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The historian Maury Klein has pointed out a ‘continued neglect’ of the
diesel locomotive in nearly all facets of railroading. Diesels were the sort

of transformative innovation made famous by the economist Joseph Schum-
peter. They changed nearly everything about American railroads and the lives
of American railroad workers, and one neglected aspect of this transforma-
tion has been the safety of work. ‘For the first time in . . . forty-four years, a
full fiscal year has elapsed without the occurrence of a steam locomotive
boiler explosion,’ the Bureau of Locomotive Inspection of the US Interstate
Commerce Commission (ICC) announced in 1955.1

While it was hardly a coincidence that the end of boiler explosions coincided
almost exactly with the eclipse of steam and the triumph of the diesel, the
change-over in fact did comparatively little to improve trainmen’s safety. Well
before the triumph of the diesel, a host of small improvements to steam power
had sharply reduced its dangers. As historians of technology have stressed in
other contexts, incremental technical change, not great innovations, held the
key to safety progress.2

American locomotive safety in the nineteenth century

In 1911, when the Bureau of Locomotive Inspection opened for business,
locomotive safety had been improving for decades. While no hard figures
exist on accidents to nineteenth-century American locomotives, anecdotal
evidence suggests that they were common during the early decades of Amer-
ican railroading. The first train accident involving a fatality was the boiler
explosion to the locomotive Best Friend of Charleston on 17 June 1831 that
resulted when the fireman tied down the safety valve. Soon after, investiga-
tions by the Franklin Institute and others dismissed many fanciful explana-
tions of boiler explosions (for example, that water under pressure
decomposed into an explosive mix of hydrogen and oxygen) to focus instead
on boiler design, low water, excessive pressure, and corrosion, in addition to
dangerous operating practices. Despite their findings, the scientific and rail-
road press continued to report a sprinkling of similar disasters. Thus in Octo-
ber 1851 the Philadelphia & Reading’s Minnesota blew, killing her fireman,
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because the engineman had shut off the pump. Several years later when a Bal-
timore & Susquehanna locomotive exploded, investigation found that the
firebox had corroded to only a third of the original thickness.3

Beginning in 1873, and continuing to 1900, the Railroad Gazette compiled
data on train accidents, including those involving locomotive boiler or cylin-
der explosions and broken rods. These figures included most locomotive
accidents that resulted in fatalities or injuries, and while not comparable to
modern data they can be employed to spot trends. As Figure 1 suggests, the
early days were dangerous indeed, with annual accident rates sometimes
exceeding two per thousand locomotives. From 1873 to 1886 the Railroad
Gazette’s data yield an average yearly accident rate of 0.8 per thousand loco-
motives, which was admittedly a considerable undercount. In 1887, a typi-
cal year, the Railroad Gazette reported thirty-three locomotive accidents;
sixteen of them were explosions that killed fourteen trainmen. Locomotives
were long-lived; over two decades such an annual risk implied the sobering
fact that 2 per cent of all locomotives would experience a serious accident.
In Britain, by contrast, much more complete reporting yielded a rate of 0.46
per thousand over the same period.4

Despite the Franklin Institute’s warnings, accidents continued to reflect an
array of bad design and operating practices. Carriers routinely exceeded
designed boiler pressures, which, in a rickety old locomotive, might bring
disaster. In 1868 the American Railway Times reported a boiler explosion on
a Grand Trunk locomotive that was twenty years old and which had boiler
iron corroded to one-third its original thickness. In 1870 one engineman
claimed his road ran such long trains that if he followed the rules on steam
pressure he could not start the train. Raising boiler pressure remained a temp-
tation well into the twentieth century. In 1927 the Rio Grande’s mechanical
engineer explained that raising pressure from 185 p.s.i. to 200 p.s.i. exceeded
allowable stresses on a host of working parts and probably was the source of
increased frame failures the company witnessed.5
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Figure 1 Locomotive accidents from explosions and broken rods, 1873–1900. 
Source see text
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Low water remained a fruitful source of disaster (Figure 2), but locomo-
tives had many other ways of killing or maiming trainmen as well. Bad main-
tenance routinely took its toll. Locomotive Engineering reported one carrier
that had locomotives with hollow stay bolts intended to leak when broken
simply plugged the leaks. ‘We are surprised that engineers can be found who
are fearless enough to run locomotives treated in this reckless fashion,’ the
editor sputtered. Failure to fix broken stay bolts was probably what caused
the engine Jupiter to blow up on the Fall River Railroad on 3 November
1880, for the company sent it out knowing that there was a leak. Gilbert
Lathrop reported that one engineer on the Rio Grande was killed when the
reversing lever failed to latch and hit him in the stomach when he opened the
throttle. The engineer J. Harvey Reed reported that, when the main con-
necting pin broke on a Rogers Mogul locomotive he was on, the side rod
acted like a flail, tearing up the cab. In 1887 the Gazette reported seventeen
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Figure 2 Diagram of the result of a boiler explosion on the Atlantic & Pacific Railroad,
1 November 1887, probably caused by low water
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such accidents; one of them, to locomotive No. 72 of the Rome Watertown
& Ogdensburg on 16 July, killed the engineman as it was drawing a special
train containing President Cleveland and his wife. Some companies were
especially accident-prone. The Reading had six boiler explosions in 1892, a
rate of 4.29 per thousand locomotives, and it killed twenty people, while
nationwide the failure rate that year was 0.37 per thousand.6

The men in charge of the steam locomotive were the master mechanics, and
most were members of the Master Mechanics’ Association. By the 1880s,
while old-style cut-and-try mechanics still dominated the organisation there
was a sprinkling of scientifically inclined, often college-educated, members.
The Mechanics’ activities largely consisted of what Steven Usselman has
described as ‘running the machine’. That is, their main concern was in increas-
ing locomotive efficiency and hauling capacity through incremental techno-
logical change or improved work practices. Safety was also an indirect
concern, for a dangerous locomotive that broke down or blew up was also an
inefficient one. Hence, while improving safety was not the dominant motive,
most innovations in locomotive technology and operation reduced risks.7

Mathias Forney was a mechanical engineer and inventor of a tank engine,
and from 1870 to 1883 he was editor of the Railroad Gazette. He was there-
fore both an expert on locomotive design and thoroughly familiar with that
journal’s accident data. While largely self-taught, he was representative of the
newer breed of scientifically inclined railroader. Forney thought many boil-
ers poorly designed and their construction ‘wretchedly defective’. At the
Master Mechanics’ 1880 meeting Forney proposed a discussion of how to
secure boiler crown sheets. He explained that British builders employed stay
bolts attached from the crown bars to the boiler shell, concluding that ‘boiler
construction in England is ahead of American practice’. A representative of
the Lake Shore agreed, saying they followed British practice, while another
member claimed that it ‘was fast coming into use in this country’.8

The journal Railway Master Mechanic also wondered ‘how long will it be
before locomotive boilers will be properly stayed to meet the requirements
of the heavy modern pressures’, and complained that the threads on stay bolts
were not upset, thereby weakening the rod. Forney noted that American
locomotive construction was defective in other ways as well. American
builders employed riveted lap joints, and the normal expansion and contrac-
tion during heating and cooling led to metal fatigue and failure. British
builders employed butt joints with plates over top and bottom that were less
prone to bending and also placed less shear on the rivets. British locomotives
also had fireboxes and steam domes with fewer, stronger, joints, and they
used heavier boiler iron than did the Americans.9

In a few instances builders modified designs simply to improve safety. In
1881 Forney read a paper to the Master Mechanics in which he cited a
dozen accidents from the pages of the Railroad Gazette in which steam from
the boiler killed or maimed trainmen or passengers. Forney pointed out that
it was rare for the boiler shell to rupture; instead the damage was done by
an attachment that broke off, perhaps in an otherwise minor collision or
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derailment. In one wreck the engineer died when a broken gauge cock dri-
ven into his side steamed him alive. There were twenty-three openings in the
boiler with attachments that might break off, Forney noted: a design that
resembled a porcupine, as he later remarked. Forney’s plea got results. By
the 1890s usual practice was to place all the attachments on a single stand
attached to the boiler. In addition, some roads also installed check valves to
the attachment inside the boiler so that an abnormal flow of steam would
automatically close it.10

Gradually both methods and materials improved as a result of a host of
cumulative modifications in design, construction, operation and maintenance.
These included the use of thicker, better-quality iron, and in the 1890s the
introduction of steel for both boilers and rods that was purchased by specifi-
cations and tested for quality. Cast steel frames also appeared about the same
time, while alloy steels arrived in the twentieth century. Companies began to
employ vibration tests of stay bolts to guard against metal fatigue, while hol-
low stay bolts also reduced risks (Figure 3), as did better boiler staying and
washing, and improved lubrication. While some of these innovations were
patentable, most were not. They were the result of trial and error, reported
on by many individuals and railroads. Locomotive improvement was there-
fore much like the sort of collective invention that Robert Allen has described
in iron and steel making. Locomotive design also became much more scienti-
fic when, in 1891, Professor W. F. M. Goss of Purdue University developed
the first locomotive testing laboratory. Other locomotive test facilities were
established on the North Western in 1895, at Columbia University in 1899,
on the Pennsylvania Railroad in 1904 and finally at the University of Illinois
in 1914. In the twentieth century Goss’s work would allow locomotive
builders to optimise all aspects of locomotive design (see below).11

Between 1873 and 1900 accidents declined about 75 per cent from 
two per thousand to one per two thousand locomotives. By the twentieth cen-
tury, steam locomotives were far larger and carried steam at much greater
pressure than a generation earlier. They were also far better designed and built,
employing much more steel of higher quality, and were subject to more care-
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Figure 3 The Falls Hollow Stay Bolt Company, of Cuyhoga Falls OH, advertised that
its bolts gave warning of the possibility of an explosion by leaking steam if they broke
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ful inspection and maintenance. The combined effect of these incremental
changes was not only a more efficient locomotive but a much safer one as well.

The Interstate Commerce Commission and the dangers of steam

Despite such improvements, boiler explosions continued to kill thirty to forty
trainmen a year and after 1900 the increasingly powerful rail brotherhoods
began to press for state and federal regulation. They achieved this goal at the
national level when the ICC Bureau of Locomotive Inspection opened for
business in 1911. Working with the carriers, the bureau developed rules for
the maintenance and inspection of boilers that effectively made best practice
the industry-wide standard. In 1912 it also began to publish detailed statis-
tics of accidents, injuries and defective locomotives (Figure 4).12 As the figure
reveals, safety improved briefly after 1911, largely as a result of the bureau’s
formation, and then deteriorated during the First World War – although
some of the apparent deterioration simply reflects a broadening of inspection
in 1915 to include not just boilers but the entire locomotive. Beginning in the
early 1920s, safety again began to improve and the progress continued until
the Second World War. The inter-war gains had almost nothing to do with
dieselisation or the use of electrics; in 1940 steam still accounted for about
96 per cent of locomotives in use. And while the ICC routinely took credit
for all safety improvements, once again most of the gain reflected company
efforts to enhance efficiency. In the phrase of Railway Age, it was largely an
‘achievement of private enterprise’.13

Usselman has argued that after 1904 American carriers became ‘reluctant
innovators’, and that they sometimes confused technical and economic effi-
ciency. Glimpses of that reluctance may be seen in the story of locomotive
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evolution between the wars, although in general the picture seems over-
drawn. In the early 1920s increasing competition from automobiles and
trucks reduced demand for both passenger and less-than-carload freight ser-
vice. Along with rising wages, the new competition also raised the pay-off to
speed, train size and reliability. As a result, the carriers scrapped much of
their older motive power and bought newer, more efficient units. Between
1924 and 1940 the number of locomotives fell by 25,000, or about 36 per
cent, and at the same time the carriers purchased newer power that by 1940
amounted to about 23 per cent of locomotives in use, and they extensively
modernised older equipment, retro-fitting it with devices to enhance effi-
ciency and safety.14

The work of W. F. M. Goss and others at locomotive test plants began to
have a major influence on locomotive design just before World War I. As
Usselman has observed, nowhere was engineering more enshrined than on the
Pennsylvania Railroad. In 1914 the Pennsylvania brought out an improved
Atlantic locomotive that Engineering termed ‘a product of the test plant’. Yet
the new power by no means emphasised engineering over economics; as its
historian observed, ‘this locomotive was expected not only to do a great job
but to do it with highest efficiency and economy’. That same year Alco’s
designer Francis Cole published his Tables of Locomotive Ratios, based on the
earlier work by Goss, that replaced cut-and-try methods of design with
scientific proportioning. Employing Cole’s analysis, Lima Locomotive
debuted a new generation of ‘superpower’ locomotives in the early 1920s.
The newer power was faster, more efficient, and far less failure-prone.15

The new or modernised equipment also came with many safety devices.
Despite the claims of the railroad press, public and union pressures were res-
ponsible for some of the improvements. The Brotherhood of Locomotive
Engineers had successfully pressed the bureau to require electric headlights
in 1917. Records of the Pennsylvania Railroad also reveal many union peti-
tions for safety equipment; locomotive window screens came in 1920 and
automatic bell ringers in 1926, but the union was unsuccessful in its request
for automatic fire doors and several other items. In 1921 the US Railroad
Administration proposed to retro-fit locomotives with automatic fire doors
but its tenure ended before much could be done.16

The Bureau of Locomotive Inspection rules required locomotives to 
be equipped with both water glasses and gauge cocks, and that they be prop-
erly installed. In 1914 the bureau condemned a lot of ten new Mikados that
had the bottom of the water glass below the top of the crown sheet. This
would register a safe water level when the crown sheet was entirely dry! And
in 1922 the bureau published the results of an investigation showing the
importance of proper placing of gauge cocks to ensure that they would yield
accurate readings.17

Still, most modifications of locomotives during these years were moti-
vated by the lure of private profit. The spread of thermic siphons was but
one of a host of small changes that improved both locomotive efficiency and
safety. These devices reduced fuel consumption, and by carrying a supply of
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water to the crown sheet they also diminished the risk of boiler explosions.
Introduced about 1920, they soon proved their utility. In 1921 Railway Age
reported ‘a crown sheet failure without an explosion’, due to use of a siphon.
Such stories helped publicise the safety benefits and by 1930 siphons ran on
10,000 locomotives, or about 18 per cent of the total. In fact, given the value
of these devices, they should have been retro-fitted on nearly every loco-
motive. Some carriers, at least, were the reluctant innovators that Usselman
describes. It is also depressing to record that neither the Bureau of Loco-
motive Inspection nor the Brotherhood of Locomotive Engineers pressed
for their use.18

Newer power was also more likely to have automatic fire doors, and other
safety devices, while flexible stay bolts were widely used and made of tougher
alloy steels. By the mid-1920s the Canadian National and Canadian Pacific
had designed boilers to ensure that failure would be gradual rather than cat-
astrophic. Some of the return on this investment came about seventy years
later, on 15 June 1995. A locomotive that the Gettysburg Railroad had
obtained from the Canadian Pacific to run for tourist excursions burst her
boiler. Although the engineer and two firemen were burned, no one was
killed. About 1932 the Santa Fe developed an improved blow-out plug that
virtually ended boiler explosions on that line.19

In the 1930s the Association of American Railways’ Mechanical Division
and suppliers such as Timkin investigated ways to improve axles, crankpins,
and reciprocating parts. There were also studies of the effect of boiler water
on embrittlement, and boiler water softening also continued to spread; by
1933 the carriers treated about 40 per cent of all boiler water, reducing the
risk of clogged injectors and burned or burst flues.20

During the Second World War, as the carriers faced the need to absorb
large numbers of new men, they also improved training in locomotive
safety. In the ethos of railroading, locomotive failures reflected badly on the
engineman – especially at a time of patriotic pressure to get the train over
the road – and crews would go to great lengths to make a station, even in
the face of a low-water warning. Carl Peterson, an engineer on the New
York Central, remembered that the low water alarm had been sounding on
a ‘Twentieth Century’ locomotive just before it blew up in 1943. Such
behaviour seems foolhardy but it also reflected the generally poor training
the carriers provided engineers. Few trainmen had been instructed that
when a water glass went dry there might be only 500 gallons over the boiler
crown sheet. Since a large locomotive could evaporate 80,000 lb of water
an hour, a crew might have five minutes before disaster. Lack of training
also led to many dangerous myths about locomotive boilers. Hoke Rolin-
son, an engineer on the Central of Georgia, remembered engineers who
liked to run with low water because ‘you had hotter steam’. In a belated res-
ponse to the need for better training, the Rio Grande used a replica of a
locomotive to teach newly minted engineers about the dangers of low water,
while the Milwaukee and Lehigh Valley developed an instruction book for
the same purpose.21
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As Figure 4 reveals, the combination of better locomotives and improving
training yielded a substantial improvement in safety between the mid-1920s
and the Second World War. In 1946 steam locomotives accounted for eight
fatalities to trainmen, down from fifty-three in 1912 and resulting in an 82
per cent decline in the fatality rate.

The diesel and trainmen’s safety

As the previous discussion indicated, locomotive safety improved sharply
after 1912 and again after 1924. Figure 4 reveals a third major improvement
in locomotive safety that began about 1947. It coincided with the wholesale
replacement of steam power with diesels.

The spread of diesels affected the safety not only of trainmen but of shop
men and maintenance of way men as well. Diesels changed nearly everything
about railroading. They did away with the whole cumbersome process of han-
dling coal and water. They also needed far less maintenance than did steam
locomotives, and that tended to be parts replacement. George Broughton was
a shop man on the Alton who witnessed the transition from steam to diesels.
‘On steam,’ he recalled, ‘everything was heavy labor,’ while diesels were ‘like
working on an ice box, you took out an injector, put in a new one. . . . Much
lighter work.’ Diesels also required a much cleaner shop environment than
had steam, and much more electrical work. Their expense also put a premium
on shop speed, leading to a host of labour-saving devices.22

Diesels had contradictory effects on the safety of railroad work. Without
main driving wheels they caused less stress to rail and track. Yet diesels could
also increase some risks; they were quieter than steam locomotives, and
might sneak up on a track man more easily, and their smaller wheels were
more failure-prone. Unfortunately, the overall effects of diesels on safety
cannot be identified with any precision. However, the Bureau of Locomotive
Inspection evidence on locomotive accidents and injuries reveals how the
diesel directly affected the safety of trainmen’s lives. Paradoxically, while
diesels were far safer than steam locomotives, their triumph only marginally
improved trainmen’s safety.

While the 1920s were the Golden Age of steam, the bureau first took offi-
cial note of ‘locomotives other than steam’ in 1927. These must have been
almost entirely electrics or gasoline cars. That year companies filed reports
on 951 such locomotives; they accounted for five accidents that injured five
individuals, but killed no one.

These reports, separated by type of motive power, continue throughout
the period of dieselisation until 1954, by which time the steam locomotive
was all but extinct. The data are depicted in Figure 5 and, as can be seen, 
non-steam locomotives maintained a modest but significantly lower accident 
rating throughout the post-war years. And when there were accidents, diesels
tended to be considerably less lethal than their steam counterparts.

Table 1 presents data on worker fatalities and accidents by type of loco-
motive from 1945 to 1954, and, as can be seen, the typical steam locomotive
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accident was abut 2.6 times as likely to result in a worker fatality. Such fig-
ures raise the question why diesel locomotives caused so many fewer acci-
dents and fatalities. Some of the difference could have been in age. In 1950
only about 7 per cent of the railroads’ nearly 26,000 steam locomotives were
less than a decade old and a third of them were built before 1915! By con-
trast 97 per cent of all diesels were then less than a decade old. But age was
not the whole story, for if diesels were less romantic than the iron horse they
were also inherently safer.23

Table 1 Accidents and fatalities, steam and non-steam locomotives, 1945–54

Steam Non-steam

Accidents 2,307 524
Locomotive years 300,118 153,274
Worker fatalities 103 9
Accidents per thousand locomotives 7.69 3.32
Fatalities per thousand accidents 45 17

Source ICC Bureau of Locomotive Inspection, Annual Report of the Chief Inspector (various years).

The Bureau of Locomotive Inspection listed accidents to steam locomo-
tives under fifty-five separate categories (plus ‘miscellaneous’). Arch tubes,
blow-off cocks, boiler checks, crankpins, crossheads, cylinder heads, grate
shakers, injectors, stay bolts, valve gear, and water glasses all might injure or
kill (Figures 6–7). And of course the most deadly of all accidents, for which
there was no counterpart on a diesel, was a boiler explosion. From 1945 to
1954 sixty out of a total of ninety-three fatalities on steam locomotives
resulted from this cause (Figures 8–9).

In contrast to the bewildering number of dangers from a steam locomo-
tive, the bureau listed accidents to non-steam locomotives under just nine cat-
egories. As noted, diesel wheels were comparatively failure-prone. Diesel oil
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Figure 6 Steam locomotive accidents were spectacular and often deadly. Here are the
results of a broken connecting rod . . .

Figure 7 . . . and here of a broken crankpin. Both photos courtesy Interstate Commerce
Commission
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caused dermatitis, and it made floors and steps slippery, raising risks from
falls. Batteries could also explode, dousing the men with acid. Diesels were
also subject to fires, short circuits, and crankcase explosions, while starters
and generators might also cause trouble. For example, the bureau reported
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Figure 8 Boiler explosions, although fewer in number, continued to plague steam
locomotives . . .

Figure 9 . . . until the end of their days. Both photos courtesy Interstate Commerce
Commission
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that on 24 September 1950 the flash from a grounded shunt regulator injured
one man on the Santa Fe. In December that year on the North Western a
crankcase exploded due to an overheated bearing and it too injured a man
(Figures 10–11).24

However, as the use of diesels spread, a combination of learning by doing
and by using reduced these risks. And, as with steam, diesel safety reflected
not only inherent technological advantages but incremental improvements
and new safety procedures as well. Manufacturers improved design, making
cabs stronger, with improved visibility and electronic ‘deadman’ protection.
Both manufacturers and the Association of American Railroads’ Safety Sec-
tion developed safety codes for diesel operation and maintenance. Because
of electrical dangers the carriers forbade men to use metal flashlights or wear
jewellery or metal-frame glasses while working on the new locomotives, and
required them to wear tight-fitting clothing to avoid the many revolving
parts.25

Because diesel oil is not particularly flammable, both manufacturers and
carriers initially overlooked fire danger, and early diesels carried only one tiny
carbon tetrachloride extinguisher. But fires were not only dangerous; they
were also expensive in terms of repair and down time. And, because diesels
cost far more than steam locomotives, companies wished to minimise their
time in shop. Consequently, as a rash of fires proved early protection inade-
quate, companies shifted to larger foam or carbon dioxide extinguishers.26

The expense of diesels and the need to maximise their productivity also
encouraged the spread of train radio, which not only improved efficiency
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Figure 10 Diesel locomotive accidents were less dramatic and usually less lethal to
trainmen than those of steam locomotives. Here a broken crankshaft resulted in serious
injury to an employee . . .

Chap 4  9/11/04  4:17 pm  Page 87



but reduced accidents as well. And while men had employed ladders to work
on steam locomotives, the need for speed led companies to employ safer
multi-level platforms in diesel maintenance. Companies also employed new
non-destructive testing methods to find minute fatigue cracks or internal
flaws in critical parts. For example, Magnaflux tests passed a heavy electric
current through a part, causing a dusting of magnetic powder to ‘find’ any
tiny cracks in the metal. An advertisement for the procedure proclaimed,
‘Diesels are different. With diesels you must inspect many more precision
parts for cracks than you ever had to with steam.’ The Union Pacific used 
a similar process that employed a dye penetrant first employed to test jet 
aircraft turbines. Other companies employed black light, and ultrasound
was used to test axles for internal defects. By the early 1950s many carriers
systematically tested diesel axles, crankshafts, pistons, valves, and many
other parts.27

By this time the Rio Grande, B&O and other large carriers were also using
spectrographic analysis of lubricants to search for traces of worn parts or
overheating that might presage a crankcase explosion. The Rio Grande also
made wrist pins radioactive so it could check for particles in the lubricating
oil, while manufacturers developed devices that would shut down power at
critical crankcase temperatures. Sometimes the very safety of diesels caused
problems: they did away with cinders, which had been a major source of eye
injuries, but the Atlantic Coast Line reported that its trainmen responded by
wearing safety glasses less frequently, and so that company had to step up
monitoring and enforcement or rules.28
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Figure 11 . . . and here a flat wheel resulted when the pinion bearing of a traction
motor seized, causing a derailment that injured 189 passengers and employees. Both
photos courtesy Interstate Commerce Commission
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These inherent characteristics of diesels, along with the many improve-
ments in design and work practices, help explain why the shift from steam
locomotives to diesels after the Second World War reduced accidents per
locomotive and diminished the severity of accidents by perhaps 60 per cent.
Yet if these declines sound dramatic, in fact they must have yielded very mod-
est reductions in trainmen’s risks. For one thing, fatalities per locomotive
accident could have declined because diesels required less labour in the cab
and in shops and yards, and so the decline in fatalities may at least in part
reflect a reduction in worker exposure. In addition, by the 1930s fatality rates
to trainmen from steam locomotives were already very low – in the range of
0.04 to 0.06 per thousand workers, while injury rates were usually less than
one per thousand. Even large percentage decreases in small accident rates will
generate small safety gains.29

Unfortunately, we cannot directly measure the risks of working with non-
steam locomotives because the division of workers or worker hours between
types of locomotives is unavailable. Table 2 presents an alternative approach,
which is to compare fatality rates to trainmen from locomotive accidents for
two periods, from 1927 to 1930, when nearly all locomotives were steam,
and from 1950 to 1954, when over half were diesel, gas, or electric. As can
be seen, fatality rates declined by about two-thirds over the period, but the
absolute decline was only 0.037 per thousand, and not all of it could be
attributed to dieselisation. Over the same period trainmen’s fatality rates
from all causes fell from roughly 1.7 per thousand to 0.7 per thousand.
Hence the greater safety of diesels accounted for at most 3.7 per cent of train-
men’s safety gains.30

Table 2 Trainmen’sa fatality rates from locomotive accidents, 1927–30 and 1950–54
(per 1,000 workers)

Period Fatality rate % of non-steam locomotives

1927–30 0.059 1.6
1950–54 0.022 56.3

Note a Trainmen include enginemen, firemen, brakemen, conductors and switchmen.
Source ICC Bureau of Locomotive Inspection, Annual Report of the Chief Inspector (various years).

Conclusion

Because the introduction of diesels changed so many aspects of railroading
their overall impact on worker safety is unknowable. Their effect is clear-
est with locomotive accidents to trainmen. Here ICC data suggest that the
combination of new motive power and modified work practices yielded
considerably safer locomotives. Accidents per locomotive declined sharply,
as did the severity of those accidents that did occur. The net effect was to
improve trainmen’s safety, but the gain was not large, because steam loco-
motives had already become much safer due both to regulation and to incre-
mental improvements in technology and operating methods. Hence the risk
reduction due to diesels constituted only a small fraction of the total
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improvement in trainmen’s safety during the years when the Age of Steam
came to an end. Clearly, whether the diesel was a ‘revolutionary’ tech-
nology depends on what you look at. Diesels changed nearly everything
about railroading, yet their direct impact on trainmen’s safety was anything
but revolutionary.
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