- | ratus. | cles. [stances.|worker.{OP1C%! "and | fied.
tools.
Head:
EyeS..sieneiiacncnreenns 18 |eoee.ens covenese 2% 2 P 57 130 238
Skull........... b P ) 18 PSR IO MO 1 1 4
Otherpartsofhead 6 leeesen.. 2 5 3 9 8 4 37
Faceandneck.... ....... L I P, cevessen 20 3 3 10 4 49
Ba.ck ................ PN 8 leaeennes 1 2 3 6 37 2 59
. 3 N P, 2 6 12 4 9 2 46
. ) I PSRN S 1 1 1 5 1 10
. ceconean csvsncas 1 fieeances 11 1 13
cevnnesifeonacans OO PO NOTRUEN T A 2
U AV FOUPI PSPPI AP IR AP 1
cevcccsefeconcnniisesnnsne : 1 2 1 11
O PN PPN 1 3 1 8
cqessnee 2 1 6 3 15
) N P, 1]........ 2
2 4 4 3 28
4 1 13 5 31
4 7 52 9 104
P 3 PRI P LA PO, 5
2 14 147 10 267
1 2 1 12 2 33
ceemeaan ) S PR T PR PR PP 2
covnennn ceconenn 3 2 36 3 7%
Thumband2ﬁngers.... cevenens R (N N b I P . 1
Lower extremities: 4
39
33
2
1
4
46
74
240
7
135
15
5
1,649
Head:
Ey6..iiiiisesseceaennnns -3 P 41 [........ 2 33 119 203
Skull..ecieininanes . -3 PO, 2 feeeeneen 4 1 1 1 15
Other part§ of head...... 32 |iereenci]oonnnans 23 12 10 14 13 104
Face and neck. .. . 24 |........ 1 27 14 1 41 8 118
5 1 1 110
6 5 69
3 3 27
12
4
6
2
3
32
7
15
4
(]
2
45
36
176
ool 15
1 finger.... 4 254
21ingers...cceeceaenannen 9 2 13 feveennns 30
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APPENDIX—DATA UPON WHICH REPORT IS BASED.
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TABLE 3.-NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE TRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND LOCATION OF

INJURY—Continued.

HEAVY ROLLING MILLS—Concluded.

Han-
Steam | Power | Hot | Falls : dling | Un-
. P Machin- : Falling|
Location of injury. appa- | vehi- | sub- of s objects | classi- | Total.
ey | ratus. | cles. |stances.|worker.|oPJeCtS:| "ana” | “fied,
tools.
Upper extremities—Concld.
3 fingers. .. ) 3N DO S PN PR ) B PO 8
4 fingers. [P P I, coverrzalvocanzaa|oavenasn 1
Thumb....._....... cenee 1 2 3 31 1 67
Thumb and 2 fingers. ... U PRI P N PO R 1
Thumb and 3 fingers....|.ccuceeuferceeesfeanns RN PO ceenseae]ivenaean ) N PO . 1
Lower extremities:
i 2 1 1 7 1 12
2 1 ) N 1 5
28 5 8 9 11 i
0 3 5 16 61
. ) B 1 2
3 1 1 7
2 2 1 11
29 25 11 110
17 20 58 140
42 114 30 348
ceeresae 1leeeen.. 6
.......... 26 78 5 186
Great toe and others. 2 5 1 13
Other toes......... 7 P P 7 1 27
Unclassified.............. . 1 1 2 [eeinnnnn 12 20
Total..coemiecnannnnen 452 1 61 245 204 316 780 331 2,390
PLATE MILLS.
Head:
Eye.cceiereeneiacanienas 89
Skull............ 5
Other parts of head.. 60
Face and neck........... 67
Trunk:
B 87
Vertebrae. 2
Thorax.... 51
Abdomen. 19
Groin.._. 9
Pelvis 2
® Generative organs....... 2
Upper extremities:
Clavicle. ... 3
20
5
9
4
1
1
67
49
50

bula. .
Tibia and fibula.
Lower leg..... .o
Ankle...
Foot.......
Both{ieet..

8

csevenae

E SmaBBad

[y
s
WL

Bl oweSaBegiand

=
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826 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

T4BLE 3 —~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND LOCATION OF

INJURY—Continued.

TUBE MILLS.

Han-
.| Steam | Power | Hot Falls s dling Un-
n tni Machin-| Falling | 3% :
Loeation of injury. appa- | vehi- sub- P objects | classi- | Total,
ey erY- ) ratus. | cles. |stances. worker. objects. "ond | fied.
tools.
Head:
Eye........ .............. 13 43 80
[31:47) MU ) N O 3
Other parts of head...... 2 3 17
Faceand neck........... 2 3 24
Trunk:
Back.....oooiiiiiiiiiia. 7 4 29
ThoraX...cveeeeeeanaannnn 12 2 27
Abdomen........c....... 5 1 8
Groif..coooveiiiininnannn 9 9
Pelvis.cceeeieannnnnnnnn 1 1
Generative organs....... weean 3 6
Upper extremities:
Clavicle. .. 1
8
6
1
3
17
9
53
6
81
13
1
22
Thumb and one finger...J........[.eeeean] 1 leoiiiii]oeieiiiiiiiidannii, 1
Lower extremities: 6
2
16
n
1
1
1
17
14
81
3
29
Great toe and others. ... =l
Other toes......... 3
Unelassified......c.c..oocnn.. . 10
Total....cceevennannn... 19 ........ 9 54 38 64 221 17 622
SHEET ROLLING MILLS.
Head
Eye. coeiiiiniiiiiinnn. 25
Other parts of head . - 8
Faceandn 15
18
13
8
5
7
9
72
38
65
6
89
10
3
1
21
Hip 4
Upperleg................ -2 R P L ) PN R, 3 1 10
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APPENDIX—DATA UPON WHICH REPORT IS BASED, 327

TarlE 3.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE TRON AND STEEL INDUSTRY, 1015 TO 1919, BY CAUSE AND LOCATION OF

INJURY—Continued.
SHEET ROLLING MILLS—Concluded.
8t P Hot | Falls g&%‘ U
: eam ower 0l all 5 n-
Location of injary. M:"hm' appa- | vehi- | sub- of g‘}?%ggsg objects | classi- | Total,
*Y- | ratus. | cles. |stances.|worker.| °P¥®¢t "and | fied.
tools.
Lower extremities—Concld.
. N 34
Tibia. 1
ibula.......... 2
Tibia and fibula 3
Lower leg 22
nkl 62
Foot.... 135
Both feet. 1
Great toe 27
Unclassified. 1
Totaleeeueeeiniiennnns 715
Head:
L0} 278
Rull............ . 5
Other parts of head....... 43
Face andneck........... 81
33
36
4
4
1 2
3 10
7 14
3 14
1 2
1 2
2 2
8 18
6 15
32 78
162 324
24 39
3 4
1 1
35 59
2 6
3 5
16 34
It 53
1 2
4 5
16 43
18 . 55
42 | 159
2 135
Great toe and others.. ... 6| 15
Unclassified. .............co o f-eeeens. 4
Totaleeeeveeeiienaae.. 520 .. ..... 13 41 94 197 409 301 1,584
ELECTRICAL.
Head:
Eye. civeeiniineieienannns )11 28 RN PR, 100........ 1 8 31 60
Skull......coveeniaa.o... 3 b2 FUSUURUIN SO R .o 5
Other parts of head 5 3 1 1 45
Fl;ace and neck........... 5 [ 21 PR PN 2 29
nk:
Back......cooeeeieioa... 5 15
ThOraX.eeesvveusvuceaannn 12
Abdomen................ 1 3
TOIM.eeeeereereainaannen []
PelviS.eceerriianninnnnnn 1 2
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328 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 3.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND LOCATION OF

INJURY—Continued.
ELECTRICAL—Concluded.
Steam | P Hot | Fails e |
. R Machin-| am owpr O al Famng _mg n-‘
Location of injury. appa- | vehi- { sub- of objects | classi- | Total.
ery. | ratus. | cles. |stances.|worker.|OPects. tang fied.
ools,

Upper extremities:

b..
Thumb and 1 finge:
Lower extremities:

O

- o et -
Rk RERBormbBErme mRraBadSomwnomom

489
Head:

Eye.eeaaaaai.. . 1 73 228 447
Skull.......... 1 ) 1 PO 12
Other parts of head.. 41 17 21 118
Faceand neck........... 4 33 11 128
BacK..covoveeanneaonnnnn 10 1 2 2 21 7 84 5 132
Thorax.... 28 6 19 7 74
Abdomen... 1 1 [ 2 . 20
Groift.......... 3 1 28 2 35
Pelvis......ccca.... 7 P ) ) PO, 4
Generative organs 2]eeenans L ) PO 6

Upper extremities:
Scapula......... PO ) PO SRR U SOOI R | N O 2
Clavicle.o.cooveveciaie 2 iccieia]ecnnenndfocenana]  Tlicaaols 2 eeeedons 5
Shoulder 10 15 9 67
Upper arm 2 1 4 13
Elbow....... 4 12 8 44
8] 7: RN PO PP (R Moo - N ) I PO, 3
Radius..coooveenneneney 4 iieiald 0 Lhoaaiin] 0 3 eeeennns | 15 PO 9
Ulnaandradius.....c...]  Lieecoeeidevvenneifoenees] 3 eenaen.. ) N PO 5
Forearm 5 14 3 59
Wrist..... 3 23 4 70
Hand........ 10 123 9 145
Bothhands....eeveeeeea]  1eceiiiiifocnnanas]  THeeevaefeecreci]oennannnn 1 9
1 finger.... 25 213 7 395
2 fingers. 6 22 2 48
3133 7o) 1Rt A o e i S P ) P, 4
4 fingers. .. O P 4
Thumb......cc..c.c... 5 62 4 126
Thumband 1 finger-....] 3 |..ccccifeeereancfeccaneafecceaecdeaannen 2 fecvennnn 5
Thumband 2 fingers....|  Lli.coeeiifaeeceerifomacnncd] 1 emeeniifemaecani]ocaanaas 2

Lower extremities:
1 1 2 13
................ 1 4
7 20 15 85
8 25 24 93
........................ 4
1 ) ) PO 7

Digitized for FRASER
http://fraser.stlouisfed.org/

Federal Reserve Bank of St. Louis




APPENDIX—DATA UPON WHICH REPORT IS BASED.
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TABLE 3.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE TRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND LOCATION OF

INJURY—Continued. .
MECHANICAL—Concluded.
Steam | P Hot | Falls s | ©
: - Machin-| 2team | Tower o als | ralling| $10E ot
Location of injury. appa- | vehi- { sub- of s objects | classi- | Total.
Y. | ratus. | cles. |stances.|worker.|®P#CtS.| "ana” | fied.
tools.
Lower extremities—Concld.
Tibiaand ibula.........|  6l........] 4.0 1] lijeo...... 1 13
Lower leg...... 16 7 7L
Ankle..... 9 57 133
Foot....... 142 83 428
Bothfeet..cceraeneaeeass]iennenca]eanaaasd 1 21ccai] Ll deeioia.s 4
Greattoe.......... 107 6 193
Great toe and others. g ........ 12
........ 9
........ 28 31
638 1 52 184 294 384 | 1,089 549 3,191
YARDS.
Head:
Ey€cecanesireaoacacannns 1 [ PPN PO 12 86 108
Skull...cooeen.nn.. 2 P FO P PR 1 4
Other parts of head.. 20 3 3 7 6 4 50
Faceand neck.e..uon.... 9 11 5 1 8 3 42
Trunk:
BacK.eeosreresnnarennnn 31 P, 19 2 6 5 [:1:3 PO 70
Thorax.. 1 2 6 60
Abdomen. 1 7
..... 8
......... 3
Generative organs 4
Upper extremities:
Clavicle. ...... 2
28
6
4
2
5
2
14
19
71
2
150
22
2
41
1
7
6
45
38
3
3
5
54
82
202
3
98
9
7
12
1,301

71087°—22—-22
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ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TapLe 3,—~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE TRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND LOCATION OF

INJURY—Concluded. .
UNCLASSIFIED.
Steam | P Hot | Falls dims | v
: eam | Power of a) : ing n-
Location of injury. Mztrahm— appa- | vehi- | sub- of f,?-lét’ésg objects | classi- | Total.
Y- 1 ratus. | cles. |stances.|worker.|®PIeC%: Tand | fied.
tools.
Head:
Eye...oooiviiiianiinn.. 86 1 1 78 2 3 85 250 506
Skull........... 6 1 2 e 7 4 1 2 23
Other parts of head. 37 1 17 35 32 35 27 37 221
Face and neck 64 3 7 104 24 9 63 25 299
Trunk:
5(1) 14 223 11 36{1)
59 9 65 17 232
5 6 18 7 64
3 2 56 5 69
) 3 P b CO 7
f4 4 2 6 1 15
Upper extremities:
Scapula. ... ioieeii... 1 1 1 3
Clavicle. . 1 1 1 5
Shoulder 0 40 0 119
Upper arm 3 3 30
Elbow...ocveiueeneana . 104l 30 21 11 |eeeane.. 2 54
Ulna. .. 8
Radius........ 14
Ulna and radius. 5
Forearm ...... 203
Wrist........ 175
and........ 602
Both hands.. 21
1 finger...... 899
2 fingers..... 112
3 fingers..... 15
4 fingers....... 7
umb............ 267
Thumb and 1 finge 2
Thumb and 2 fingers. . .. 3
Thumb and 38 fingers. ... 1
Lower extremities:
ip.. 44
IP_‘Iemuri 1%3
r o
Klr)xg:. - 176
Tibia.. 14
ibula........... 7
Tibis and fibula... 25
Lowerleg............ 277
Ankle... ... ... ... 312
Foob... ceeeemiiiaaaaaans 1,134
Bothfeet........cocee... 16
Greattoe................ 506
Great toe and others. ... 23
Othertoes............... 16
Unclassified.........coeunnen 102
Total. ..oooemiiiannns 1,211 12 213 644 553 891 2,652 1,018 7,172
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APPENDIX—DATA UPON WHICH REPORT IS BASED, 331

TaBLE 4—~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND NATURE OF INJURY.

M ’ BLAST FURNACES.
s P Hot | Falls ame | ©
. team ower 2 . ing n-
. Machin-| : Falling < .
Nature of injury. appar- | vehi- | sub- of . objects| classi- | Total.
ery. | “atus. | cles. |stances. worker.|PJCtS:| “ang”| fied.
tools.
Abrasion....ecoeeiuail i *193
Bruise. .... e 528
[ S 1
Laceration. 313
Puncture. . 64
Burn or scald 426
Concussion 2
Dislocation 9
racture. .. .................. 210
Sprain or strain (not hernia). 19)
Accidental dismemberment.. . . 13
Nervousshock............... . . . 2 2
Abrasion with infection...... 24
Cut withinfection........... . 1
Laceration with infection. 10
Puncture with infection. ..... 3
Burn or scald withinfection. 4
Fracture with infection...... 2
};I:;ﬁia. serereraneneieeeaees 7(5)
yxia.... .
Electric flash. .......ccvenn.. 19
Crushinginjury.............. 22
Electric shock . ceeed 1
Lossofteeth.......cooeueene. 1
Unclassified.........cooo.... 12
Total..oeeeeaanennann... 153 3 149 436 199 190 584 414 2,128
Abrasion. ...........c.ee.... 2 43 49
Bruise_.... P 48 10 137
Laceration. . 28 15 93
Puneture.......c.ceeeeeea... 8 1 10
Burnorscald................ ¥ IO 1 1 120
Dislocation. . [ FOUUR FOTRDON FORPRRPN ORIl I SO PPN 1 3
Fracture..................... . 2 74
Sprainorstrain (nothernia)..|........J........l 1.l 11 31
Accidentaldismemberment.. 5
Abrasion withinfection...... 8
Laceration withinfection.... 5
Burn or scald withinfection. 1
Hernia......coeveveeencenns 1
Crushinginjury. 23
Heat exhaystion. 1
Unclassified. . ....ocvuaenraen 1
Total...ooiciaiaanas 54 1........ 49 120 47 €9 132 91 562
ABrasion.......occeaciiaaoa 176
Bruise....... e 852
Cut......_. .- 2
Laceration. 689
Puncture. .. ... .- 66
Burn or seald.. .- 765
CONCUSEION « + - cveeeeereenens 4
Dislocation. . N I T PO Y B P N 3 PE IOy Y N 7
Fracture......ceoceenneneaeen 7 298
Sprain or strain (not hernia). 299
Accidentaldismemberment. . 21
Nervous ShocK. .......ooeeeusfoanaen.. . 3
Abrasion with infection...... 2. 37
Laceration withinfection. ... 1 10
Puncture with infection.....|........ 3
Burn or scald withinfeetion.|........ 6 |. 6
Eernia ...................... 8 1 22
sphyxia.... . . R

Elgctlyic i £ D O 1 i8
Crushinginjury . 53
Heat exhaustion 17
Electric shock . 1
Unclassified. . . | 1
Total.. ..ooooieeene... 403 §.......n 202 781 282 361 881 452 3,362
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332 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

Taple 4.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND NATURE OF

INJURY—Continued.
FOUNDRIES.
Steam | P Hot | Falls ame | v
s am | Power ot al : ing n-
Nature of injury. Mg;zhm— appa- | vehi- | sub- of OF];%lcng objects | classi- | Total
V- | ratus. | cles. |stances.|worker.|9PI%S:l “ana | fied.
tools.
Abrasion.. 37 1M 196
Bruise. ... 186 32 518
Laceration 172 29 374
Puncture.... 20 42 64
Burnorscald.....c.ccooeeeeid) 2 iiiiiiifiannaied] 160 feeiiinii]eiciiiai]ennanann 1 163
Dislocation.. 1 feeeeenss 2
Fracture 42 6 147
Sprain or strain (not herma) 68 23 1i8
Accidental dismemberment..| 4 |...icoiifiienieiciienienenii]irniiei]ecenceea]eneeanns 4
Abrasion with infection. . ... g li
2
2
13
1
. 6
Crushing 1nJury . 19
Heat exhaustion.. ceeeeeaeeesfeaeeeasfaennanefoarecnedeneeaedoceaenec]ocnineifoneanaas 2 2
Total.enecireeeonannenn 552 266 1,649
Abrasion.......ceeeeeeinna. 13 99 141
Broise......ccocaue. 283 55 724
Laceration........ 219 55 539
Puncture.......... 13 13 33
Burn or scald...... 1 5 232
Concussion. . ...... ) N 3
Dislocation........ L P 7
Fracture........ccoooeeaen.. 96 13 326
Sprain or strain (not hernia). 118 63 240
Accidental dismemberment..] 1l ji...cccfevenncnifencanaforaaaaed 2| 4ol 17
Nervous shocK......ocvneeeel 1 |eecneiec]emmacecfamaeaed 1 eciiim i omenececfennnannn ]
Abrasion with infection. 10 11 22
Laceration with infection 2 2 7
Puncture with infection. 1 1 2
Burn or scald with infect: 4
Fracture with infection. . 2
A ——— 1
sphyxia....cooo...

Electric flash................ 20
Crushinginjury............. 46
Heat exhaustion . 10
Loss of teeth........ 1
Unclassified....cooneennnnn.. 4
Total.ocoeeieninnnnnn.. 452 1 61 245 204 316 780 331 2,390
68
598
2
532
101
151
2
7
164
160
15
1
12
Cut with infection....... 1
Laceration with infection....|-...... 4
Puncture with infection. 3
Burn or scald withinfection.|.......ocivioiovaacd]  THeaioiiii]omemneiforenanss 1
Hernia.... 7
Asphyxia. N R 1
Electric flash 18
Crushing injury 18
Heat exhaustion 17
Loss of teeth. 2
Total.seeeenerannnonnnn 372 |........ 20 162 120 302 612 288 1,885
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TABLE 4.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENT IN
THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND NATURE OF

INJURY—Continued.

TUBE MILLS.

Nature of injury.

Hot

stances.

Han-
dling

Ing| ohiects

tools,

Un-

classi-

fied.

Total.

Concussion.. .
Dislocation..

Sprain or strain (not herma)
Accidental dismemberment..
Abrasion with infection......
Laceration with infection..
Puncture with infection. ....
Burn or scald with infection.

Hernia
Electric flash. .

Crushing injury.
Heat exhaustion.
Unclassified....covvvevennn..

0O O 1t 1t ST AT

fd
N
N

Fracture
Sprain or strain (not hernia).
Accidentaldismemberment. .
Abrasion with infection

Burn or scald withinfection. .
Hernia......ococvnanaann

Asphyxia.._.....
Electrlc flash.
Crushing in, ury. ..
Loss ofteeth... .
Unclassified.....ccoeeenen..

w
PN

8B.2a8.E8

[y
-1

% Ni—‘gh‘l—'#l\?ﬁﬂo

Nl

Dislocation....
Fracture......c.covenennna..
Sprain or strain (not hernia).

Accidentaldismemberment. .
Abrasion with infection......
Laceration with infection..
Puncture with infection.
Hernia......
Asphyxia....
Electric flash. .
Crushing injury.
Heat exhaustion...
Electric shock. ..
Lossofteeth................

58

i BB s cotomaes

'S
8
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334 ACCIDENTS IN THE TRON AND STEEL INDUSTRY.

TsBLE 4—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS IN
THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND NATURE OF

INJURY—Continued.
MECHANICAL.
Steam | P Hot | Falls dibe | ©
in- am | Power o i ling n-
Nature of injury: Mgfhm appa- | vehi- { sub- of g{?’elé?sg objects | classi- | Total.
Y- | ratus. | cles. [stances.|worker.]®P¥®%%| “and | fied.
tools. .
Abrasion.....cceceuenenen eeen 48 191 335
Bruise........... 342 79 903
Cut....cooonuun-n 1leeenn... 1
Laceration....... 302 57 727
Puncture...... 49 68 127
Burn or scald.. 4 6 204
(07035 TR EcEc3 1 R F PRy ) RO Se PO Pt I s 2
Dislocation .. 2 4 17
Fracture. .- 111 9 339
Sprain or strain (not hernia). 138 72 303
Accidental dismemberment. . 10 feeennnnn 29
Nervous shock.........o..... 1 3 5
Abrasion with infection.. 19 30 62
Laceration. with infection.... 15 2 19
Puncture with infection..... [ 3 P 6
Burn orscald withinfection..|........|..coooioeaviiid] 2 feiniiiiiiiiiidieii el 2
Hernia....coveennn.n 24 1 26
X550 10p-< - WNRDIRNUNN IR PRI PR (R R PR PR 19 19
R YA GTR e 1Y) AR RPN SRR R I A FORPOROR PO R 7
Crushing injury. 16 1 48
Heat exbaustion.........o. oo iioraiiiiomeeanommeeaneencnendfeeeanen 6 [}
Electric shock. 1
Loss of teeth 1
rosted.... 1
Other.....ovvuiniiiviniannnan 1
2 4171 D, 838 1 52 184 294 384 | 1,089 549 3,191
88
430
255
26
49
1
]
Fracture... - 186
Sprain or strain (not hernia). 152
Accidental dismemberment.. 12
Nervous shock............... 1
Abrasion with infection. . 21
Laceration with infection.. 2
Puncture with infection. 2
Fracture with infection. 1
i 9
2
2
50
4
1
1
Total ....c.......... 101 |........ 487 51 Vel 104 300 185 1,301
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Tasle 4.—NUMBER
THE

OF CASBES OF ACCIDENT

335

IN BPECIFIED DEPARTMENTS IN
IRON AND STEEL INDUSTRY, 19I5 TO 1919, BY CAUSE AND NATURE OF

INJURY—Concluded.
SHEET ROLLING MILLS.
s P Hot | Falls de | ©
s team | Power of s ing n-
Nature ofinjury. Machiny o { vehi- | sub- of gggglcltl:sg objects| classi- | Total.
ery. 1 ratus. | cles. {stances.| worker. | "and | fied.
tools.
Abrasion.....o.ooiiiiiiiiii] 2 liaiiiecdfonccnsce]icvennea]osciise]easinieerinanas 11 13
Bruise...... 68 5 138
Laceration. . 227 93 358
Puncture. ... 5 3 8
Burn or scaid. b N P 42
CONCUSSION e - ceveeeannacaccac]oanancaalencscccclencnsees]eveceece]  Flocerniiforeeaeidonnnnnns 1
JEHC:R710 DR SRR MANPOIIPIN PRI ORI IR A IO RO N 1
Fracture 12 5 ] 34
Sprain or strain (not hernia) 46 11 76
Accidental dismemberment . 4 1 14
Abrasion with infection...... 15 f...ennns 15
Laceration with infection. % ........ é
I3} P, 5
3| 1% 715
4 1 9 9 53 207 334
89 |eeenenn. 201 500 91'{ 1&3 2,283
2 112 187 808 193 1,741
1 1 1 5 s 103 202
Burnorseald............... 35 8 leeennees 505 11 1 11 12 673
CONCUSEION .« e eemvaennenennenn | 1 PP R S .es 3 ) U coemenne 8
Dislocation.....cooeonienans 5 27
Fracture .. ...coveveeennnan.. 648
Sprain or strain (not hernia) . 751
Accidental dismemberment . 69
Nervousshock......oooeaee. 2
Abrasion wiih infection. 80
Gut with infection........... 2
Laceration with infection.... 11 43
cture with infection. . .. ] 1 12
Burn or scald with infection. 2 19
Hernia. ...oeenveceeenaneanen 2 49
VKB o vveaannnnannnnnns 22 | 22
Flectricflash...ccoomevannan.. 1 23
Crushinginjury._............. 4 114
Heat exhaustion............ 38 | 38
Frosted.......covviiiiannnns 2 2
Other....coveminennennannas 23 20
Totad...coeeienoaaaaess 1,211 12 213 614 553 869 | 2,652 ] 1,018 7,172
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336

ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

TaBLE 5—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND RESULT OF INJURY.

BLAST FURNACES.

Han-
. | Steam | Power|] Hot | Falls : dling | Un-
. Machin- B Falling| -
Result of injury. appa- | vehi- | sub- of : objects | classi- | Total.
Y. | ratus. | cles. |stances.|worker.|oPIeCt: Tahq | fed.
tools.
Death...cveveireiniacaanannns 9 2 15 13 4 4 1 11 59
Permanent disability: Loss
Botheyes ............... b 3 [ R 1
lhand....c........ 2
1leg.eciecncnnn... 3
1100t.ceeeieenenn.. 1
leye.---veoeeannns 10
1thumb....... 2
t finger...... 11
2 fingers. ... 3
8 fingers..... 2
4fingers.....c..... 1
Thumb and 1 finger. 1
Thumb and 3 fingers. . 1
Great toe 2
Any 2 toes 1
Allother 1
Total. o.coevirienaanans 19 [........ 3 5 4 1 7 3 42
Temporary disability, termi-
nating in—
Ist week...ooioi oLl 85 76 305 302 1,020
2d week. .. 35 41 114 54 379
3d week... 17 20 71 19 220
4th week. . 14 11 30 10 120
5th week.... 13 14 21 8 104
6th-13th week. .. 23 14 26 6 136
14th week and later. 3 9 9 1 47
Allother.....ovveeenn.n. ) U PN RO (N 1
2,027
2,128
15
1
2
8
1
3
1
16
Temporary disability, termi-
nating in—
I1st WeeK..c.vvereneannnns 4 ..., 13 40 12 26 50 60 215
2d WeeK..ceviiiiniinnnnn 8 leavennen 6 13 4 8 25 12 76
3dweek..covivniiaannn. 2 |eeennenn 5 13 4 10 16 6 56
4th week....oooooonnn.. i PN P, 13 5 7 14 1 47
Sthweek......oooounnnns [ 3 PO, 3 6 4 4 5 3 28
6th~13th week........... | I P, 9 23 12 4 13 ] 76
14th week and later...... L 2 PR 5 6 6 5 5 2 32
PN 1T RPN (R F Y R R PO, ) U PO 1
TOtaleeenrnnernnnnnnnn Py | a| 14 47 65| 128 90 531
Grand total............ 54 ‘ 47 69 562
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APPENDIX—DATA UPON WHICH REPORT IS BASED. 337

TABLE 5.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND RESULT OF INJURY—

Continued.
OPEN HEARTHS.
Steam | P Hot | Fall dime | ©
. | Steam | Power o alls : ing n-
Result of injury. Mzchm appa- | vehi- { sub- of gg‘lelg%sg objects | classi- | Total.
TY- | ratus. | cles. |stances.|worker. ™% “and | fied.
tools.
47
1
1
1
4
[
9
26
3
1
1
g6! 1
Thumb and 4 fingers 1
Great toe.. 2
2
59
1,570
570
376
210
172
285
72
1
3,256
3,362
Death........ ceremveeaennaan 4] ‘ ........ 3 * 1 2 ] ........ l ........ 10
Perfmanent disability: Loss
of—
1
i
....... 1
-------- 5
11
1
3 fingers N P O P 1
Thumb and 4 fingers. ...| ¥ ]cccoioiibieeoioaidenaoa, L
Great toe..cceennvinneenfonenniforiniifiiiiienns ces 1
F G Y- R O ) P, E I DO PO, 1
Total.eoriaraneennanns | 28 PR PR 1 2 6 3 24
Temporary disability, ter-
minating in—
1st week...... reseneecnns 116 [.ceuen-n 7 58 39 86 282 182 771
2d wWeeK.eriiarieiononns 56 |eveeecen 4 34 14 52 132 54 345
d week....oveeiaanannan 35 |.ciennn 4 20 7 30 53 8 157
4th week. ....cc.oceeeen. 38 [oeennene 2 14 4 26 4 108
5th week. . ........c.o... 2l oooe.en 2 10 2 11 18 4 68
6th-13th week........... 38 |.aeenes 2 26 8 20 32 8 143
14th week and later...... | PR [ 3} P, 7 3 3 23
Totaloeeueeeeeenenennnn 308 |........ 21 167 75 235 516 263 1,615
Grand total............ 324 [........ 21 170 77 239 552 266 1,649
»
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338 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 5.—-NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
TRON AND STEEL INDUSTRY, 1915 TO 1319, BY CAUSE AND RESULT OF INJURY -

Continued.
HEAVY ROLLING MILLS.
Steam | P Hot | Falls di | w
. Machin- ©'03m | Tower by Falling | S0 n
Result of injury. appa- | vehi- | sub- of s objects | classi- | Total.
et eI¥. | ragus. | cles. |stances.worker.|®P1€etS Tangd | fied.
tools.
2
2
4
3
4
8
6
29
8
3
1
11
3
82
Temporary disebility, ter-
einatling in—
1sl week 140 |........ 14 110 100 148 410 A7 1,131
2d week. .. 65 1 7 42 30 51 140 39 375
3d w R R - PO, 3 23 19 2% 72 17 207
4th week. . b O . 1) 16 8 22 39 13 7 141
5th week. .. 89 (. ... 4 12 2 22 | 31 8 118
6th-18th week. . Wl 0 22 36 34 36 27 244
14th week and 1ater B ........ 4 el 8 12 13 A 70
Total...oooeienannnn. 3 i 18 236 203 307 761 327 2,286
Gramd total............ 452 1 61 245 204 316 780 331 2,390
PLATE MILLS
Death. . coievanineeacnnnns (520 DRI PR, b 28 RN RO RO l 2 l 10
Perfmanent disability: Loss
of —
.................... 3 PSRRI FUSUORIE I PO, ) B PPN PP 3
. 3 7
. 9 13
. 1 1
Loe . 2 3
Any {wo toes.. R 2 3
Total.... 19 4.caiins [ O . 3 8h......] 30
Temporary disability, ter-
minating in— |
1st week . 64 150 360 151 989
2d week. €0 59 115 4 333
3d week R 33 44 24 170
4th week 10 16 26 8 99
Sth week . 5 12 19 9 72
6th-13th w 1 21 45 9 147
14th week and 2 8 4 4 35
Total....covnveeenn... 120 299 613 286 1,845
Grard to'sl............ 0| 3] oe21| =8| 1,88
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APPENDIX—DATA UPON WHICH REPORT IS BASED. 339

TaBLE 5,—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THY
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND RESULT OF INJURY-—

Continued.
TUBE MILLS.
8 P Hot | Falls e | v
s team | Powser o al i in; n-
P Machin- B Falling ©
Result ofin; . appa- { vehi- sub- of aobj ects classi~ | Total.
oy ery. | thRs. | Cles. |stances.| worker,| oPlects:| ©20g fied,
tools.
L 3% PR P 1 : N PO 1 2
Permanent disability: Loss
Both eyes.... 1
le Ke ..... 2
1 thumb.. 5
1 ﬁnger. . 14
.......... 4
Thumb and 2 fingers. 1
ADY 2 608Seeeensnananns 2
29
21 9 18 (] 59
13 11 17 53 24 137
8 5 1 26 10 70
3 1 5 24 6 51
2 3 5 9 3 31
4 5 4 23 [ 60
2 2 3 3 3 5 26
97 |eeeennnn 7 53 37 63 214 113 584
119 | 9 54 38 64 221{ 117} 622
FABRICATING.
1
2
5
34
3
1
2
2
50
Temporaty disability, termi-
nating in—
1st week. . 44 68 173 232 657
. 19 58 111 46 391
. 7 48 10 180
. 7 30 5 84
. 4 21 4
. 9 16 20 1 91
. 2 3 2 leeienane 20
.................... ) I PO PO PR, 2
......................... . 93 192 405 208 1,525
............ 529 oeeennn. 13 41 l 94 ‘ 197 400 301 1,584
ELECTRICAL,
4 2 et 1 12
1 1
ceeenone 1
4
3
1
1
Total.......... cereanes 10 PR PO | 35 PN P 4]...... 11
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340 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 5.—NUMBER OF CASES8 OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND RESULT OF INJURY—

Continued.

ELECTRICAL—Concluded.

Han-
s | Steam | Power | Hot Falls < dling | Un-
s Machin- 3 Falling| 5.: N
Result of injury. appa- | vehi- | sub- of Y objects | classi~- | Total.
) Y. | ratus. | cles. |stances.|worker.|oP¥eCtS: “ang” | ‘fed.
tools.
Temporary disability, termi-
nating in—
Ist week...ovvuvieinannns 65 31 38 7 243
77
44
22
21
50
9
466
489
30
2
2
6
6
4
19
2
1
2
44
Temporary disability, termi-
nating in—
Istweek...oovueeaaoaen 183 24 32 45 148 118 587
75 6 14 15 49 27 200
44 5 12 5 28 8 115
31 5 5 7 18 6 78
22 3 3 10 17 4 65
68 8 6 16 30 11 146
20 foooaool. 1 4 4 3 36
87 [ceennno. 443 .51 73 102 294 177 1,227
101 |........ 487 51 73 104 300 | 185 | 1,301
MECHANICAL.
Death....oovuuieeaaannnnnn. 8 Jeenene. 2| 3 5 2 1 2 23
Permanent disability: Loss
lthand....cocovieviannan. 2
1leg. iciriiiriniiiinen]erennns 2
{075 AR PR 2
leye....covvennnns 13
1thumb........... 11
1finger-....... 1 28
2 fingers....... 4
3fingers.. .......... 1
Thumb and 1 finger..... 2
Thumb and 2 fingers. . .. 1
Great to€...coeeeennana. 3
Total.e.vieenenuaaannn - 2 R b2 N R 2 25 7 69
Memporary disability, termi-
natingin—
1st week 14 78 135 182 537 304 1,618
24 week... 9 41 53 62 215 69 544
3d week. .. 5 24 25 40 107 34 294
4th week . . 4 13 16 37 72 13 202
Sthweek.. ............] 4l liiiiii]eeaean.s 12 7 17 45 8 130
6th-13th week 9 11 38 36 83 19 256
14th week and later 7 2 15 6 4 3 55
Total. oovevnecncnannns 48 181 289 380 | 1,063 540 3,009
Grand total....... ceeus 638 1 52 184 294 384 | 1,089 549 8,191
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TABLE 5,—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY CAUSE AND RESULT OF INJURY-—

Concluded.

SHEET ROLLING MILLS.

Result of injury.

ery.

Machin-

Steam | Power | Hot Falls
appa- | vehi- [ sub- of
ratus. | cles. [stances.|worker.

Falling|
objects.

Han-
dling
objects

tools.

Un-
classi-
fied.

Total.

. 8
5th week_ ... . 30 4 32
6th-13th week. .. . 32 16 67
14th week and later...... 4 .. 11
Total....onuneeennnnss 39| 38| 120] 699
Grand total............ 40 392 1 130 ‘ 715
UNCLASSIFIED.
68
4
3
7
&
18
22
60
. 8
2
3
2
Any two toes. 6
All other 1
141
Temporary disability, termi-
natingin—
Ist week. ... ....o.o..... 426 3 70 266 242 379 | 1,292 609 3,285
2d week. . 233 2 40 133 116 143 53 174 1,377
3d week.. 128 2 24 112 60 109 305 84 824
4th week. . 85 fouennsnn 22 42 37 67 137 46 436
Sthweek............_... 76 [ooeeae.. 11 22 26 48 141 27 351
6th-13th week . .......... 141 1 20 45 49 96 183 43 578
14th week and later...... [ 5 12 13 14 18 14 112
Total....ooveeenennn.. 1,125 8 192 632 543 854 | 2,612 997 6,963
Grandtotal............ 1,211 12 213 644 553 869 { 2,652 | 1,018 7,172
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TABLE 6.~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPART]:\[INE}%I‘E YIN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION OF

i Heavy ; s ; N
; Fins Blast | Besse- | Open- | Found- : Plate | Tube | Sheet | Fabri- | Electri- | Mechan- Unclass-|
Location of injury. furnaces | mor. | heatths.|  ties. ig};ﬁg mills, | mills. | mills. | cation. | cal fcal. | Yards. | “igeq. | Total
284 75 280 238 203
26 11 4 15
94 23 152 37 104
131 2 255 49 116
Back. ..eviiiiiiiiieeiittaiiiiii e 117 23 206 59 110
VOrtebra ..ooveeniiieiiiraciecieinecnnnn .- ) POROTRTIEN RS UUPOUU IOURR
ThoraX,external.......c.ceeieeeeannnnnnn.. 83 2 135 46 a9
Thorax,internal. ... ..c.cooeeienininn... 1 2 k3 FOUUU SO,
Abdomen, external .. 19 8 20 10 24
Abdomen, internal. 1 1 - N 3
Groin 16 2 9 13 12
Pelvis... . b 1 P 5 4
Generativeorgans............ccceoenuenan. T leeenaenan (-3 O 6
Upper extremities:
Seapula.... ..ot IS FRUPUTITEN PO FRPRRR 1 2
Clavicle...... 4 1 L 3
Shoulder. . 31 11 50 10 31
Humerus.......oooooiiiiiiiiiiiiiiiiiei e e, 5 1 1
Upper arm 6 1 10 8 7
Elbow.. 21 2 19 15 15
Ulna.. 3 I b2 I 4
Radius.... 1 i 10 2 6
Ulna and radius. 2 b2 PR 2
orearm.... 43 9 84 28 45
Wrist. 38 8 31 36
Hand... 117 25 229 104 176
Both hands. 21 5 22 5 i5
1 finger.... 194 57 359 267 234
2 fingers. 20 7 40 33 30
3 fingers 2 1 8 2 8
4 fingers ) O PO, N P P 1
Thumb.......... 49 16 97 76 67
Thumb and 1 fingder. . .- ) 3 PR ) N P PR
Thumb and 2fingers......c.coooiiiiomoiifenennaceonanenen. 2 1 1
Thumb and 3 fingers. . .......ccoveeemeeeadvanioeeedemnneeaideaeiiidoiil. 1
Thumb and 4 fingers............occeeeenn. O ) S (s ..
Lower extremities:
b SO 8 2 21 4 12
Femur... e 7 3 9 2 5
Upperleg.... 48 14 71 39 71
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5 10 73 33 61 43 1 34 53 12 93 38 176 696
4 2 2 2 2 1 1 1 2 P, 4 3 14 38

1 2 1 1 7 8 1 2 5 1 7 3 7 4

5 4 9 4 11 4 1 £ 3 T 5 13 5 25 89
63 28 122 46 110 65 17 22 43 12 71 54 277 930
101 25 203 74 140 84 14 62 55 37 153 82 312 1,322
266 77 464 240 348 321 81 135 159 4 428 202 | 1,134 3,809
U eeen-n.. 12 7 6 7 3 | 3 PO SO 4 3 16 70
110 39 204 135 186 207 29 27 135 11 193 98 506 1,880
8 2 10 15 13 5 i 3 PO 15 1 12 9 23 114

3 7 10].eenn..- 27 8 F: 3 FOUSUO NS AR 9 7 16 90
97 6 60 5 20 18 10 1 4 i1 31 12 102 377
2,128 562 | 3,362 1,649 2,390 1,885 622 715 1,584 489 | 3,191 1,301 7,172} 27,050

Digitized for FRASER
http://fraser.stlouisfed.org/
Federal Reserve Bank of St. Louis

‘qIsvd SI LY0dTY HOIHM NOdA VIVA—XIANHJIJLV

§¥¢



344 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 7.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION AND NATURE OF INJURY.

BLAST FURNACES.

Head Hand Foot 'Unclass-
Nature of injury, and |Trunk.| Arm. | and Leg. and 1Mp e~ Total,
neck, fingers. toes. .
Abrasion...eeencereeeneacnranciananns 173 196
Brodse..cceeeerininieamieianaennnnn 32 528
L 1 1
Laceration. ..eeeeceeroieniinanan, 125 313
Puncture..ee.cceceniiiiiininnanan.. 8 64
Burnorscald...oooovniaiiiiL 137 426
Concussion. . coooiiioiiiaiiiiiieaa, 2 2
Dislocation.ee e eeececeeieerareneeienifeaiansas 9
Fracture. ... ....oc.eviminiaeiiaian.. 24 210
Sprain or strain (not hernia).........[........ 190
Accidental dismemberment 1 13
Nervousshock............_...ooaen 2
Abrasion with infection.............. 24
Cut with infection.................... 1
Laceration with infection............. 11
Puncture withinfection. . ............ 3
Burn or scald with infection 4
Fracture with infection.............. 1
1)1 2 YR 9
ASPhYXif. c.euecnieieniiiiiil b3
glec%lnc flash......oooeeiins %g
Tus| ngm]ury.... .........
Electric shock. 1
Loss of teeth. . j
Unclassified. ..... 12
B 7 ) 2,128
Abrasion. . ..oocooiiiiiiiiiiiiiiiin. 176
Bruise....ocicvacineriereeceienaann- 852
L S 2
Laceration...... 689
Puncture..ce ooeoemeeinaiaiiaaaans 68
Burn or scald with infection 765
CONCUSSION. . oevioiiiniranianneenenen
Dislocation..
£: 112 751 4 TN

Sprain or strain (not heraia).........
Accidental dismemberment. .........
Nervousshock. ... ... . .. ... ...,
Abrasion with infection..............
Laceration withinfection.............
Puncture with infection..............
Burn or scald with infection

Crushmg JEITTT o N
Heatexhaustion..........cooovvnaeen
ElectricshotK.e..coviennieiinnnnnn.
Unclassified. .. ...ooovveennnianann.

Y PO T-RCT N 1§ - J

R4
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APPENDIX—DATA UPON WHICH REPORT IS BASED.

345

TABLE 7.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION AND NATURE OF INJURY—

Continued.
FOUNDRIES.
Head Hand Foot
Nature of injury. and |Trunk.| Arm. | and | Leg. | and Ui?{:lgss- Total.
neck. finger. toes. ed.
Abrasion.....ooeieiiiiiiiiiioiiiann, 168 1 2 9 9| Tl 196
Bruise.......coiieuiiiiiiiiial, 14 44 26 137 73 223 1 518
Laceration. .....oooeeieiieiiai, 75 leeeaanes 6 222 22 49 ..., 374
Puncture......ccoovviiiiiiiinnaans 3 1 5 20 3 32 .ea..... 64
Bumorscald......coveviiiinnnaann.. 52 9 9 25 2 65 1 163
Dislocation. ... eeiieneeeniieiiieiiifirnnenaifecvannas Thoorooiioeannnen Tho...... 2
Fracture. ....ccoeueeeieiaicinennannn 4 147
Sprain or strain (not hernia) 12 118
Accidentaldismemberment 4
Abrasion withinfection.............. 14
Laceration withinfection............. 4
Puncture withinfection............. 2
Burn or scald with infection 2
i emlllia .............................. 13
.4 £ 1
Elsgct¥ic flash. . cveuenineiniiennananns 6
Crushinginjury ............o.oooooae 19
Heatexhaustion...........ccoooooo.s 2
Totaleeeeseneeraranaeninnnnns 328 130 65 519 131 471 5 1,649
HEAVY ROLLING MILLS.

ADrasion...eeeeeeeeeiiiiieanannaas 121 1 3 5 9 - 141
TUUSE. + eevnnomnncaceraracncnnmannnes 40 88 32 14 137 322 1 724
Laceration..eceeoeeecncaeneaanannns 142 5 12 235 52 93 [eeeennnn 539
Puncture......coeeeeiinienieneeneeedl  8iiiil.l, 3 9 4 L PN 33
Bura or scald....... eeenareneaaan 66 22 23 59 19 39 4 232
ConCuSSION. ceeeeeicieeeiaacanannns k- 2 PPN PR I FOPTIN SR RN 3
Dislocation.......... S P I 2 3 1] 1i....... 7
Fracture. .ccueeneeeeneiienicnnncanens 326
Sprain or strain (not hernia) 240
Accidental dismemberment.......... 17
Nervous shock. ......... ceveseananann 2
Abrasion with infection.............. 22
Laceration with infection.. 7
Puncture with infection.............. 2
Burn or scald with infection. 4
Fracture with infection 2
(5 111 SN 7
Asphyxia 1
Electricflash.....ccvaenenaannn 20
Crushing injury. 46
Heat exhaustion 10
Loss of teeth.. 1
Unclassified. 4
Totaleeeeeveneneineinienannnns 2,390

PLATE MILLS.

68

598

2

532

101

151

2

7

..... 164

Sprain or strain (not he 160
Accidental dismemberment. 15
Nervous shoek.......... 1
Abrasion with infect! 12
Cut with infection. ... 1
Laceration with infection. 4
Puncture with infection..... :1;
ernfa.....ceiianiennnns 7
Asphyxia..... 1
Electric flash.... 18
Crushing injury . 18
Heat exhaustion 17
Lossofteeth......ooooiieiiaiiiiaaaan 2
Total. ceeerieei i iiiiaiininnn, 220 172 110 483 248 632 20 1,885

71087°—22 23
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346 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLE 7. —~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION AND NATURE OF INJURY—

Continued.
TUBE MILLS.
Head Hand Foot <
Nature of injury. and |Trunk.] Arm. | and | Leg. and Uinﬁc;gsb- Total.
neck, finger. toes. .

Abrasion......... eeercatatataceaann 44 1 1 5 2 ) PO, 5
Bruise. 9 16 20 152
0 L e e . 2 A A P 3
Laceration........oocooveeacaeaea| 320 4 8 s8¢ 14| 13{....... 155
Puncture 17
Burn or scald 54
CONCUSION. .o iiacneeliie e 1
Dislocation. . cooeeiiaainaeanninen 2
F R £:13 20) ¢S 87
Sprain or strain (not hernia). ........ 36
Accidental dismemberment. ......... 7
Abrasion with jofection.............. 3
Laceration with infection............. 7
Puncture with infection............. 1
Burn or scald with infection......... 1
Hernia........ocooooee.. teneeerenaian ]
Eleetricflash......ooooiiiiiiiii ot 1
Crushing injury......... Cecreeronanes 24
Heat exhanstion........ocveieanea.. 6
Unclassified.....oce.... eeneemeaes 3
Total.. o ceeceeieeaeacieannn. 124 80 36 186 55 121 10 622
Abrasion.....eeieeieiiiiiiaiiiiae.. 202
Bruise.ceaceeeeeeiiiiernieoiiiiianns m
[0 T 1
Laceration.....ocooovenniinniiinnnn.. 531
Puneture. ......o.ooooiiiiiiiiiiin 47
Burnorseald.....o.ocieiiiiiiaiaa.. 44
Dislocation..veeenruracrecnccereanens 8
Fracture....... ceressennestsnerannens 268
Sprain or strain (not hernia)......... 9
Accidental dismemberment.._...... . 10
Abrasion with infection.............. 9
Cut with infection........... . 1
Laceration with infection... e 8
Burn or scald with infeetion. R 2
Aﬂenﬁia .................. fraeeaeaes . 1
$ 1 7: Y rveeeneneenn 1
gl«g)cggi’fzﬁasp.......; ................. 3(1;

rushing injury......... ceens
Loss of teet] ury ............... 1
Unelasstfled.......coooiieianaannnn... 2
Potal ceo i 407 77 64 520 148 364 4 1, 584
42
82
83
13
82
2
.............. ereieens 46
3prain or strain (not hernia). . 58
Accidenta) dismemberment. .. 3
Abrasion with fnfection..... 7
Laceration with infection. 2
Puncture with infection. 3
L2923 H 3
Asphyxia..... 3
Electric flash.... 38
Crushing injury 13
Heat exhaustion 4
Flectric shock... 4
Lossofteeth...........ocoooivani. 1
Total........ PR F 139 38 25 139 44 93 il 489
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APPENDIX—DATA UPON WHICH REPORT IS BASED. 341

TApLE 7.—NUMBER OF CASES OPF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
"IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION AND NATURE OF INJOURY—

Continued.
MECHANICAL.,
Head Hand Foot |irpelasse
Nature of injury. and |Trumk.| Arm, | and Leg. and |“p05™ Total.
neck. finger. toes. .
Abrasion.....ooveiuiiieaiiiniiinannn. 208 335
BUSe . oo e e 48 903
L PR ~ 1
LACEration . ..o vo oo 183 727
Puncture....oceeeenennvuneeicnianans 19 127
Burnorseald.......ooooioiiiiaa. 90 204
CONCUSSION. oo covvrenseenancnansanansn 2 2
Pislocation. ... cocvieiaveiieniniann., 1 17
Fracture. ... .. .ccccveivececaannaaans 14 339
Sprain ot strain (not herma) ......... 3 303
Accidentsl dismemberment. ......... 29
Nervous shock. e.oocvivnineraennannn. 5
Abrasion with infection.............. (4
Laceration with infection............. 19
Puncture with infection.............. 6
Burn or scald with«infection. 2
Hernit. coveeevareecnceenineaneennas 26
ASPhyXia. ovevieenncniiniaaiaaa, 19
Electrieflash..coeeeveiniinnanaao.. 7
Crushing injury.......ocoooaoaiao.e 48
Heat exhaustion.....o.oeeeenniao... [
Blectrie shocK...ovoioienenaan .. 1
Loss of teeth..veeueeoiveniannss ce- 1
ogted. .. .uiieiiiiiiil. . 1
Unclasmﬁed .......................... 1
Total ...ooeieeiiiiiiiiiana. 05 270 207 908 290 779 32 3,141
YARDS.
88
430
255
26
49
1
6
Fracture.... 186
Bprain or sir 152
Accidental dismemnberment . 12
Nervous shock...... 1
Abrasion with infect. 21
Laceration with infectien . 2
Puncturs with infection . 2
Fracture with infection. 1
Hernia....... 9
Asphyxia. . 2
Electric flash. 2
Crushing injury 50
Heat exhaustion. 4
Electric shock.. 1
Uneclassified...... ..o, 1
1037 | S 204 151 63 308 161 401 13 1,301
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348 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLE 7.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION AND NATURE OF INJURY—

Concluded.

SHEET MILLS.

Head Hand Foot
Nature of injury. and ‘Tru.nk. Arm, | and | Leg. | and Ui%%lgss‘ Total,
neck. ‘ finger., toes. .
ADrasion..eeeeceraeeeaeciarancan 12 13
Bruise. . oooiiiiia e 5 138
Laceration..cooeeaeencirneaiaaeaenns 20 358
Punctire .. .ococeevieiuinnranacanen. 3
Burn or scald 42
Coneussion. cueeeveeeneeiireniaiennn. 1
Dislocation... 1
Fracture.....coooveneirinnnencnnannn. 36
Sprain or strain (not hernia). ........[.... ... 74
Accidental dismemberment.......... i 14
Abrasion with infection.............. 15
Laceration with infection 4
Hernia. .coerreimneniceniraeanninaenns [}
Crushing injury...ccoeneenaecanannnas 5
Total. . ceceniiinninenaaeaaann 48 39 93 233 7 R5 1 715
UNCLASSIFIED,

Abrasion. 264 f........ 5 334
r?ise 9'11 278 141 2,283
) L. T PR N 2
Lacerati 324 7 75 1,741
Puncture. 25 6 5 202
Burn or scal 673
Concussion. .. 6
Dislocation. o7
Fracture..... e 648
Sprain or strain (not hernia). 751
Accidental dismemberment.... 1 69
Nervousshock. ....c.coiiviiiinnnnn. 2
Abrasion with infection 80
Cut with infection 2
Laceration with infection 43
Puncture with infection . ........... 12
Burn or seald with infection 19
Herni....coovvmeiniiiiieiininananna. 49
ASPhyXif.coierivnrinineiinmancnnnns 22
Electricfiash.....ccoviviieneanniann.. 23
Crushinginjury..............cooeaae. 114
Heat exhaustion........coceeevinnn.. 38
Frosted.....ooonvivniiieiiniciivann, 2
Unclassified.....cocoviiviciianenenna. 30
Total. . .oooiiiiiiiiiiiiainans 7,172
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APPENDIX—DATA UPON WHICH REPORT IS BASED. 349

TABLE 8.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION AND RESULT OF INJURY.

BLAST FURNACES.

Head Upper Lower
Result of injury. and Trunk. } extremi- | extremi- gjl_lﬁc;gs' Total.
neck. ties. ties. *
Death. ..ot 18 19 | .o, 2 20 59
Permanent disability: Loss of—
Botheyes....oo.cieiiiiiniiaiannanan. ) B OO, 1
Thand... oo e 2
3
1
10
2
11
3
2
1
1
1
2
1
1
42
1,020
379
220
120
104
136
47
1
2,027
2,128
5 1t 47
1
1
1
4
6
9
28
3
1
}
Thumb and 4 fingers 1
Great toe... 2
2
59
Temporary disability: Terminating in—
1st wee . 425 160 414 1,570
2d week. . 104 73 186 570
3d week. 67 43 123 376
4th week. 28 28 69 210
5th week. 16 19 62 172
6th-13th week. . 38 38 81 285
14th week and later. . .. 4 20 72
Allother. . ..oioeimiiriiiiiianinnennoaiceaana]eaaaeaaaes 1 1
Total. ..ot iiiiiaiianeanannn, 682 370 956 3,256
Grand total ... ... ......cco.ea... 698 390 1,001 1,214 59 3,362
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350 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLE, 8.~NUMBER OF CASES OF ACCIDENT IN SPECIFIEﬁ DEPARTMENTS OF THE
IRON AND STREL INDUSTRY, 1915 TO 1919, BY LOCATION AND RESULT OF INJURY—

Continued.
FOUNDRIES.
Head Upper Lower
Result of injury. and Trunk. | extremi-{ extremi- I;i%celg& Total.
neck. ties. ties. *
Death 3 4oL 2 1 10
Permanent disability: Loss of—
Thand. . ..oviaicmeaeieiinaiieaaannn 1
1leg... 1
1leye.. 1
1thumb... ..o, . 5
KR35 I i1
2 fINZOTS. - ot e ciiecaiaeaeaaanaaanaas 1
R ka7 o R 1
Thumb and 4 fingers.................. 1
Great toe..... ......... e 1
ANy two t0es....cooiiiniiiiiaiana.. .. 1
Total. i ueeaineennanaareaaeaannnan ) O 20 k2 PO 24
Temporary disability, terminating in—
ot wesk ’ 243 51 253 21 3 771
24 week 48 27 134 345
3d week 18 11 58 157
4th week. . 5 10 42 108
5th week 4 9 23 68
6th-13th weel... 5 15 49 143
14th week and later 1 3 5 23
Total. . viiraaeeeiiaraceaanaas 324 126 564 597 4 1,615
Grand total . ..__.._.....o....... 328 130 584 602 5 1,649
22
2
4
3
4
8
6
29
8
3
1
11
3
Total..corvieaveenanennnn ceeeaans .. - 2 PO, 53 b2 S R, 82
Temporary disability, terminating in—
Istw ;! 270 109 21 1,131
54 34 133 375
32 18 76 207
13 14 4 141
10 11 33 118
37 28 71 244
7 9 16 70
423 223 652 2,286
Grand total. B D LLLREECCPPRPR . 438 228 705 999 26 2,390
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APPENDIX—PATA UPON WHICH REPORT IS BASED. 351

TiBLE 8,~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDPUSTRY, 1915 TO 1919, BY LOCATION AND RESULT OF INJURY—

Continued.
PLATE MILLS.
Head Upper Lower Unclas-
Result of injury. and Trunk. | extremi-| extremi- sified Total.
neck. ties. ties. *

10

3

7

13

1

3

3

30

939

333

170
99,

72

6th-13th . 147
14th week and 35
1,845

1,885

Death ..viveiiniionineiteaiiiieaicnnenan. 3 4 ) IR PO 1 9

Permanent disability: Loss of—

Botheyes...coreemerenirecinaenanna. T T 1
leye.... . 2
lthwmb. . .cooevenaamnniiniiiiia. B 5
1 finger.... . 14
2ANGOIS. oot . 4
Thumb and 2 fingers . 1
ANY 2H08S. e ciririoiiceiaaiaieiacrafencceeaaaferictacaafonenoneaadb 2 fiai... 2
b 2 R 24 P P 29

64 21 64 209

b/4 18 49 137

9 25 70

5 12 18 51

4 13 31

7 12 23 60

2 4 6 26

118 76 198 584

124 80 223 185 10 622
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352 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLE 8.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION AND RESULT OF INJURY—

Continued.

FABRICATING.

Result of injury.

Head
and
neck.

Trunk.

Upper,
extremi-
ties.

Lower
extremi-
ties.

Unclas-
sified.

Total.

©

NN?—‘W%MNH

489
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APPENDIX—DATA UPON WHICH REPORT IS BASED,

353

TABLE 8.~-NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY LOCATION AND RESULT OF INJURY—

Continued.

MECHANICAL.

Result of injury.

Head
and
neck.

Trunk.

Upper
extremi-
ties.

Lower
extremi-
ties.

Unclas-
sifled.

Total.

8

g
Thumbp and 1 finger
Thumb and 2 fingers

Great toe

WO

13
11
28

©3 1t 1D bt in

1,061

1,069

DS.

1
Grandtotale.e.eeeereeeunonennancs

15

8

-
DN OIS N
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354 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Tapre 8,.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1015 TO 1919, BY LOCATION AND RESULT OF INJURY—

Concluded.

SHEET MILLS.

Head Upper | Lower
Result of injury. and | Trunk. |extremi- | extremi- tglﬁcelg& Total.
neck. ties, ties. .
Permanent disability: Loss of— 1
"""" i 1
11 11
2 2
1 1
.......... ) % 75 DR R 16
8 95 107 1 242
8 102 69 [..oooei.. 192
2 46 46 ..., 100
4 31 B T 55
5 16 1 j....... 32
6th-13th week........cccoovmnennen . 4 4 19 40 1. ceoaee.. 67
14th week and later......... cenrmeeans D S 2 [ P, 11
Total.......... deveeerecrtaneraeeun 47 39 31 301 1 699
Grand total.....oooovoiiivininnnnas 48 39 326 301 1 715
UNCLASSIFIED,
68
4
3
7
5
18
22
60
-3
2
3
2
6
1
141
Temporary disability, terminating in— |
.................. 670 329 1,021 1,215 50 3,285
150 155 551 510 11 1,377
82 66 323 343 10 824
33 45 181 173 4 436
20 45 143 142 b3 351
42 69 208 250 ¢ 578
17 9 18 66 2 112
TOtalueseneeaneeneennnnns eerenans 1,014 718 2,445 2,699 87 6,963
Grand total. . ooooennenenenenennn... 1,049 48| g2,57| 2,77 101 7,172
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APPERDPIX~—DATA UPON WHICH REPORT IS BASED,

-355

FapLE 9—~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE AND RESULT OF INJURY.

BLAST FURNACES.

Permanent disabilities.

Tem-
Loss of— po- ,

Nature of injury. Death. fﬁ’g ?&g{i
Al ili :

Hand Total,| bili-

Both|Both| g |10 [noo | or | Fo0tothers. ties.

eyes. | Tegs. MBS fin. | O
gers '

................. 198
528
1
313
64
426
2
9
210
Sprain er strain (not h ). 199
Accidentaldismemberment. 13
Nervous shock.............. 2
Abragion with infection . P
€ut withinfection........ 1%
cture with infection... .. 3
Burn erscald w1th mfectxon i
9
75
10
22
1
1
2
............ 10 l 22 . 4 2,027 | 2,128

176 176

850 852

2 2

| 687 [ 689

65 66

T4F | 765

4 4

7 7

| 275|288

Sprain er strain (Dethernia) - |.......lo- ool 200 | 299

Accidental dismemberment. 2t |o..... 21

Nervousshoek. ... .o foaveermemerereeenncaihaene]enenc]onnnan]s 3| 3

Abragion with infeetion . 1} 357 o

Laceration with infection 3 0

Puncture with infection. 3 3

Burn orscald withinfeeti 6 6

fﬂgl' ; 5| 25
yxis. .

Electric flash.. 18 18

Crushinginjury. 16 53

Heat exhaustion 17 17

Electric shock. 1 1

ther....... 1 1

Total..cwieenimaannnns 47 foo.... 1 1l.... 6 43 [ 21 P 59 13,256 | 3,362
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356 ACCIDENTS IN THE IRON AND STEEL INDUSTRY. -

MABLE 9.~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE AND RESULT OF INJURY—

Continued.
FOUNDRIES.
Permanent disabilities.
Tem-
Loss of— po- a
injury. oath rary |Gr’n

Nature of injury D — Al otal (li)islaf- total.

an otal.| bili-

Footjothers. f
Both | Both or ties.
eyes. | legs. Arm.| Leg.|Eye. fin- tg;s
gers, .

Abragion..... 195 196
Bruise....coooeiiniiciaaan.. . 518 518
Laceration 370 374
Puncture............... . PN . 64 64
Burnorscald......... . . .| 160 163
Dislocation......ccovvveniai]orerirafnomedoonieinaeefoeaeene e o el 2 2
Fracture....o.eceinvevanensn 71 137 147
Sprain or strain (not hernia) .. ...l cooiiliiiiiivevenoerideneit]oiii e nee oo needfeanan 118 118

Accidental dismemberment 3 1
Abrasion with 1nfection. 2 12 14
Laceration with infection 4 4
Puncture with infection. 2 2
Burn or scald with infecti 2 2
Hernia.... 13 13
Asphyzxia. .. 1 1
Electric flash . . . 6 6
Crushing injury . 8 19
Heat exhaustion .. ..ocovvieoavniiifoninonniiimnns]onendoen i e e eees 2 2
Total....coevneecanens| 10 |eeendeceecdaeeead 1) 17 20 2....... 1,615 | 1,649

HEAVY ROLLING MILLS.

141 141
724 724
534 539
30 33
224 232
2 3
7 7
Fracture......ceoovemenenanns 23 | 300 326
£prain or strain (not hernia) 1| 239 240
Accidental dismemberment 17 ... 17
1 2
..... 22 22
1 5 7
Puncture with infection. . 2 2
Burn or scald with infect; . 4 4
Fracture with infection. .. 1 2
Hernia. ........ ceeenen 7 7
Asphyxia. 1 1
Electric flash 20 20
Crushing injury. 7 46
Heat exhaustion...........]oeeiiidoiiiienieidunenafoaneddaceddanan e onea i aeeas 10 10
Loss of teeth.... 1 1
(017937 R 4 4
Total......... aeeeens 2 |eeieenn] 2| 8| 8] s 17 1| 822,286 | 2,390
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APPENDIX—DATA UPON WHICH REPORT IS BASED.

357

TABLE 9.—~NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
éROtN AI&TD STEEL INDUSTRY, 1915 TO 1919, BY NATURE AND RESULT OF INJURY—
ontinued.

PLATE MILLS.

Permanent disabilities.
Tem-,
Loss of— po- ,

Nature of injury. Death. Eﬁ ?(ftgld
All i ¢

Hand| Total.| bili-

Both|Both| , o to g | or |Footothers. ties.

eyes. | legs. | e8PV fin. | o8
gers. .
Abrasion........coooiiiiiieaninodenann. 63 68
Bruise.... 597 598
Cub.eveiriiiiiiiaiiianvacca]oncnans 2 2
Laceration. . 530 532
PUncture. ... .oceeveeeeaccaaonnannn 101 101
Burn or seald . 149 151
Concussion.......oooovivinec]enanns 2 2
Dislocation.............o. oo, 7 7
Fracture......c.oeveienenonn 156 164
Sprain or strain (not hernia){....... 160 160
Accidental dismemberment.|...... . 1 15
Netvous shoek.....ovovemierfovneradfonenedoenad)oone|coens]oviei]ocne]eeedd 1] 1., 1
Abrasion with infection.....[....... 12 12
Cut with infection...........]oocuuen 1 1
Laceration with infection....|....... 4 4
Puncture with infection. 3 3
Burn or seald with infect: 1 1
ernia. . I ;
D.

24 18 13
8 18
15 17
...... 2 2
______ 1,885
54
152
3
155
17
54
(70 TREE) 10 WD SR N PORION HPIN PO SORPIN P MO PPN MOION FOURPRN S 1
Dislocation. 2 2
Fracture......coocceecuenns 85 87
Bprain or strain (not herma) 36 36
Accidental dismemberment.|....... ..o ool T B hiiiideaiiiid T feeanes 7
Abrasion with infection. .... 4 5
Laceration with infection.. . 7 7
Puncture with infection..... T 1
Burn or scald with mmfection. 1 1
Hernia......cooovevenvennaens [3 6
Electric flash................ 1 1
Crushig]gl injury.... 5 24
Heat exhaustion. .. 5 6
Other.......... RN 3 3
Total.evevienanannn.. 9 ) P R A 2 24 2 fecennnn 29 | 584 622
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358 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TApLE v—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE AND RESULT OF INJURY—

Continued.
FABRICATING.
Permanent disabilities.
Tem-
PO | ond
Nature of injury. 1 iy (E‘Ort;l.
Total. bili-
Both Foot|others. [~ OV3 oo
eyes.
Abrasion..... ... .. 202 202
Bruise. 31(1) 31{
Laceration 528 | 531
cture..... 468! 47
Burn or scald.. 43 44
Dislocation... 7 8
Fracture 257 268
Sprain er strain (not herni a). 99 99
Accidental dismemberment.|. ... | ... f.oiieeeii ool 10 il 30 fLLLLL 10
Abrasion withinfection..... 9 9
Cut withinfection...._... 1 1
Laceration with infeetion... 5 [
Burn or scald with infection. 2 2
Hernia. 4 4
Asphyxia. . Iy 1
Electrie flash 1 1
Crushingin ury. . 7 36
Loss of teet] 1 1
1) 1 2
Total..oooiveieaendd 9 feeiiiferinddeann] 1 2] 431 4....... 50 1,525 | 1,584
ELECTRICAL.
Abrasion.....eoceeiiinnnnnn. 42 42
Bruise. .. 82 82
Laceration. 82 83
Puncture..... 13 13
Burn or seald. . 80 83
Disloeation.. 2 2
41 48
8prain orstrain (not herma) 58 58
Accidental dismemberment. {.......|..... ..o oo deiioeand] 8 et 8 et 3
Abrasion withinfection..... ; ;
2 3
3 3
2 3
338 38
6 13
4 4
1 4
1 1
Total....oeovevaaiae ) U PR D N FUOR FOp R 3 T T PO 11} 466 489
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APPENDIX—DATA UPON WHICH REPORT IS BASED.

359

‘TaBie 9.~-NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
IRON AND STEEL INDUSTRY, 1615 TO 1919, BY NATURE AND RESULT OF INJURY—

Continued.

MECHANICAL.

Permanent disabilities.

Tem-
Loss of— po- Grnd
. rary (Gr'n
Nature of injury. Death. Al (li)mia. total.
Hand| Total,| Dill-
Footlothers.
Both | Both or ties.
ayes. | logs. | A Leg. Eye. g, tg;s
gers. .
Abrasion.......o..oooiieieiii i e 334 335
Bruise......cooeiiiiiia... 902 903
L0 Y DRI PO N U R . 1 1
Laceration.................. 721 77
Puncture.......ooooeeeneo... 121 127
Burnorscald...............]  Lle.coieciiheeeiadini s 203 204
e Someussion. ...l L 2 2
® Disloeation..........oooooooifooeeeid oo e 17 17
Fracture....................| Bl oo e i, 323 339
Sprain orsteain (nothernia).j ... .. oo eveeifraencafeaaadoiint 303 303
Accidental dismemberment _|..._...|..... .l .o ool 3 29
Nervous shock._ ... eennns [ O O U A A S 4 5
Abrasion withinfection.....J.......{..c. oo 2 i 60 a2
Laceration withinfection...i 21 ... dccoooi i fooooonaomnioeideniioaian, 17 19
Punoture withinfection.....|.......l.... oo oo 6 6
Burn or scald withinfection.]... ... .. ..o oo oo el 2 2
Hernia....oovoveeeeeaneeennadoncenedoceeedoeedieeiideaadoaa oot 26 26
X3 ¢ 10753 T INOUPUUUPOUUIY IR B PUUSUI (ORI SUPPPIN AP IR BRI SR IR 18 19
Eleetrieflash_ ... ..o ooiidoii doenionenidfeaeioea oot 7 7
Crushinginjury.............|  8{......l....|..... 20 48
Heat exhaustion............lo..o oo ool 8 6
Flectrieshotk..............] Lo ea e e e 1
Loss of teeth 1 1
Frosted. . 1 1
L0277 SOOI FN U NN A AN DN AR 1 1
Total.cooveeenennnnanl 2 iiiifeeeaifoccaf 21 131 49| 5 ....... 3,009 | 3,191
YARDS.

Abrasion......... ...l 87 87
Bruise............. PO 430 430
Laceration.................. 250 256
Puncture. ... .......c.oc... 24 26
Burnorscald............... 48 49
Concusston.................. 1 1
Dislocation. . 6 6
Practure. ................... 174 186
Sprain of strain (not hernia).}.......|. 152 152
Accidental dismemberment . 1 12
Nervousshock..............fo.c... 1 1
Abrasion withinfection..... 20 22
Laceration withinfection....f.......|..... ..o oo 2 2
Puncture with infection 2 2
Practure with Infection ... 1
Hernia. 9 9
Asphyx 2 2
Electric flas 2 2
Crushin, 10 50
Heat ex] 4 4
Electric shock. . 1 1
L0 T [ e s e 1 1
Total...ooveeeeeoanll 830 (oo 2] 2| 6 25 9f....... 1,227 | 1,301
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360

ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 9.—NUMBER OF CASES OF ACCIDENT IN SPECIFIED DEPARTMENTS OF THE
TRON AND STEEL INDUSTRY, 1915 TO 1919, BY NATURE AND RESULT OF INJURY—

Concluded.,

SHEET ROLLING MILLS.

Nature of injury.

Permanent disability.

Loss of—
Death, All
Hand
Footjothers.
Both|Both
eyes. | legs. Arm. | Leg. Eye.| gn. tgés.

Total.

Tem-

T3
disy-
bili-
ties,

Gr'nd

Abrasion........oceecieanan.
Bruise...
Laceration.
Puncture. ...
Burn or scald
Concussion. ... ..

Sprain or strain (not hemla) .
Accidental dismemberment .|.

Abrasion with infection. ....
Laceration with infection.

Bruise......cocciieiienaan..
Puncture. . ............. ...

stlocatlon -
Fracture
Sprain or strain (not hernia).
Accidental dismemberment .
Nervous shock. ... ..........
Abrasion with infection. ...
Cut with infection.........
Laceration with infection...
Puncture with infection. ...
Burn or scald withinfection

Electric flash...
Crushing injury
Heat exhaustion
Frosted
Other..
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APPENDIX—DATA UPON WHICH REPORT IS BASED,

361

TABLE 10.—_NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY,
1910-1914 AND 1915-1919, AND BY YEARS, 1915 TO 1919, BY DEPARTMENTS AND RESULT

THE INDUSTRY.

OF INJURY.

Result of injury. 1910-1914 | 1915-1919 1915 1916 1917 1918 1919
B D721 7 - D 1,524 1,420 87 159 523 423 228
Permanent disability: Loss of—
Both arms.... 3
Bothlegs.. 2
Both hands. 1
Bothfeet.... 3 1
Both eyes. 10 1
larm.... 66 8
d. 100 17
106 13
129 19
479 51
415 42
2,506 149
.......... 35
.......... 14
.......... 7 5
.......... 6 2
.......... 1 2
.......... 2 2
........... 2 2
172 37 7
Any 2 toes. . 244 28 12
Allother. cocveveeeniieiinnnneniaae.. 844 196 54
Total.eriuireeneaiiiiiirenicnanes 5,080 1,211 437
Temporary disability, terminating in—
Istweek ..ooveiieiiainina. 118,215 84,2291 7,150 | 9,410 | 29,058 | 24,734 | 13,877
40,5211 32,437 | 2,740 | 4,592 | 11,801 | 8,627 4,677
21,854 | 15,472| 1,335 | 2, 5,387 | 4,209 , 306
11,883 9,472 759 [ 1,418 3,399 | 2,588 ) 1,308
7,282 6,165 453 937 2,203 ( 1,621 951
12,671 11,063 o1 | 1,662 3,861 | 2,013] 1,726
2,717 , 201 179 383 818 556 265
2,162 1,625 18 567 843 190
226,305 | 162,664 | 13,5244 20,655 | 57,004 | 46,001 | 25,300
232,009 | 168,100 | 13,986 | 21,542 | 58,885 | 47,725 | 25,965
1,810,911 |1,835,305 |116,224 |166,646 410,852 |392,260 | 249,328
BLAST FURNACES.
Peath. oo 324 I 264 { 19 | 23 79 90 53
Permanent disability: Loss of—
Botharms....oovovviveiiniininaas
Both €g8ueeacec i iiaiai e
Bothieet..
Both eyes
larm..
1 hand.
1lleg.
1foot
leye
i‘f;i umb. ceoeaeeiaieeoaaaoay 1y 207 21 31 5| 10].c......
nger
2 fingers.
3 fingers.
4 ANgerS. cerneraenaananiiaanann
Thumb and 1 finger.............
Thumb and 2fingers. ...........
Thumb and 4 fingers. ...........
Greatt0e..oucvereinreeeianncnaeanna. 10 4 2 .
ANy 21088, 0cirnicinennniainininena.. 15 8 2 3 1 1 1
Allother. ooveuecienaneannaaiai. 80 69 8 29 22 5 5
Total.eenimiee i, 364 285 23 58 93 69 42

71087°—22——24
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362 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 10.—NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY,
1910—1914 AND 1515-1919, AND BY YEARS, 1915 TO 1919, BY DEPARTMENTS AND REST 'f
OF INJURY—Continued.

BLAST FURNACES—Continued.

Result of injury. 1910-1914 | 1915-1919} 1015 | 1916 | 1917 | 1918 | 1919
Temporary disability, terminating in—
15t Week, ....... PO L. 11,198 6,599 527 800 | 2,186 | 1,700 { 1,386
2d week . .. . 4,737 2,824 189 376 924 807 528
3d week . . . 2,308 1,375 9 201 458 231
4th week 1,182 781 45 115 279 221 121
5th week . . 824 601 39 95 213 147 107
6th-13th week ... 1,459 929 63 123 204 282 167
14th week and later.. R 3 210 22 50 44 87 27
All other. ...eenen-... JO reeanns 488 [ R 3 42 42 5
Total.couueerennn--- e | 22,576 13,411 981 [ 1,763 | 4,440 | 3,655 | 2,572
Grand total ......... rete—ans 23,264 | 13,962] 1,023 1,844 | 4,614 3,814 | 2,667
Kumber of Workers ..o veeieiiiiiiaae. 124,636 | 123,669 1 10,781 | 14,905 | 36,202 | 31,904 | 29,937
BESSEMER,
56 48 2 13 2 7 6
3 3 USSR 1 1 ) I OO
4 2 [eeeean.s 1 3R PO OUOORR
2 1 1 4 5 ) R PO
13 7 3 1 R SO 2
85 28 7 7 8 [3 IO
.......... 2l ieedenenn 1 1 PO
reeeeanan Tlovaenaoeanadocats 1l
4 5 1 2eean.n 2 eennnn.
8 7 1 4 1 1i.......
27 27 8 14 3 24 ...
145 93 21 k7 21 5 2
3,283 1,390 231 334 443 185 197
1,707 674 72 179 240 110 73
“1 61| .112 156 58 54
54 301 46 72 111 4 28
296 203 33 49 73 29 19
814 358 46 86 136 48 42
90 73 5 15 28 14 1
30 105........ 1 7 1
7,366 3,450 494 848 | 1,19 489 425
Grand total.,........ . 7,567 3,591 517 895 | 1,235 511 | 433
Number 0f Workers. -cveeeeeoeeenearnnnns 28,101 | 21,6671 8,160 4,071] 5,979! 3,5,064 4,751
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TAsLE 10.—NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEE.L INDUSTRY
1010-1914 AND 1315—1919(,i AXND BY YEARS, 1915 TO 1919, BY DEPARTMENTS

OF INJURY—Continue:

OPEN HEARTHS.

D RESULT

Result of injury. 1910-1914 | 1615-1919 1915 1816 } 1917 1918 { 1919
j -

Death. ..o 141 146 8 12 47 53 | 2
Permanent dxsabxhty " Loss of—

Bothieet.......................... 1 1 I P

Both. eyes .................... | N R S N PO § .

Allvother. AP N b7 DY PO R 1 1

2 ) I PO,

5 1 3

81 3 4

19 7 2

8 2 3

8 4

32 8

| P,

L 3 R,

1 1

8 1

i 3 PO,

14 1

22 30

1,399 859

687 285

316 1149

219 71

149 70

298 243 128

14th week and later..._............... 207 203 14 35 77 57 20

Allother. . ..., 131 39 1 1 11 23 3

Total. ..o cieiiinnns 15,567 16,073 832 1,458 | 3,187 | 3,013 1,583

Grandtetal........... eeeeaneacaanan | 16,036 10,484 860 [1,507 ¢ 3,320 | 3,158 1,639

Number Of W0rkers. ... ....oooevieeen.. 71,298 ‘ 72,971 | 5,969 19,854 | 21,467 | 20,681 | 14,510

CRYUCIBLE FURNACES.

| O PO,

)

2 2

N

ceeene 2

6 4

166 34

55 10

37 6

25 5

19 (... .ee

2 9

14th week and later 1 Tleenenens

All ather. ........ 14 5 1

§ s 1 Y SO PIIISDUDIE B : 21 2 PO 261 M1 65

Grand total 262 348 69

Number of werkers .. 1,197 | 2,372 599
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364 ACCIDENTS IN THE IRON AND STEEL INDUSTRY,

TABLE 10.—NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY
1910-1914 AND 1915-1919, AND BY YEARS, 1915 TO 1919, BY DEPARTMENTS AND RESULT

OF INJURY—Continued.

FOUNDRIES.

Result of injury. 1910-1914 ] 1915-1919| 1915 1916 1017 1918 1919
Death..cvveemonnnnennnannanna. ememnanann 84 (L 3 PN 1 45 22 6
Permanent disability: Loss of—

oth eyes. .... ) O
arm ..... 2.
1 hand.. 5.
1 leg... 12 |
1 foot.. 6.
leye.... 35 1. 8
1 thumb 20 |. 1 7 2
1 finger.... 210 107 1 2 29 50 16
201 TR U 8 3
3 ANEerS...coveoiiieencnsararccacccccc|oanncances 1
Thumb and 3 fingers........cceceeeeenfovannan... 1
Great toe.......... 23
Any 2 toes 22
AlOther. .ceueveueanaeneeninnaneannn 86
Je1 7Y S 451 256 2 6 101 106 41
Temporary disability, terminating in—
1st weel 10,447 8,652 57 53| 4,199 2,995 1,348
2d week. . . 3,177 2, 301 20 30| 1,073 932 336
3d week. . .. 1,515 1,268 15 17 555 518 163
4th week. . 7 775 13 14 325 309 114
5th week . ... 498 493 3 8 195 219 68
6th-13th week..... 856 748 10 21 304 308 105
14th week and later. 258 103 j........ 2 55 29 17
AN other. covaeniirinierainanenanneans 249 169 |eeeniii]enannnns 104 59 6
[ 7S U 17,766 | 14,599 118 145 | 6,810 | 5,360 | 2,157
Grand total.....comenivnnnnnannaas 18,301 14,629 120 152 | 6,956 5,497 2, 204
Number of WOTKErS .« eeeeeeencueaeannnans 95,917 | 80,029 | 1,309 | 1,281 | 31,805 32,186 | 18,498
BAR MILLS
20 1 4 8 6 1

Great toe..
Any 2 toes

Temporary disability, terminating in—
1st week

5th week......
6th-13th week.....
14th week and late:

Allother. .cieeveriinainniiinernnnnn.

Allother. ...covvviivivnninicanannnns

.......... 73 7 11 34 16 5
.......... 2,537 | 41| 400| 1,142| 381 273
830 8 | 155| '335| 126 108

429 51 81 186 62 49

230 42 56 77 36 19

137 18 26 55 19 19

275 33 57 102 44 39

37 4 8 18 2 O .

12 2. 5 74 X

4,480 |  577( 7831 1,940| 682 507

4,582 585| 798) 1,982 704| 513

20,992 | 8,232 | 3,042 [ 7,472 | 8,439 } 38,807
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TABLE 10.—NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY

5)10—1914 AND 1915-1919, AND BY YEA

F INJURY—Continued.

HEAVY ROLLING MILLS.

RS, 1915 TO 1919, BY DEPARTMENTS AND RESULT

Result of injury. 1910-1914 | 1915-1919| 1915 1916 1917 1918 1919
J 02:T:1 1 | PR 71 75 10 7 30 20 8
Permanent disability: Loss of—
Both feet 1 1
larm......
1hand. . ..coiiiniiiiiiiiniieiinnaees
k- PN
B o Y
L OYO. et
1thamb.................
1finger....ccoceeinanan..
2fingers...
3fingers.....ccuceenan..
Thumb and 1 finger
Greattoe................
Any 2 toes. .
Other.....oooiviiiii,
Total. oot
Temporary disability, terminatingin—
Istweek.. .. ..ol . 4,461 2,721 327 404 656 764 570
2d week. .. - 1,785 1,160 97 197 445 258 163
3d week. .. 908 587 55 117 207 127 81
4th week . . 526 378 41 68 |* 130 89 50
5th week. ..... 364 286 25 53 98 70 40
6th-13th week. .... 648 488 40 100 186 95 67
14th week and later.. . 166 135 10 20 57 32 16
Allother.......cooovoiiiiiiiiinianaa 147 20 1. 5 3 11
Totalenneerenneecrananaeneaennnns 9,005 5,715 596 959 | 1,784 | 1,438 998
Grandtotal .............cooeeo.... 9,337 6,091 630 | 1,010 1,901 1,525 1,025
Number of workers........oooooieieia.. 67,663 | 62,957 | 7,148 | 10,076 | 20,580 | 18,788 | 11,415
PLATE MILLS.

&
Thumb and 1 finger.
Thumb and 4 fingers
Greattoe..........
Any 2toes. .
Allother. ... .o iiiiiiiiiiiainannn.

1st week

5th week. ..
6th-13th wee!

1
1
........... 1
4
4 i
1 9 1 7 IDO0RUN IS .
105 78 9 15 22 19 13
1,533 | 1,468 52{ 175] 81| 514 346
683 507 26 100 1s59| 167 145
343 305 13 39 71l 1 71
197 231 15 40 53 78 45
111 152 6 31 34 46 35
210 247 9 47 56 80 55
51 41 fooenees 3 12 15 i1
9 21 ...l S T 204 eenee. .
3,137 3,062 121| 436| 766 1,031 708
3,261 | 3,160 131 454 | 792 1,055 728
81,711| 80,605 | 2,086 | 4,681| 6,764| 9,302| 7,678
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360 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

Tapre 10.—~NUMBER OF CASES OF ACCIDENT IN THE TRON AND STEEL INDUSTRY,
1016-1914 AND 1925-1919, AND BY YEARS, 1915 TO 1919, BY DEPARTNENRTS AMD RESULT

OF INJURY—Continued.
PUDDLING MILLS.

Result of injury. 1910-1914 | 1915-3919| 1915 1916 1917 1918 1919
9 [ T D 1 L 2
Any 2to0es
Allother
s 1 7N PR
‘Temporary disability, terminating in—
TOE WORK e e eeen 882 508 |........ 205 | 178 35
347 197 |, 114 68 15
145 107 |. 66 38 3
79 35 |. 25 25 5
65 39 1. 13 5
96 70 40 26 4
22 10 | 7 2 1
45 31........ 4 20 7
1,681 I 1) 2 PO y 572 370 75
Grandtotal.......ccoeineienannnans 1,747 1,035 |..ooeveilennennns 583 B77 75
Number of workers. ...... eeemesemreemanan 12,788 7,600 {ooeiiiilenannan. 4,129 | 2,712 769
SHEET MILLS. .
BB TcT: 3 ) ¢ W 87 54 7. 13 28 3 3
Permanent disability: Loss of— ]
Both hands.... 1 | R P 1
iagrm.... 41........ 1 3
1 hand. 10 1 2 3
lleg..... 4. 1 2
1foot.. 10 2 2 31
leye.... 16 4........ 2 10
1thamb. 17 3 6 8
1finger-.. 104 15 45 36
2 fingers. 4
3 fingers. .. 14
4 fingers........... 114
Thumb and 1 finge; 1
Thumb and 2 fingers. . 14
Thumb and 3 fingers. . 1
Greattoe.......... 2.
Any 2 toes. . 2.
ANMother. . ..ociiiiiniiiianaeanan, i
Total..ooiener i i eanieaae 339 80 17 24
Temporary disability, terminating in—
1st week. 10, 540 5,504 838 987 | 2,485 492 702
23 week. 4,664 3,377 535 780 | 1,432 185 445
3d week. 1,611 1, 585 234 359 666 164 222
4th week . . 862 790 103 189 336 48 | 114
5th week . . .. 492 458 70 110 194 33 51
6th-13th week . 781 768 94 200 326 54 94
1l4th week and 237 145 27 28 70 6 14
Allother. . 73 [-3 9 FODR 2 | 24 15 ...,
Total..... 19, 260 12,671 1,90t | 2,655 | 5,533 837 1,645
Grand total... .., 19, 686 12,9311 1,931 2,730 | 5,641 957 1,672
Number of workers..... 181,865 ) 16,866 | 24,722 | 46,040 | 17,278 | 17,049
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APPENDIX—DATA UPON WHICH REPORT IS BASED, 367

Taie 10.—NUMBER OF CASES OF ACCIDENT IN THE TRON AND STEEL INDUSTRY,
1916~-1914 AND 1915-1919, AND BY YEARS, 1915 TO 1919, BY DEPARTMENTS AND RBRESULT
OF INJURY—Continued.

TUBE MILLS.
Result of injury. 1910~1914 |1915~1919 [ 1915 1916 1917 1918 1919

2 17 8 6
535 306
236 142
113 78

9
. 49 47
6th-18th week.. . 59 126 86 64
14th week and later.. . 98 65 12 10 17 13 13
Allother. .oiiiiiiimiiineeeenennas 13 D 3 PR e 8 3 3
B T 8,623 4,714 471 425§ 1,967 | 1,127 724
Grand total...._.................... 8,908 4,907 489 453 | 2,035{ 1,178 754
Nuwmber of workers..__.... P 73,3838 71,216 | 7,109 | 11,3656 | 19,819 | 18,500 | 14,438

MISCELLANEOUE ROLLING MILLS.
j 27:%37 | F N 84 42 2 5 10 16 []
Permanent disability: Loss of—

Bothlegs..oooovvnnrimnneneaaad 0 Lo e e el
4. 2 li....... .
5 |. 3 ...
2 1 % P,
[ N R PR 3 i
17 7 6 3
22 4 10 5
87 24 13
9 4 1
P2 PPN PN DU D 2
2 1 Y.L
1 20 R P
6 1 4.,
9 6 ) I PO
30 5 15 3
200 14 26 59 74 28
5,364 266 416 [ 1,908 | 1,929 845
1,967 95 171 800 638 263
987 51 98 363 33t 144

564 22 66 241 170
405 11 47 Ll 118 80
6th-13th week . .. 762 26 96 293 238 109
14th week and later 123 4 26 38 38 17
Allother......... 139 242 §..uenuns 2 154 63 23
V7 U 21,500 10,414 475 922 | 3,948 | 3,523 1.546
Grand total......................... 21,947 16, 656 491 952 | 4,017 ] 3,613 1,583
Number of workers. ... ... ...l 98,809 80,380 | 4,367 1{ 8,082 | 24,8111 29,188 | 13,932
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368 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLe 10.—NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY
1910-1914 AND 1915-1919, AND BY YEARS, 1915 TO 1919, BY DEPARTMENTS AND RESULT

OF INJURY—Continued.

FABRICATING.
Result of injury. 1910-1914 1 1915-1919 | 1915 1916 1917 1918 1919
Death. ..ot 94 57 3 7 21 21 5
Permanent disability: Loss of—
Both arms,
Both eyes
=3 0 1 H
lhand.............
1legeeoceaaonaaaaas
1f00t...ceeunenn...
leye...coovenennn
1 thumb
1finger. ........
2 fingers
3 fingers
Great toe
Any two toes.... S b2 D N - 2 Pt N (R R
Altother.. ... .o.ooiiiiieiiiieinn... 28 10 1 3 [ 18 P 1
421 155 15 25 66 29 20
14,962 7,718 242 267 | 2,399 | 3,308 1,502
5,299 2,411 89 169 816 91 420
2,080 94 39 84 345 310 165
1,102 572 24 65 204 188 91
763 345 21 38 142 79 65
1,123 641 44 57 212 230 98
160 110 12 23 31 28 16
16 L 2 [ 2 eeann... 3
25,505 | 12,745 471 703 | 4,151 | 5,060 2,360
26,020 | 12,957 489 735 | 4,238 | 5,110 2,385
108,538 | 77,078 | 8,818 | 4,980 | 23,882 | 29,167 | 15,738
FORGES.
Death .. ioiiiiiiiiiiiiiiiiiiaieaae 8 [ R P 2 2 2
Permanent disability: Loss of—
Both legs...... ceaaeeee 1
1 hand..... 1.
lleg... 1
1 foot.. 2.
leye.... 3.
1thumb... 1
1 finger.. 12
2 ANgerS. . vvieeieiriieiinreacaaacanclocsaceanas 3
B INZOrS. .o ieieerneanreeneanananaas|ooceacenes 1.
Thumb and 2 ingers......c.cceevvvirfarannerens 1.
Greattoe.......... 1 1.
Any 2 toes. - 2 feeennenaanfs
AN OLBer. . i eeniieeieaiiainiaiaiann 4 15
19 [ 528 PR PO 15 26 1
460 479 77
310 147 21
144 66 11
63 53 2
28 25 4
6th~13th week. .. . 40 38 7
14th week and later. . 8 6 1
Allother.... .....ovvvieiiinninianns 27 8 eemeen .
Tot&l..................} ............. 1,080 822 123
Grand total.........ooviiiiininnnen 1,107 850 128
Number of workers. .oooeeeeeeeinenas enee 6,249 10,877 §........ 209 | 2,728 | 6,408 1,232
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TasLE 10.—NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY,
1910-1914 AND 1915~1919, AND BY YEARS, 1915 TO 1919, BY DEPARTMENTS AND RESULT

OF INJURY—Continued.

ROD MILLS.
Result of injury. 1910-1914 | 1915-1919] 1915 1916 1917 1918 1919
Death..ccuiir it ieiecaaaafieneannns 13 [eeeireeclonnnennn 7 5 1
Permanent disability: Loss of—

2 3 1 Y -
B 15 {070 R (R, 1
leye. . cooiiiiiiiiiiciiiiiaiiiannnen]iniiiianns 23
Tthamb.. ... 1
1 finger.. 3
3 fingers 1
Great toe. 1 1 .
Any 2 toes 1 1 .
Allother.. 30 8 10 6 5 1
Total.eoeeerieeaiaannnns R P 69 10 16 23 11 9

Temporary disability, terminating in—
st week. 771 112 113 356 130 60
2d week . 421 49 67 174 96 35
3d week. 158 23 29 54 41 11
4th week 122 9 20 56 23 14
5th week 56 11 7 20 16 2
6th-13th w 130 22 20 30 30 28
14th week and 20 3 3 6 5 3
other.. 13 [eeienicafinnncnns 3 9 1
B3 71 RN PO ] 1,691 229 259 699 350 154
Grand total. . .. ooooeeiniiii i | 1,7 239 275 | 720 366 164
Number of Workers ...coooeeeieeeneaane i lieiia.. | 14,894 | 2,062 | 2,493 ' 4,951 | 3,249 | 2,139

1 finger.
2 fingers.
3 fingers
Creat toe
Any 2 toe
All other.

Isi week. ..o ioeiii i

Sthweek..oooiiirinineinnianeanans
6th-13th week . ......cioeieiniiians
14th weekandlater......ccooeuvnnn..
AlLOlBEr e viiiniieeiarienaenianannn

317 62| 104 61 60 30
3,458 | 1,105] 914 7s5] 430 224
1,563 | ‘32| 48| 40| 220 3

6921 14| 167 911 127 58
397 5] 102|109 61 50
27 40 53 69 43 2
385 61 691 100 26 69

76 14 5 31 22 4

) 1 5 2 1
6,797 | 1,831{ 1,764 | 1,700 991 511
7,126 | 1,804 | 1,872 1,764 1,055 541
61,967 | 7,869 | 9,561 | 18,797 | 12,767 8,013
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370 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 10.—NUMBER OF CASES OF ACCIDENT IN THE TRON AND STEEL INDUSTRY,
1910-1914 AND 1915-1919, AND BY YEARSR, 1915 TO 1919, BY DEPARTMENTS AND BESULT

OF INJURY—Continued.

ELECTRICAL.
Result of injury. 1910-191411915-1919| 1915 1916 1917 1918 1919
Death. oottt iiriiaeas 33 35 1 6 16 5 7
Fermanent disability: Y.oss of— .
B o« Y
1 hand.. 2

1leg... 1
1 foot.. 2
1evye.... 4
1 thumb 2
1 finger.. 21 | 1
P LT o R PO
4 fingers........... P,

Thumb and 1 ﬁnger ..........

Thumb and 3 ingers......cooeoeeiefenannnnn..

Great toe.......... 1
Any 2 toes 6
Allother..oevrrenniinnnnnns sereasnan 5

Total...cooeiiiineiriiiiiianraanns 48 34 1 6 16 8 3
Temporal dmabﬂit . terminating in---

}’\ l‘y ........ y ............ g 1,129 172 293 183 141
2d week . 388 42 123 31 41
3d week. . 161 23 43 17 20
4th week .. 82 15 30 9 [}
5th wi 50 13 23 5 13
6th-13th week. ae 114 17 40 12 17
14th week and later. - 6 18 1 2
All other...... Cereesaaerareraaaaeaa 7 1 L U DO

Totad..oeerverianaiaaiaaas. P 1,957 289 571 258 240
Grand total......ooceiveiieaann... 2,038 301 603 271 230
Number of workers..._.....o...oo.ull 14,421 1,635 | 4,385 | 8,801 2,563
27
1
1
1
3
5
17
2
]
....... i
Any 2 toes ; 1
AllOther....ovvveeenummnnneiniaranann 81 2 35 18 3
392 441 27 86 134 154 40
9,289 7,935 3261 1,148 2,564 ( 2,448 1,449
L 021 2 775 116 429 | 1,097 721 412
1,655 1,223 48 202 459 326 189
911 " 829 23 150 318 217 121
547 553 12 114 231 123 73
1,059 1,022 39 160 422 195
234 189 8 39 87 38 17
78 45 1 3 23 15 3
17,794 14,571 573 | 2,245 5,201 | 4,082 2,470
18, 288 15,136 603 | 2,340 | 53781 4,278 2, 537
Nuwmber of workers ...........ocoeueuen.... 97,162 | 137,257 | 5,987 | 16,920 | 33,328 | 68,003 | 23,019
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TaBlE 10,—~NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY,
1910-191¢ AND 1915-1919, AND BY YEARS, 1815 TO 1019, BY DEPARWENTS AND RESULT

OF INJURY—Continued.

POWER HOUSES.

Reult of injury.

11916-1914

1915-19191 1915

1917

1918 1919

Grand $0tala. ..o ieeneinninanan.. 571 480 4| 60| 62| w0 114
Number of workers .................c..... | 8o08s| 11,009 195| 680 5,87 | 8,366 | 3,001
|
COER.
27 | 38 2 5 16 9 6

Any 2 toes
Al other.

© P 03 €0 A B

Total... 39 36 4 6 10 9 7
921 810 88 88 220 199 215
295 267 15 16 101 B3
140 121 5 14 44 34 24
72 72 6 8 22 22 14
66 50 6 5 12 14 13
112 94 5 11 25 25 28
317 28 1 i} 8 9 4
14 6 2 2 28 FOUUURIN PO
1,651 1, 448 ] 128 150 434 366 370
Grand total.................... eeeedf  LMTY L5214 138 161 460| 384 382
Number of WOrkers......oeeenecinnnnn... 4 18,282 23,263 ‘ 1,648 | 2 195 7,368 | 6,614

5,538 \
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372 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TaBLE 10.—NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY.
1910-1914 AND 1915-1919, AND BY YEARS, 1915 TO 1919, BY DEPARTMENTS AND RESULT

OF INJURY—Continued.

YARDS,
Result of injury. 1910-1914| 1915-1919} 1915 1916 1917 1918 1919
1 112 8l 12 36 23 7
Permanent disability: L.oss of—
Both eyes 1 1
21 0 1 VR 5 2
lhand............. - 20 PO A
1leg.ceennnnnnn.. k(PPN O
1fo0t............ 10
leye...coenen... 15 4
ithumb............... 13 3
1finger.............. 78 20
2fingers............. L 30 PO P,
3fingers............. [ 3 PP RO
4fingers............... 21 PO P
Thumb and 3 fingers. . O T .
Thumb and 4 fingers. . ) 10 PN .
Greattoe............ 7. 1
Any 2 toes. 11 1
Allother_ ......iiiiiiiiiniiiniannns 50 65 24
Total....coeemirniniacenranann cenes 244 232 15 56 77 60 24
Temporary disability, terminating in—
1st week 4,211 2,440 250 477 904 572 237
2d week... 1, 766 969 71 195 396 237 70
3d week... 771 397 28 92 137 102 38
4th week . . 408 271 24 42 93 86 26
5th week._..... 296 175 12 30 63 52 18
6th~13th week ... 549 410 29 75 143 110 53
14th week andlater.. 108 90 3 18 36 24 9
Allother. ...cvieiivensreeccnnnannnn. 44 44 ...... N 20 15 9
Total..ccucnrinnaceann veeceneceannan 8,153 4, 796 ' 417 929 | 1,792 | 1,198 460
Grand total......... eeveearaenas 8,509 5,111 | 432 997 | 1,905 | 1,281 496
Number of workers...eooeueeeaeiniananaan 66,932 47,685 l 8,843 | 7,863 115,732 | 16,355 3, 902
ERECTION OF STRUCTURAL STEEL.
011 1 s F P S 45 , 8 10 12 10 5
Permanent disability: Loss of—
|1 SRS S, 3 1
1 3 1
L 2T S, 5 1
Ithumb..oeeiaiiiiiiiiiiiiiiiiiiene]iavnnnnnes 4 1
140 SR KPP, 11 2 |ieenanes L T 3
Thumb and 2 fingers.......cceeecveee]orniieenn ) N P P ) I PO
Great t08....ouirnieiiriiiiiaianee]iaiaaaaans 1 L ] P (R N
AN otheraeeeniiiiniiiiiiiiniiiinnaneed]eeaiiions Tleeeennns 1 b 4
33 7 3 15 3 7
834 142 111 239 223 119
227 38 45 70 47 27
127 25 22 43 23 14
80 21 19 16 14 10
55 6 17 13 10 9
141 18 24 44 41 14
42 1 13 17 6 5
[ ) R PPN DR P, 4
1,510 251 251 442 364 202
1, 590 266 264 469 377 214
Number of workers......... S 7,417 803 | 1,011 1,156 | 1,234 776
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APPENDIX—DATA UPON WHICH REPORT IS BASED. 373

TABLE 10.—NUMBER OF CASES OF ACCIDENT IN THE IRON AND STEEL INDUSTRY,
1910-1914 AND 1915-1919, AND BY YEARS, 1915 TO 1919, BY DEPARTMENTS AND RESULT
OF INJURY—Concluded.

SHEET ROLLING MILLS.

Result of injury. 19013-1914 | 1915-1919( 1915 1916 1917 1918 1919

Number of Workerse......oeeeeeenneennieleneennnnns 9,489 |eenreifonnnnnnn I ........ l 4,999 | 4,490

UNCLASSIFIED.

Permanent disability: Loss of—

Both 1

53 104

LT DRSO I 27,556 | 2,749 | 2,714 | 7,945| 8921 | 5,227
Grand t0t8keeee .o uem e ieeneen] e aneans 28,388 | 2,806 | 2,83 | 8,167 | 9,257 [ 5,356
Number of Workers .o .oooeeueneneeeeneas|oenannen.. 263,791 | 21,547 | 24,216 | 68,130 | 97,618 | 59,385
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874 AGCIDENTS IN THE IRGN AND STEEL INDUSTRY.

Tapig 11.~FREQUENCY RATES (PER 19,000,060 HOURS' EXPOSURE) FOR SPECIFIED
DEPARTMENTS IN THE IRO B STEEL INDUSTRY, 1910-1914 AND 1915-1918, AND
BY YEARS, 1915 TO 1919, BY RESULT OF INJURY.

BLAST FURNACES.

Result of injury. 1010-1914]1915-1919| 1915 1916 1917 | 1918 | 1919
Peath. ..o iiiaan 8.7 7.1 5.9 5.1 7.2 9.4 59
Permanent disability: Loss of—
OthATMS. . ... cooviiiiiiiiiiiaanes
Bothdegs....ocoooiiiiiiiiiiiianenns
Bothfeet. . ... ..co.coiiiiiiiiiii.
Botheyes.........o.ocooiiiiiiiiinn. 5
hhan&'.'.fiii‘.iiii‘.iii‘.i‘.ﬁ‘.i‘.‘.‘.‘.ﬁiiiiiZ 1
Lfopto oI .6
1 Y€ eieiieeanneeenaannan L2 |
Ithmb.....ooooiiiiiiia.. .5
LAinger.....ooovviiiciiniiciannn. .7
2 A0gerS. i iiiieeieaenaa .2
3 ANerS. e e ieacienaeacanannnnn .2
4 fiNgers. . .ouoceiiie i .2
Thumb and 1 finger...........
Thumb and 2 fingers
Thinmb and 4 fingers
Great t0€...ciiiiniieneianans
ANy 28688 cer e aiananiaeanaas
Allother. ... ..o, 2.
AT N 8.
Temporary disability, terminating in—
Ist we(yek v ® 299. 5 177.9 | 163.9 | 178.9| 201..3 | 177.6 154.3
2d week. 126.7 .1 58.8 4. 0 85.1 84.3 58.8
3d week. 61.7 37.1 29,8 4.9 42,2 40.6 25.7
4th-week 3L.6 21.1 14.0 25.7 25.7 23.1 13.5
5th-week. 22.0 16. 2 12.1 2L2 19.6 1 154 1.9
39.0 25.0 19.6 27.5 27,1 29.5 18.6
14th week and later.. 10.2 5.7 6.8 1.2 4.1 7.0 3.
other 13.1 23 PO .7 3.9 4.4 .
Total. ...t iicaeiiaeacaaan 603. 8 361.6 | 305.0 | 3941/ 409.0| 38L.9 286. 4
Grand total.........ounaeinennnann. 622.2| a16.2) 8180 a22| 425.0| 3085 207.0
Number af workers......oconeeeneieinnnnn. 124,636 193,669 10,721 l 14,805 36,202 [ 31,904 | 29,937
BESSEMER.
Death. . eeiiiiien i 6.6 7.4 2.1 10.6 ! 1.2 6.5 4.2
[%: 3 PO .8
[ 3 PO .8
17 1.1 3.3
11 3.2 .8
4.3 7.4 5.7
3.
02 feeannn. ..
.8 11 6
11 1.1 3.3
4.2 8.4 11,57
145 22.3 27.8
214,9 [ 243.7 | 273.5] 247,0] 1715 138.2
. 104. 2 75.9 | 146,61 133.8 1 102.0 51.2
. 68.2 64,3 9.7 87.0 53.8 37.9
2 46.5 48.5 $9.0 61,9 40.8 19.6
35.0 31.4 34.8 40,1 40,7 26.9 13.3
72.8 55. 4 48.5 70.4 75.8 44.5 29.5
14th week and later.. . 10.7 11.3 5.3 12,3 15.6 13.0 7.7
Allother.... ...coooiioiiiiiiiiao.. 3.6 L5 eeeee... .8 3.9 .9 .7
Total. e e 873.8 533.4 | 5210 | 6943 | 665.7 | 453.4 298,2
Grandtotal................ ... 897.6 555.3 | 545.4 | 732,7| 688.9 (| 473.8 303.8
Number of WOrkers ... ..oueeaveuunennn... 28,101 | 21,567 ’ 3,160 I 4,071 | 5,919 | 8,596 | 4,751
1 Less than 0.05.
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APPENDIX—DATA UPON WHICH REPORT I8 BASED.

TABLE 110‘-—FREQUENCY RATES (PER 10

,000 HOURS’

375

FXPOSURE) FOR SPECIFIED

DEP BTMENTS IN THE IBON AND S EEL INDUSTRY, 10160-1914 AND 1915-1919, AND

Y YEARS,

1915 TO 1919, BY BRESULT O

¥ TWIURTY—Continued.
OPEN HEARTHS.

Result of injury. |1910-1914 { 1015~1919

1915

1916 |

1917

1918

1919

Death..........

Permanent disability: Loss of—
Both fee -

........ e 6.6 6.7

O] m

~
=
~

okt
W 4 00 6O W DO

218,41 242,91 217.91 219.2 5 197.3

89.5 79.3 | 100.1 95.7 97. 8 65.5

50.4 547 61.5 54.7 50.9 34.2

31.5] 22.9| 359 384 35.3 16.3

24,1 25, 7| 28.7] 21.21 24,9 16.1

39.6 | 30.7 47,0 46.3 39.2 28.9

0.4 7.8 12.1 120 9.2 4.6

1.8 . .3 1.7 3.7 .7

4647 464.6| 503.4] 495.2| 485.6 363.7

: 483.5 | 480.3 | 520.2 | 516.0| 508.9 376.5

Number of workers.......... hesesmerannnaa] 71,893 12,271 | 65,969 | 9,654 | 21,457 | 20,681 | 14,610

FOUNDRIES.
Peath. ... ..o 2.9 3.1 ]........ 2.7 4.7 ] 2.3 1.5
Permanent disability: Loss of— ]

Botheyes.. .. . ...ocoeniiiiiiaian.. ! PO ) IS 5 PO S,

1 . . . A1 i,

........ .5

.5

2.0

.5

== $ennna

4.0

4 W7

.2

.2

Any 2 toes.. . 0% IS+ Y ¥ ERRUE- 3 S S S ES S g

Allother. ... ... ..cocoomiiiiiaa... .7

Total. .o 15.7 ; 10.8 .6 16.2 10.3 10.9 10.1
‘l‘emporm‘y disability termmatmg in— ]

........ ] 3e31 310.2] 3329

2d Week .......................... 110.4 95.5 83.0

52.6 53.6 40.3

26.6 32.0 28.2

.. 17.3 22.7 16.8

6th——18t:h week........ 2.7 31.9 25.9

14th week and later... 9.0 3.0 4.2

Allother. ... .oioiiiiiiiiniaas 8.7 6.1 1.5

N . 617.4 556.0 | 532.7

Grand total......................... 636. 0 569.3 544.3

Number of workers . ...coeveeeeeneinnannn. 95,917 80,029 | 1,309 | 1,231 | 81,805} 32,186 | 13,498

1 Less than 0.05.
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376 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 11.—FREQUENCY RATES (PER 10,000,000 HOURS EXPOSURE) FOR SPECIFIED

DEPARTMENTS IN THE IRON AND STEEL INDUSTRY; 1910-1914

BY YEARS, 1915 TO 1919, BY RESULT OF INJURY—Continued.

ND 19151019, AND

BAR MILLS.
Result of injury. 1910-1914 | 1915-1919 1915 1916 1917 1918 1919
3.2 1.0 4.4 3.6 5.8 0.9

712.6 | 595.1| 858.1| 865.5
727.5) 603.3| 874.6] 884,01 682.4 449.2
20,992 | 8,232 | 8,042 7,472 8,459 | 3,807
HEAVY ROLLING MILLS.
Death. oo iiaearecaaanan 3.5 3.9 4.7 2.3 4.8 4.8 2.3
Permanent disability: Loss of—
Both feet .2

Any 2 toes.

Allother....cooveveennn...

6th-13th week.....
k&th week and later.

HNother.......covvvunnen.
Totaleeneraiiiinnennnnnns
Grand total..............

Number of workers.............

219.8 | 1441 152.5| 133.7
87.9 6L.4| 45.2| 65
44.7 3.1| 2.6} 387
25.9 20.0| 19.1] 225
17.9 5.1 1L7] 175
31,9 2.8| 18.7]| 33.1
8.2 71 47| Tei6
ORI 7.2 1.1 5 [eeeeanns
........... 443.5| 3057 278.0| 317.3
........... 459.7| 322.4| 293.9| 334.2
........... 67,663 | 62,967 | 7,148 | 10,006 | 20,630 | 13,788 | 11,416
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TABLE 11.—_FREQUENCY RATES (PER 10,000,000 HOURS’ EXPOSURE) FOR SPECIFIED
DEPARTMENTS IN THE IRON AND STEERL INDUSTRY; 1910-1914 AND 1916-1919, AND
BY YEARS, 1915 TO 1919, BY RESULT OF INJURY-—Continued.

PLATE MILLS.

Result of injury. 1910-1914| 1915-1919| 1915 1916 1917 1918 1919

g
Thumb and 1 finger .
Thumband4fingers...........co..]oeeianns.
Great toe........... .
Any 2 toes. .
Allother....ccviiieiiiirananannanas

235. 4 157.5 8.1 124.6 ] 187.8| 1842 150.3
104.9 64.0 41.5 71.2 78.4 59.8 63.0
52.7 32.7 20. 8 27.8 35.0 39.8 30.8
30.2 24.7 24.0 28.5 26.1 28.0 19.6
17.0 16,3 9.6 22.1 16. 8 16.5 15.2
32.2 26.5 1.4 33.5 27.6 28.7 2.9
7.8 4.40........ 2.1 59 5.4 4.8
1.4 2.31........ P B PO T2 ]eeeanns
481.6 328.4| 193.4{ 310.5| 377.5| 360.5 307.68

500.6 | 839.0| 200.3| 323.3| 3200.3| 378.1| 316.3
21,711 | 30,606 | 2,086 | 4,681| 6,765 9,502 7,612

1 finger
2 fingers.
Great toe..
Any 2 toes..... .
Allother.....cocvuviiiiiiniinnanan...

Temporary disability, terminating in—
Ist week....... hetevaeteneniraeaiaraas

Sthweek. ... ..o.ooiiiiiiiiiaaaaan.t
6th-13th week.......ocovvieieaanannn.

Grand total....................... ..

Number of workers........................

71087°-—22—25
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378 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 11—~FREQUENCY RATES (PER 10,600,000 HOURS’ EXPOSURE) FOR SPECIFIED
DEPARTMENTS IN THE IRON_AND STEEL INDUSTRY, 1910-1914 AND 1915-1919, AND
BY YEARS, 1915 TO 1919, BY RESULT OF INJURY—Continued.

ROD MILLS.
Result of injury, 1910-1914 | 19151919 1915 1916 1917 1918 1919
Death.............. peeenens e 2.9 leaeraie]rennanan 4.7 5.1 1.8

Permanent dxsabxhty Loss of—
larm

[ (AP F ) PO Lo ......

.7 L3 feeee.... 1.6

2.0 1. 2.7 1.0 3.1

T [ I PP 1.6

3.6 5.4 2.1 4.7

3fingers...... 2 )eenn.. PO P L6

..... W7 L6 eeenen.s .7 LOf.......

Any 2 toes A T 1.3 .7 LOf.......

All other 6.7 12.9 13.4 4.0 5.1 1.6

15.5 16.2 21. 4 15.5 11.3 14.2

172.6 | 181.1 1 15L1} 239.7} 133.4] . 93.5

94.2 79.2 89.6 | 117.1 98.5 54.5

35.4 37.2 38.8 36.4 42,1 17.1

27.3 14.5 26.7 37.7 23.6 21.8

12.5 17.8 9.4 13.5 16.4 3.1

29.1 35.6 26.7 20.2 30.8 43.6

4.5 4.8 4.0 4.0 5.1 4.7

2.9 |eeerannn]oncen .- 2.0 9.2 1.6

e PPN BUPY 378.5| 370.2 | 346.3| 470.6 | 359.1 239.9

Grand total...coooinieinniiniiiiiiteiinnennn. 396.9 | 386.4| 367.7 | 490.8| 375.5 256.7

NUIber Of WOTKerS oo eeee e e eeeeeeneeiideneeeans 14,894 2,062 2,493 | 4,951 3,249 2,139
SHEET MILLS.

1.5 1.4 1.8 2.0 0.6 0.6

Thug) and Ifinger... ... ... diien.

Thumb and 2 ingers........cceveover]ocvenaanns
Thumband 3 ﬁngers ..........
Great toe...ov...... .3
Any 2 toes.. . g
8.8 5.7 4.7 8.4 5.8 3.3 4.7
273.6 1512 1717 | 133.1} 179.9 9.9 137.3
1211 92.8| 109.6 | 105.2 | 103.7 35.7 87.0
41.8 43.5 48.0 48.4 48.2 20.1 43.4
22.4 21.7 21.1 25.5 24.3 9.2 22.3
12.8 12.6 14.3 14.8 14.0 8.4 10.0
20.3 21.1 19.3 27.0 23.6 10.4 18.4
6.2 4.0 5 3.8 5.1 1.2 2.7
L9 ) P 2 PO .3 L7 2.9 ........
500.1 348.0 | 389.5| 358.0] 400.6 | 180.8 321.6
Grandtotal......ccovveeiennnn. N 511.2 355.2| 395.7 368.1| 4084 184.6 326.9
Number of WOrkers..........ccovvueennn... 128,428 | 181,355 | 16,266 | 24,722 | 46,040 | 17,278 | 17,049

1 Less than 0.05.
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379

TaBLE 11 _FREQUENCY RATES (PER 10,000,000 HOURS’ EXPOSURE) FOR SPECIFIED
DEPARTMEN AND

S IN THE
BY YEARS, 1915 ‘TO 1919, BY RESULT

TUBE MILLS.

IRON AND STEEL INDUSTRY, 1910-1$14 AND 1935-1919,
OF INIURY—Continued.

Result of injury.

1910-1914

1915-1919

1915

1916 1917

1918

1919

Thumb and 4 ers.
Great toe..... fog

Tamparary disability, termmatmg in—

1.6

0.9

0.6 2.9

1.4

1st week 197. 4 106.8 1 113.5 26.1) 186.7 96. 4 0.7
2d week. .. 90.6 43.8 41.7 32.0 60. 4 42.5 32.8
3d w 42.6 21.3 18.3 18.8 27,1 20. 4 18.0
4th wmesk 2L.5 17.0 11.3 18.5 19.2 16.5 16. 4
5th week. . . 13.0 10.3 9.8 9.1 12.1 8.8 10.9
6th-13th week. ... 21.8 17.7 20.6 17.3 21.2 15.5 14.8
14th week and later 4.5 3.0 5.6 2.9 2.9 2.3 3.0
All other .6 P A P I, 1.3 b T
Totaleoeeeienanaaannn. 392.0 220.6 | 220.8| 124.8 | 330.8 | 203.1 167. 2
Grand total..._.._......... 404.9 229.4 220.3 133.0 | 342.3 211.9 174.1
Number of workers................ 78,838 71,816 | 7,109 ‘1, 356 | 19,819 | 18,600-| 14,433
MISCELLANEOUS ROLLING MILLS.
Death..ooiveiiiiiiiii .. 2.8 1.7 1.5 2.0 1.3 1.8 2.2
arm. .3 .1
i imnd .3 . %
1 fodi.. 4 . 3 )
leye.. 1.2 . 7 7
1 thumb. . 1.5 B 11 .2
1 finger.. 5.6 3 3.1 1
2 ingerS. .o ieiiiieaeeereeaana 4 b .2
3 fingers [, .5
4 fingers.......... 1. I 3 IR
Thumb and 2 fingers. - [O T PR SRR RS B FO PO,
Great toe......_.. .5 .2 I 2 TR,
Any 2 toes 3 4 I S P,
Allother..................... 1.5 2 L7 .7
LY R 12.1 83! 107 103 79 85! 6.7
Temporary disability, terminating in—
Ist week ... .oocociininao.. 327.2 222.41 203.0| 171.6§ 256.3 | 220.3 202.2
waek. . 182.7 81.6 72.5 70.51 107.5 72.9 62.9
3d week. ... 85.4 40.9 38. 40.4 48.8 37.8 34.5
4th week . . . 46,4 23. 4 16.8 27.2 32.4 19.4 15.6
Sthweek. ................ 27.5 16.8 8.4 19.4 20.3 13.2 19.1
6th-13th week 44.5 3L.6 19.8 39.6 39.4 27.2 26,1
14th week and later...... 7.1 5.1 3.1 10.7 5.1 4.3 4.1
Allather..... .. ............ 4.7 10,0 {........ .8 20.7 7.2 5.5
Total.coooeiriiiiiannans 725.3 431.8 ( 362.6 | 380.3 | 530.4 | 402.3 369.9
Grand total................ 725.5 441.8 | 374.81 392.6 | 539.6 | 412.6 378.8
Number of workers................ 98,809 | 80,380 | 4,367 ‘

8,082 l 24,811 | 29,188 | 18,988

1 Less than 0.05.
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880 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 11.—_FREQUENCY RATES (PER 10,000,000 HOURS’ EXPOSURE) FOR SPECIFIED
DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1910-1914 AND 1915-1919, AND
BY YEARS, 1915 TO 1919, BY RESULT OF INJURY—Continued.

FABRICATING.

Result of injury. 1910-1914 }1915-1919 1915 1916 1917 1918 1919

Any 2 toes
All'other

459. 5 3337 211.83| 178.7 | 342.0| 3781 318.2
162.7 104.3 77,7 113.1§ 116.3 | 104.8 89,0
63.9 40.8 34,0 56. 2 49,2 35.4 35,0
33.8 4.7 21.0 43.5 29.1 2.5 19.3
23.4 4.9 18.3 25. 4 20.2 9.0 13.8
34.5 27.7 38.4 38.2 30.2 26.3 20.8
4.9 4.8 10.5 15.4 4.4 3.2 3.4
.5 F 2 I 3 PR .6

783.2 551.1| 411.2| 470.5} 591.8 | 578.3 500.0
798.9 | 564.1 | 426,9 | 492.0| 604,2| 584.0 505.3
108, 5381 77,078 | 8,818 ‘ 4,980 | 23,382 | 29,167 | 15,732

FORGES.
L9 ! 24| 1o 5.4
. 3 UUUTOON IO L2 |,
3
B LI
.6
.9
.3
3.8
9
3
3
3

1 Less than 0.05.
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APPENDIX—DATA UPON WHICH REPORT IS BASED. 381

TABLE 11.—FREQUENCY RATES (PER 10,000,000 HOURS’ EXPOSURE) FOR SPECIFIED
DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1910-1914 AND 1915-1919, AND
BY YEARS, 1915 TO 1919, BY RESULT OF INJURY—Continued.

WIRE DRAWING.

Result of injury. 1910-1914  1915-1919| 1915 1916 1917 1918 1919

B
=
I
8
-
=
»
'S
©
134

1t Week. . ooiiicieiiiiiiiiciiiiieniferneianaan

8
2

POISTRDR

&

=

o]

I =2
~EREEE
N BOOO

et RO R

. =RERE
RS

BOCTUI OO
-
=
N
w
N
2l =BeBRE
(=

TOtAl < ennmeeeaeaaeeennreneanalaneananns 436.1 | 776.6 | 615.6 | 412.8 ! 258.9
Grand totale.....ooeemieinininnnniafieiian, 457.4 | 803.3 | 653.3 | 423.8| 275.7) 223.4
NUMDEr Of WOTKErS .. eennnnannennnsfonnenannns 51, 967| 7, 359| 9,551 | 18,727 | 12,757

oo
S
S

ELECTRICAL.

Death..oiieveneiennnaiann... Jerseseenecen 7.6 &9 1........ 12.2 12.2 4.4 9.1

Permanent disability: Loss of—
arm.

Thumband 1 finger....o.ooooieiiieieeaanannns
Thumb and 3 fingers.....co.ooovieioia]ecacananss
Greattoe......coeinnenanieian..s . .

Any two toes
All other....

Temporary disability, terminating in—
Tot WeeK. . oovoiiiinrienimeranenannnnn
2d week.....
3d week.....
4th week....
5th week......
6th-13th week. ..
14th week and later. B
Allother.... ... iiiiiiia.

SPrOoNDH

:_‘.mgu—u—\woog
SOHRIONRID

]
=3
=
.

'

e
5
o

Grand total......covviniinninannes 471.3
Number of workers........oooaenvaevncnann 14,421
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382 ACCIDENTS IN THE IBRON AND STEEL INDUSTRY.

TABLE 11.—-FREQUENCY RATES (PER 10,000,000 HOURS’ EXPOSURF) FOR SPECIFIED
DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 3910-1914 AND 1915-1919, AND
BY YEARS, 1915 TO 1919, BY BESULT OF INJURYContinued.

MECHANICAL.
Result of injury. 1910-1914 | 1915-1918| 1915 1916 1017 1918 1919
3.5 3.0 17 1.8 4.3 2.4 3.9

........ O}
.2
.2

.2 .2

.3 .3

12 14

.8 .6

4.2 3.0

.3 .4

.2 .4

® -1

.1 .1

) .1

1 .1

.1 .1

Any two t 1% 3 RSO, .3

All other. 2.4 8.4 L6

* 10.5 15.0 8.9
318.7 192.7 | 18L.5| 226.2 ] 256.4 | 140.7 209.8
137.9 67.4 64.6 84.5| 100.7 4.4 59.7
56.81.  29.7 26,7 39.8 45,9 187 27.4
3.3 20.1 12.8 29.6 318 12.5 17.5
18.8 13.4 6.7 2.5 23.1 7.1 10.6
36.3 24,8 21.7 31.5 42,2 11.2 29.8
8.0 4.6 4.5 7.7 8.7 2.2 2.5
2.7 L1 .6 .6 2.3 .9 .4
Total.cen s 610.5 353.8 1 3190.0 | 442.3 | 520.2 | 234.6 357.7
Grand total.........coeiiiiiiiiiaia. 627. 4 367.3 | 335.7] 461.0 | 538.0| 245.8 367.4
Number of workers....... ... S 97,162 | 137,267 | 5,987 | 16,920 | 33,328 | 68,003 | 23,019

POWER HOUBES,

Ao Y SRR 224.3 133.8 |.o.en.etn 284.3 | 130.3 | 122.8 | 119.2

Grand total............ooiiinilt 235. 4 142.3 |........ 294.1 | 140.7 | 138.6 | 125.8

Number of workers. .. ....c.cceiiieiannn. 8,083 10,804 |........ 6801 3,837 | 3,366 ’ 3,021
1 Less than 0.05.
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APPENDIX—DATA UPON WHICH BEPORT IS BASED. 383

TasLe 11 —~FREQUENCY RATES (PER 15,060,060 HOURS’ EXPOSURE) FOR SPECIFIED
DEPARTMENTS IN THE IRON AND STEEL INDUSTBY 1910-1914 AND 19151019, AND
BY YEARS, 1915 TO 1919, BY RESUYLT OF INJURY—Coniinued.

YARDS.
Result of injury. 1910-1914 | 1915-1919| 1915 1916 1927 1918 1919
Death . ...t 6.7 5. ... 5.1 7.6 4.7 6.0
Permanent disability: Loss of—
{Sotheyes..........._-_,.._...._..... ..........

REOTS ... 0eeese e :
Thumband 3 fingers .
Thumb and 4 fingers ..
Greet t08. . .ooemmnii el
Anytwotoes. voueneniaceiancnanann.
. Total. e
’l‘sn?wrsry disability, terminating in—
stwesk . ... ..o, 251.0 170. 216.8 1 202,51 1915 | 116.¢ 202. 5
eek 105, 2 67.7 61.6 82.8 83.9 48.3 59.8
45,9 27, 24.3 39.1 20.0 20.8 32.5
24.3 18.9 20.'8 17.8 19.7 17.5 22.2
17.6 12.2 10.4 12.7 13.3 10.6 15.4
32.7 28,7 25.2 31.8 30.3 22.4 45.3
6.4 6.3 2.6 7.6 7.6 4.9 7.7
2.6 .25 N RO FR 4.2 3.1 7.7
485, 7 335.3 | 361.71 394.3 | 379.7 | 244.2 393.0
507.1 357.1 | 37471 423.2 | 403.6 ) 261.1 423.7
Number of WOrkers.....oueeenuneeneeennn.. 65,932 | 47,685 | 8,843 | 7,858 115,732 | 16,355 | 3,902

231.1 116.1 | 178.0 7 133.6 ] 132.4 90.0 110.0
74.0 38.3 30.3 24.3 60. 8 28.5 36.8
35.1 17.3 10.1 213 26.5 15.4 12.3
18.1 10.3 12.1 12.1 13.2 10.9 7.2
16.6 7.2 2.1 7.6 7.2 6.3 6.7
23.1 13.5 10,1 16.7 15.0 1.3 4.3

7.8 4.0 2.0 9.1 4.8 4.1 2.0
3.5 .9 4.0 3.0 ) 2 PO
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384 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TABLE 11.—FREQUENCY RATES (PER 10,000,000 HOURS’ EXPOSURE) FOR SPECIFIED
DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1910-1914 AND 1015-1919, AND
BY YEARS, 1915 TO 1919, BY RESULT OF INJURY—Concluded.

ERECTION OF STRUCTURAL STEEL.

Result of injury. 1910-1914 | 1915-1919 | 1915 1916 1917 1918 1919
20.1 33.2 33.0 34.6 27.0 215
Ist week...o.ovviineneinianiniiiiinnen 371.8| 589.5) 366.0 689.2 | 602.4 511.6
2d week. . 101.2 | 157.7} 148.41 20..8{ 127.0 116.1
3d week. 56.6 { 103.8 72.6 | 124.0 62.1 60.2
4th week. 35.7 87.2 62.6 46.1 37.8 43.0
Sthweek.oo.oooniiiiieiininninns 24.5 9 56. 1 37.5 27.0 38.7
6th-13th week. ... ..coiiviiinininns 62.9 4.7 79.1| 126.8} 110.8 60. 2
14th week and later 18.7 4.2 42.9 49.0 16.2 215 .
Allother.....oovvivnieninnannnnns ceee P28 PO PR PR P 17.2
b X171 RPN 673.2 [1,041.9§ 827.6 |1,274.5 | 983.3 868, 4
Grand total.......cooovvivniiriinene|iennaanans 708.8 11,104.2 | 870.4 11,352. 4 {1,018. 4 920.0
Number of WOrKers .........ccoieririeneesloneennnnns 7,477 803 | 1,011 | 1,156 | 1,234 s
UNCLASSIFIED.
Death. . ...coeeceaenrnaasceoncnncanenenena|ocanneanns 2.4 2.5 2.3 3.0 1.9 2.2
Permanent disability: Loss of—
Bothlegs....oooociiiiiiniirneaceas O [0 T PR [% 1 PRSI ST ceveeene
Both feet . [0 TR POCPTIRE P R .. .1
1 .1
.3
seeeennd
.7
.5
2.2
.8
.1
2
.1
.1
.1
seseend
.4
5.9
Temporary disability, terminating in—
1st week. . 179.2 | 214.4 | 183.8¢ 200.5| 155.9 178.2
67.3 88.6 79.0 81.3 54. 8 58. 4
316 42.7 36. 8 3L 8 27.6 32.0
19.6 25,4 2.1 23.1 16. 4 18.1
1.7 14. 4 12. 4 12.7 10.0 12,2
24.0 33.7 32.7 26. 4 18.2 23.5
5.1 6.0 7.8 6.5 4.1 3.7
9.6 |........ .1 6.5 17.9 6.6
L1 \117:Y ST PO, 348.1( 425.3) 373.6) 383.7| 3050 332.7
Grandtotal... ...l 358.71 434.1| 385.8)] 399.6| 316.4 340.8
Number of Workers .o..oveereneeeeneenenedeennnnnns 268,791 | 21,647 | 84,216 | 68,130 | 97,613 | 62,386

1 Less than 0.05.
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TABLE 12.—NUMBER OF CASES OF ACCIDENT, AND AVERAGE TIME LOSS PER CASE,
IN SPECIFIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY

OCCUPATIONS,
Aver- Aver-
Num- | 88 Num- | 282
Department and occupation. | ber of |S€VEIY || Department and occupation. ber of {SeVerity
cases. | DOF cases. | DeT
case case
(days). (days).
Blast furnaces. Open hearths—Concluded.
Blacksmiths...................... 21 579.8 | Pipefitters.................coill 12 17.8
Blowers.............o.ciiiieaan 24 767.1 itmen..........oooooiiiiiinn, 295 37.
Boilermakers ............cceeuu.. 74 97.8 || Repairmen.................c.... 10 23,
Brakemen............... ... 23]1,1290.1 | Riggers..............coo.ocooie.t 12 102.9
Bricklayers........c.coeeienannnn 16 498.9 || Scrapmen........coeaciiieniann.n 18 16.3
Carpenters..........o..c..neeenan 18 189, 7 || Shear men... 12 43.3
Cinder snappers. ............ee... 12| 135 Steel pourers. . 179 26.1
Cranehookers. .......c.ooueeun... 17 28.6 || Stockers...,.. 193 110. 4
Cranemen «........oceeeeneennnnnn 18| 347 Stopper setiers. 20 3L.9
Engineers. .........oeeoeeeeaunn- 20 29. 2 || Switchmen 74 184.9
Firemen.......oooueeeunnnnnnn. 31 74,7 || Unclassified 182 281.3
Foremen..... .._....... ... .. 30| 166.4
Handy men... 19 15,7 Total.oee e iiiiieceraeane 3,362 114.6
Inspectors..... 14 439.1
Eegpers .......................... 229 216. 7 Foundries
110700 =) ¢ J N 740 9, 8 i
Ladleliners /1111111111110 12| 22,9 || SOIPROIS oo | ne
Ladlemen...........cc.ccvinnnn.. 32 90.3 Crane hOOke!:S. '''''''''''' 181 115' 1
Larrymen.... ....__............. 651 110.6 || Cranemen .......ooonooroiil 23 9.
Machinists. .. 53 163.8 Il Foremen.......omooomnroo 0T 28 21.5
Millwrights. . 20 7.1 | Grinders.....ooomooo 82 1.2
olders. ... 10 26.3 [ INSPEOLOrS ... onvnneornsnomrnns 10 20.
Oilers.......oooieieiiiiiiiian, 49 223.7 LaDOTErS.n om0 384 36. 2
Pig-machinemen.............._.. 11| 858.9 [l Tadlemen. .. .n.. ool " 11 11. 4
Pipefitters..........coooiiio.... 40 205, 1 Machinists. .. oo oo 22 13' 9
Repalr B2t 1) 26 167.9 Melters " T 24 41‘4
Riggers. ..o, 96 266. 4 Molders. cretneTmeTemnmenernees 251 74' 1
Stockers........iiiiiiiiiiinn.. 18 235. 6 Rammef'é SoUTrmermmomerecramrene 30 117' 1
Stovecleaners.................... 17 358.7 Roughers TTrroTonemrmmesTiriett 11 566.0
Stovetenders..................... 36 176.6 | Sand DIasters. ......oe oo 30 2.3
Switchmen. ...................... 27 462.7 || Stockers. . ... ..oooon 14 19.9
Water tenders... .. 1111 13| 123 Watehmen NI 6| 1sie
Unclassified...................... 188 169.9 Uneclassified . ........ooooonns 229 114.6
Total....ooeeniiiiian. 2,128 | 211.8 TOAL. e eeemeeereaeenn. 1,640 | 63.9
Bessemer Heavy rolling mills.
Brakemen.......oecveeeeecunann.. 17 415. 4
Cranehookers.................... 11 | 1,135.6 || Bottom makers................... 52 14.8
Foremen.... .....c.oceeeerncnn.. 12 42,3 || Chippers...................ceaeen. 206 114.8
Laborers. ... .....oeiineannn. 229 139.8 || Cindermen..........cocvnvnnvens 11 40.7
Ladlemen........................ 25 504.9 |! Crane hookers..................... 59 42,4
Mold CapPers. ..uueneeieanaannnn i1 595.2 || Cranemen ... ......c..c..iiiiannns 76 9.9
Pitmen. ....ooooooveveiinaoon. 10 23.3 || Engineers... 35 215.7
Riggers .. ..u i 14 52.4 || Foremen..... 28 19.2
Steel Pourers. ...ooeeeeeenennna... 19 16.9 1| Guidesetters 16 6.3
Stockers.........coiiiiiiiiaen... 19 124, 8 || Handy men 15 486, 7
Switchmen...._.................. 20 86.9 || Heaters......_....coooiieiiaa... 44 i61.2
Vesselmen. ... ................... 21 49,0 { Hot-bedmen...............c..... 42 74.3
Unclassified...........o.o..oo.... 154 220.2 || Inspectors.........o.oeiiiiiiilt 37 36.5
Laborers......ccoooiiiiiiiiiiia. 802 99, 4
Total....oooiieiienianiaaann.. 562 198.6 || Linermen... . .................. 34 201.3
Loaders...........oo.oooiiiia. 41 38.9
Open hearths. Machinists...............ooaaanlt 74 227.1
Millwrights. ..............ocooo.. 80 174.7
Blacksmiths...................... - 16 17141 Oflers....ooioiioiiii 71 276.9
Brakemen........................ 21 91,2} Pilers... ... ..ceoiiiiiiiiiiain 24 22.0
Bricklayers....................... 29 221.7 || Pipe ALers. o oo 11 52.8
Charging-car operators............ 20 19.0 Rlﬁfers .......................... 41 111.7
Chippers. ..........oo.ooieiaae.. 13 5| Rollers..oovvevivnenniiao.. 36 86.4
Cinder snappers........c....... . 44 288. 8 || Roll hands. 27 75.5
Cranehookers.................... 73 105.6 || Sawmen. 27 18.1
Cranemen...._................... 79 [ 188.3 || Scale men. 25| 2611
Dooroperators................... 43 17.5 || Serap men 24 15.3
Firemen.... .._.......... ... ... 48 13.3 || Shear men 53 3.5
Foremen. . R 57 186. 8 || Stampers... 20 23.2
Gasmakers 30 14.3 || Stockers...... 36 20.9
Handy me 11 11,2 j! Straighteners. 32 21.3
Inspectors. 23 536.3 || Switchmen 10 42.8
Laborers. 1,080 127.6 || Tablemen 22 9.9
Ladlelin 12 510.8 {i Tong men 14 29.4.
Ladle men 72 157. 2 || Burners. . 14 49.2
Machinsts. 27 13.7 || Unclassifie 251 96.0
Melters. . 588 70.7
Mulwnghts 39 327.3 Total....cueeieniinninnnaa. 2,390 103.6
MiXer Men..veuececnioncarennannns 30 10.9
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386 ACCIDENTS IN THE IRON AND STEEL INDUSTRY.

TasLE 12.—NUMBER OF CABES OF ACCIDENT, AND AVERAGE TIME LOS3 PER CASE,
IN SPECIFIED DEPARTMENTS IN THE IRON AND STEEL INDUSTPRY, 1815 TO 1018, BY

OCCUPATIONS—Continued.
Aver- Aver-
Num- | 28° Num- | 28
Department and occupation. | ber of wveerrity Department and occupation. | ber of seveé-rxty
cases. | Do cases. | PO
(days). (days).
Plate mills. Fabricating—Concluded.
(1513523573 o SN 1 18.2 -
Crane hookers.. 55 33.5 17 1.8
21 21.8
25 254.1
20 13.4
12 2.3
138 53.5
37 3.4
136 2.3
S - o0 116
20 315.0 17 o4
24 123 0| 139
831 54.8 58 12' 4
R als - 36| 143
I e | sy
18 62.0 oot :
27 29.1
13 15.7 1,584 64.4
22 20.7
B
1 .
34| 455 8| 655
Stampers. ... . 14 1.1 79 120.2
Unclassified .. ....cocoovvnienian..n 192 84,3 ?8 257.1
1 9.4
Total..veeneeriiaiiiias 1,885 58. 4 g} 72{9};
Tube mills Miltwrights. 1 10 e
Bellers.......ooooiiiiiiiiaiaaaa. 12 24.7 §f Repair men . 40| 175.3
Crane hooker: 26 66.2 || Wirgmen..... - 16 | 380.4
Laborers. . . 198 60.5 || Unclassified...................... 66 211.9
Loaders. .. 19 1 1,007.2
ini 14 4.4 Total it 489 194.8
Machine hands 17 80.2 .
Pipe cutters. . 71 31.5 Mechanical.
Pipetesters....................... 19 1.1 5
Pushers. ......coooiieeiiiiiaa... 10 37.5 | Blacksmiths...................... 183 26.0
TADPOIS . e ceneivnvnnreerancncnnas 10 26. 3 | Boiler makers . 325 7.7
Welders. .....ocvmeiniunnnnnnnnnns 18 24.1 || Bricklayers... I 200 83.1
Unclassified......ccooeiiaiennianns 208 237.1 || Carpenters. .. .- 124 74.1
Crsne hookers. . . 36 30.1
622 144.4 || Crapemen. ... . 18 339.2
Drillers......cooooiiviiiieaiie. 49 28.5
Electricians. . .ooovaveeconenoaon. 10 606. 1
Engineers. . .....coccniiecnan.. P 14 38.3
72 30.2 ) Foremen. ........ocooviiviiunnnn. 36 251.2
63 13.6 [ Grinders.....ccommmrneiminaaa.... 10 2.3
100 45.9 {| Hammermen. .. ................ 16 31.3
38 46.8 ) Hapdymen. .......c..ceceeann... 43 22.0
58 15.5 || Laborers. . .....vomennieninnnnnn. 284 45.3
12 67.6 || Machinists. .. ... ............... 815 55.2
84 16.4 || Machinehands................... 84 35.5
73 17.3 § MiBlwrights. ... ..ol 120 126.3
33 4.4 || Oilers. ...l 22 50.7
15 7.7 3 Painters.... ...o.o.iiiiiiiiiil. 28 447.6
98 55.9 {| Patternmakers................... 26 49.7
69 22.8 || Pipefitters........c.coeeiiennna... 144 97.0
Repairmen. . ...ooooeiiieenann.. 42 61.6
715 29.8 || Riggers.....ec.ouieiinii.... 280 92.2
Riveters.......oooveioiieiinai.. 76 10.5
Egﬂe{f eI 21’8 1(3); -5
Benders................ooiiial. 23 52.1 Sf.lx:f 4 e:l irs """ ers T 12 6‘3
Bending-machine operators....... 13 23.6 CLUrgIrOn WOPkers ... ... bie.
gﬁksmlths ______________________ 1:1’.(1) ﬁ)g g Undassified. ... .............. 164 158.2
OIS e e neneee e eaaas .
guck-ug)s.-. ;)g ?gi Total. ..o, 3,191 78.8
arpenters. .
Chippers. . ..... 22 44,4 Yards.
Crane ho 51 158.1 || Brakemen...............c.ooooaae. 92 391.0
Drillers..... 19 341.3 §{ Crane hookers.................... 39 181.8
Fitters. . 70 115.8 || Cranemen........c...o.oooeioa.. 17 727.4
Foremen 31 32.1 || Engineers. . ........cooiieniaa.. 84 150.8
Laborers 279 62.0 || Firemen.......................... 48 280.6
LAyOrs-OUb- . covreerecnanccannnan 18 9.7 || Foremen.......o.oooviiiiaiain . 12 528.1
Machinists.... .. beeeeencrcennanaen 117 22.4 1l Laborers. . ..ccccveeennnnnen..s et 476 130.4
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387

TaBLE 12.—NUMBER OF CASES OF ACCIDENT, AND AVERAGE TIME LOSS PER CASE,
IN SPECIFIED DEPARTMENTS IN THE IRON AND STEEL INDUSTRY, 1915 TO 1919, BY

OCCUPATIONS—Continued.

Aver- Aver-
Num- age Num- age
Department and occupation. | ber or seve:;ty Department and occupation. | ber of Sevf;ty
cases. | D& cases. | DO
(days) (days).
Yards—Concluded. Unclassified—Concluded.

(931753 ¢ T 10 611.4 || Lever men 13 11.0

Repair men. . 23 23.6 || Loaders..... 84 90.7

Switchmen.. . 414 183.0 || Machinists 294 94.7

Unclassified......ccovmneniann... 86 254.9 || Machine hands...... 201 23.8

Matchers............ 24 9.9

b V11 7 D N 1,301 197.0 i} Melters............ 22 21.1

Millwrights. _...... 98 170.0

Unclassified. Molders 29 23,1

Oilers. . 60 206. 2

Axle cutters 27 14.0 Openers ........... 17 12.4

Axle makers.. . 54 13.2 || Painters........... 36 179.9

Axle turnpers.. . 34 10.0 || Oilers............. 38 15.3

Blacksmiths............ . 47 279.5 || Pipefitters........ 26 19.5

Boiler cleaners.......... 22 290.8 || Press hands. 17 37.9

Boiler makers. ......... 18 13.2 || Puddlers.. 43 16.7

Brakemen.. 17 375.5 || Punchers.. 31 315

Bricklayer: 36 15.5 || Repair men 54 133.6

Bundlers,. 53 17.6 || Riggers. 77 120.7

Carpente! 41 16.5 || Riveter: 21 27.2

50 16.7 {{ Rollers.... 88 20.5

62 212.0 || Roll hands.. 76 14.5

197 71.3 {| Roughers......... 65 52.8

260 103.3 || Saw men.......... 34 194.5

87 158.9 |i Serap men......... 28 78.5

16 12.5 || Shearmen ......... 197 3L.9

28 234.6 || Stampers.......... 18 7.9

Electnclans e 27 22.9 || Stockers........... 72 15.2

Engineers............ 45 159. 2 || Straighteners...... 46 15.4

Feeders...o.oeeeeeen... 14 194.1 |} Stranders......... 32 11.6

Finishers............. 12 17.0 || Switchmen........ 29 152.0

Firemen.............. 97 339.5 || Tong men....... 21 208.2

Foremen............. 111 237.4 || Truckers........ 41 12.5

Gas makers.......... 18 16.7 || Watertenders.................... 17 19.2

Grinders............. 29 2.9 || Wiredrawers..........c.oovenvennnn 94 44.4

Hammer men........ 92 35.3 || Burners......... 11 560.5

Handy men.......... 23 21,1 || Wheel rollers.... R 73 30.8

Heaters.............. . 125 21.0 i Wheelturners..... . 29 28.2

Hot-bed men......... 34 16.2 |i Forging operators. . 37 20,1

Inspectors.......... . 50 85.9 i Uneclassified.....ooviiieniennnannn 750 130. 8
Laborers........... . 2,388 93.7

Ladle men......... - 14 34.0 Total ooeeeenieriiiiaanannen. 7,172 92.03
Layers-out....cuereienncnnnnnenn 11 9.0
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A.

Accident causes:
Bessemer department..csveeses
Charting of......cvoiiieiinannan .
Departments, specified, over a period of years..
Foundries.......cecveieiiiiiiiiiiiiniinianene
Open hearths
Relation of, tolocation, nature, and results of injury .
Use of rates in study P AU
Accident, definition of. . . .ooiiiiiiii ittt creaeraeane
Accident factors, other than cause, use of ratesin the study of . cveeiiiieiiiiiiiiiiiiiierioanas
Accident rates:
Frecﬁgncy, method and USe Of.e.u .o ittt itiriie i icieraaraearaaaanas cteee. 20,21
In blast furnaces, 1906 and 1913 compared. . ..
Influence of World War upon...........coaeee.
Preparation and use of . ..o.ooiiiiianiiiiaann..
Severity, method, anduse of..........cceun....
Accident record 0 1920.. .. ... coeiiivniirnn ittt iee e ieaaaaaae
Accident reduction methods in mechanical department and fabricating shops.
Accidentstandard of comparison, new, for iron and steel industry...........
Accidents, distribution of, through the hours of the day.............
Accidents, extent of reductionof.....ccovevvnvenen...
Accidents, illustrative cases of:
Cases involving unavoidable trade risk
Cases preventable by care on part of worker or fellow
Cases preventable by some form of ‘“engineering revision”...........
Accidents. (See ¢lso Causes and prevention of accidents; Charts; Rates,
ﬁ%e of workers, a factor in causing and preventing aceidents................oiiiiiiiiiiiiiaa.
cohol, possibie influence of use of, upon accidents
Arithmetic and percentage scales, COMPAIISON Of.....uieurneriiiireieariirerieeesrescasanns .. ,
Arithmetic charts, erroneoususe of..._............... cecvenseanss 305-308
Asphyxiating gas, a cause of accident in blast furnaces. ....cveeeeeieriernieenicieeniicaens ceevesses 63-65
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