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INTERSTATE COMMERCE COMMISSION

REPORT OF THE CHIEF OF THE DIVISION OF SAFETY COVERING
THE INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON
THE SOUTHERN RAILWAY NEAR HOFFMAN, ILL, ON JUNE
7, 1915

SepiemMpER 14, 1916

T'o the Commassion
On June 7, 1915, there was an aceident to a freight train on the

Southern Railway neax Hoffman, IIl, which resulted in the death

of the engineman and the injury of the fireman After investigation

as to the nature and cause of this accident, I beg to submit the fol-
lowing report

This part of the Southern Railway 1s a single-tiack line No
block signal system 1s 1n use, t1ains being operated by time table and
train orders Whele the accident occurred the first marks were on
tangent track at a pomt about 400 feet beyond the end of a curve
to the left of three degiees, this curve bemg 1,200 feet 1n length

Approaching this curve the track 1s straight fo1 a considerable dis

tance It 1s laid with 75-pound 1ails 33 feet in length, with about

20 white oak ties under each rail, well ballasted and maitained

The weather was clear
Eastbound extir 1056 consisted of locomotive 1056 and a caboose,

m chaige of Conductor Chamberlain and Engineman Cato It

passed New Baden, the last open telegiaph office, at 415 a m, and

at 520 2 m, when near Hoffman, about 25 mtles beyond New Baden,
the left main driving wheel came off, resulting 1n the engine being
stripped on both sides The engineman was killed by being struck
by a broken side rod The accident oceurred while the framn was
traveling at a speed of about 25 miles an hour
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Examnation of the track showed that the first marks were on the
t1es on the outside of the left hand 1a1l, from 10 to 20 inches from the
gauge side of the raill These marks appealed at intervals of from
10 to 30 ties, and apparently were made by a broken connecting rod
About 80 feet beyond the first of these marks there was quite a large
hole in the giound, apparently made by this broken connecting 10d
The first mark on the right side of the track was on a tie on the
outside of the rail at a point about 33 feet beyond the fi1st marks on
the opposite side, and was about 10 inches from the gauge side of the
south 1all At a point about 800 feet beyond the fiist marks, there
were marks on the ties on the outside of the right 1a1l where the
marm diiving wheel on that side had bounded against the ball of the
1a1l, continuing to do so from this pont to the pomnt where the
locomotive stopped, about 1,300 feet beyond the fiist marks When
the Jocomotive stopped 1t was found that the main duving axle was
broken on the left ssde With the exception of the two mam duv
1ng v heels no other part of the locomotrse was derailed

Locomotive 1056 left St Louis, Mo, on June 6, at 945 p m, haul
ing passenger tramn No 1 and was in charge of Engineman Miller
Engimmeman Miller stated thet he notrced the locomotive pounded
badly, and on arrrval at Cooper, 13 1 miles from St Louis, he found
that the left mawn driving box cellar had come down, making the
engine pound, and also striking the eccentric stiap He was unable
to block the cellar up and sent word to the yard at Denverside, about
6 miles from St Lous, for another locomotrve Ingineman Cato
had locometive 658 1n 1eadiness to leave on second-class tiamn No 73
and was mstructed to take his locomotive to Cooper and tuin 1t over
to the engineman of train No 1, bunging locomotive 1056 back to
the Denverside shop, which he did The diiving box cellar was put
n place, the locomotive was then coupled to a caboose, and departed
fiom Denverside at 320 a m, with orders to run extra to Shops,
nea: Piinceion, Ind, 162 6 miles from St Loms It was on this trip
thaf the accident occurred

Conductor Chamberlain stated that upon taking charge of locomo-
five 1056 at Cooper he and Freman Summers tried to pry up the
cellar, while Engmmeman Cato was under the engme 1 1eadiness to
insert the bolts to hold 1t in place They were unable to repair the
engine, howevel, and after getting orders proceeded back to Denver-
side The hostler then took the locomotive to the 1oundhouse Or
ders were later 1ssued for this locomotive to be ready to double head
on passenger tiamn No 23 Engineman Cato sard that 1t would not
take over 30 munutes to fix the locomotive, and then called up the
roundhouse on the telephone and on aslkung how long 1t would take
was told that 1t would take about 30 minutes unless the cellar was
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broken, to which Engineman Cato replied that he did not think 1t
was bioken, at least he had not discovered any break Conductor
Chamberlain stated that in a short time they were called for duty,
and on going to the office for running oi1dets he found locomotive
1056 standing 1n tront of the office with Engineman Cato 1n readiness
to proceed After receiving orders, the extra proceeded, the first
stop being at Muller, 204 miles from St Louss, where an opposing
tramn was met The stop at this poing was of 10 ot 12 minutes dura
tion, and Conductor Chambeilam stated that while there the engine
man did some work on the engine, he did not know what 1t was, but
supposed that 1t was the ordinary work at stopping points He said,
however, that he heard Engimeman Cato rematk about the locomo-
tive riding roughly At Germantown, 421 miles fiom St Lous, a
stop was made for water, but he did not get out of the caboose and
did not know whether or not Engimeman Cato did any work on the
locomotive at that point Approaching Posey, 52 9 miles from St
Lows, the engineman sounded the whistle and a proceed signal was
given, as the extra then had 14 minutes 1n which to go to Hoffman,
a distance of 47 mules, and clear the time of passenger train No 2
Conductor Chamberlain stated that the first he knew of the accident
was when he heard the noise gecasioned by the breaking down of the
locomotive, the accident occurring while the tram was tiaveling at a
speed of about 25 o1 30 miles an hour  On examining the locomotive
he found the main driving wheel axle bioken on the left side, 1nside
of the journal box He further stated that he did not smell any
hot metal and had not at any time noticed anything wiong

Head Brakeman Martin verified the statements of Conductor
Chambeilain, and added that at Miller Engineman Cato remarked
about the locomotiie pounding and the flanges cutting, and he saw
the engineman o1l the main dirving-wheel flanges At Germantown
Brakeman Maitin left the caboose and walked to the locomotive
He stated that when he reached there the engineman was othng on
the left side, and that when he reached the right side he oiled the
mam diving-whee! flange again, and said that he beheved the axle
was bent, and that he did not think 1t would hold together until they
reached therr destination

Flagman Lemond stated that at Miller the engmeman remarked
about the pounding of the locomotive, and said that the flanges wnere
cutting, and he oiled the main diiving-wheel flanges He stated that
he did not leatve the caboose at Germantown and did not know what
the engineman did at that peint

Fireman Summers stated that when they took the loccmotive at
Denverside after 1t had been repaned Engmeman Cato oiled the
flanges of the di1ving wheels, as they were cutting Engmeman Cato
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said that the locomotive seemed to lead to the right, and that they
could not make a fast run, but would take their time When en
1oute to Miller the locomotive was pounding, and while both of them
thought that something was wiong, they did not know what 1t was
Fireman Summers said that at Miller Engineman Cato looked over
the locomotive and then came back to the caboose, where he had gone
to look at a time card, and told him that the cellar was down again
Both of them returned to the locomotive, and the engineman said
that he believed the axle was bent Fireman Summeis then asked
him 1f he could detect a bent axle by runming slowly and watching
1t, and Engineman Cato rephed that he did not think he could
Firteman Summers fuither stated that at Germantown he was busy
at the wateispout and Jdid not hear the conveisation beiween Engine-
man Cato and Biakeman Martin When the extia had reached a
point about 1} miles west of Hoffman Engimeman Cato shut off
stearmn At this time Fireman Summers was sitting on the seat box
on the left side, and he saw the collar from the left front side rod
flying thiough the air He then got down on the deck of the loco-
motive, but when the locomotive commenced to swing he thought 1t
was going to turn over, and he got off on the right side, at the same
tiume saying to the engineman that he had better get off

Hostler LaGirange stated that he handled locomotive 1056 from
Denveiside to the 1oundhouse and 1eturn  In gomng to the round
house he hauled 1t with a switching locomotive, but on the return trip
he handled 1t under 1ts own steam, and he stated that 1t acted as 1f
the valves were out of adjustment and that there was also a grinding
noise He called Engimeman Cato’s attention to 1t and they secured
a torch and looked over the locomotive, but could not find anything
wiong, and Engineman Cato said that he supposed that 1t was on ac
count of the locomotive being dry, and gave 1t an olling

Night Roundhouse Foieman Nelling at Denverside, stated that
a message was Lecelved that a diiving box cellar was down on locomo
tive 1056 and that repairs were to be made and the locomotive made
teady for service Later on, another message was received to have the
locomotive ready as soon as possible, and he then talked over the tele
phone with Engineman Cato, and said that the engineman told him
1t would not take 10 minutes to get the cellar up as they had nearly
gotten 1t up themselves He then inquued 1f the journal box was
not hot and the engineman replied that it was not The locomotive
was then placed on the ash pit, instead of over the pit in the machine
shop as he had intended, and the cellar was putf 1n place and packed
Foreman Nelhng stated that he had no notice from any one that there
was anything else wrong, and that he inspected the locomofive with
Tank Repairer Weiss and found nothing wrong
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Tank Repaner Weiss stated that when locomotive 1056 arirved
at Denverside he crawled under 1t and examined the cellar to see 1f 1t
was broken Tt had a strong compression spring which held 1t on the
binder and held the grease up agamnst the journal He then pulled
the compression plate down and tipped the cellar, but could not see
anything wrong with the journal and told Foreman Nelling of the
condrtion existing He stated that he then put the cellar up and re-
packed 1t, the locomofive being held only about 20 mnutes while
this worlt was being done

Master Mechanic Johnson, located at Princeton, stated that the
engine was shopped at Princeton on March 28, and released on
March 81 No other 1epairs had been made on this locomotive
except such 1unning repain s as are made m the roundhouse He fur
ther stated that the axle which broke was not applied at the Prince-
ton shops and on accouni of having no marlks on 1t, he was unable
to say when or where 1t had heen applied, but he thought from the
amount of wear on the journals that 1t had been in this locomotive
four o1 five years

This aceident was caused by the brealung of the mam driving-
wheel axle on lIocomotive 1056 The nvestigation to determine the
reason for the farlure of this axle was conducted by Mr James E
Howaid, engineer physicist, tests bermng made 1n conjunction with
representatives of the Southern Railway at the shops of that com-
pany at Alexandria, Va The report covering the 1esults of this
mvestigation 1s as follows

REPORT OF THE ENGINEER PHYSICIST

The cause of the failure of the main driving axle under engine
No 1056 was an ares of metal at the surface of the journal which
contained chatter marks and short incipient cracks made by the
roughing cut in the lathe during the machining of the forging
from which the axle was made At one place only along the length
of the jouinal were these incipient cracks m evidence, and at that
place the line of fracture had 1ts origin  Thas condition represented
a defect 1n the machine fimishing of the axle The finishing cut 1n
the lathe did not remove the metal which had been injured by the
roughmng cut

The mechameal fit of the hub of the left-hand driver was con-
fined to a small part of the length of the wheel seat of the axle
This led to the formation of a number of fractures starting in the
axle in the wheel] seat, which were necessarily obscured from view
by the hub These fractures were 1n an advanced stage of develop
ment when complete failure at the journal occurred Incidentally,
but not bearmng upon the failure of the axle, 1t may be remarked
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that two groups of holes, 1 mch 1 diameter by 1 inch deep each,
were drilled and plugged, 1epresenting an error 1n the location of
two keyways 1n the middle portion of the axle

The axle 1n question was not the original one used under engine
No 1056 Tts dunensions did not conform fo those called fo1 on a
blue print said to represent the original axle There were no maiks
of 1dentification upon 1t, and nothing 1s known of 1ts history prior
to the occuriences connected with this deraillment It was made,
quite evidently, from an untreated, solid, steel forging, and was
finished turned thioughout its length

Figure No 1 shows the shape and dimensions of the axle, on which
are entered notes descriptive of the examination which was made of
the metal
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Fra No 1-—Sketeh of main driving axle which falled under engine No 1056 showlng
locatlon of fracture in left hand journal with descriptlve notes concerning tests and
posltions of test pieces

The line of ruplure statted at a place in the periphery, about 5
mches from the mner end of the journal, indicated by a star on the
sketch of the axle, thence taling an oblique couise, ultimately sepa
1ating the axle The fracture was progressive, according to the evi
dence presented by the ruptured smface It appeaied to have devel
oped gradually until about one quarter of the cross section was sepa-
rated, after which the temaiming stages of ruptumie were rapidly
eompleted

Figure No 215 an end view of the fractured surface, on whach 1s
also placed a star to indicate the mcipient pomnt of ruptme Two
drilled holes 1o the fractured surface are shown by the figure, where
chips of the metal were taken for chemical analysis

Figure No 3 shows the appearance of the suiface of the journal 1n
the vicimity of the mcipient pont of rupture The 1llustiation 1s
about twice natural size The shattered condition of the surface of
the metal, attitbutable to a heavy roughing chip m the laihe, 1s
shown by this 1llustration These short cracks penetrated the metal
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depths of two to thiee hundredths of an inch They were made more
pronounced in appeaiance, as here 1llustrated, by bending the metal
which opened the cracks somewhat

Heavy machme tool cuts tear the metal and also mtioduce 1nteinal
stiams Thete 1 a close 1esemblance 1n the effect of such heavy tool
cuts to shearing and punching effects, 1f, indeed, they are not of the
same order Sheaiing and punching of steel 1s very properly pro-
hibited in certain specifications It 1s mmportant that equivalent
effects be avoided which may result from using lathe and planer tools
with heavy cuts and feeds

e No 2—DInd view of fiactured surfnce of journal Inciplent point of rupturs
indlcated by a star

The effects of talung heavy cuts with machine tools will again be
referred to 1n another patt of this report dealing with tesis made
upon a heat tieated axle which failed in service after a comparatively
shoit period of time

1@ No 23 —Appearance of the surface of the journsl! near inclpient point of rupture
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The limited area of bearing smface of the hub of the left hand
dirver on the wheel seat of the axle was a notable feature It ranged
1n length from 1§ mches down to § inch only This zone of contact
was near the outer end of the axle, 13 inches distant from 1t Beyond
this zone 1n either dinection there was some looseness of the wheel on
the axle The location and irregular shape of the bearing surface
on the wheel seat 18 shown by Figure No 4

« >

— > B

Fie No 4—=SIde view of broken axle showing oblique surface of fracture, also the
Innited length of Learing which {he hub of the driver had on the wheel seat Length
of bearing indicated by the witness marks on the illustration

Circumferential cracks were visible on the smface of the wheel
seat at and near the mne1 border of the bearing surface These
cracls 1anged 1n length from 1 inch to 24 inches, 1n all aggregatimg
about one half the circumfeience of the axle Figure No 5 repie-
sents a segment of the wheel seat, showing the width of the bearing
surface of the hub at this pait of the axle, also the location of two
fractuies, one near the zone of beaiing of the hub and the other near
the inner end of the wheel seat, 1n close proximity to the journal
The length of bearing surface here was from 4 1nch to {# inch long
One fincture had a depth of 1 inch, the other fracture, near the
journal, had a depth of 1 mch and a circumferential length of 2
Inches

Figure No 6 shows some of the fractures which weie 1n process of
development 1n the left hand wheel seat, which would undoubtedly
have extended and caused complete rupture of the axle had not the
fracture of the journal taken place The axle was in a critical state
m this part of 1ts length

An examination of the right-hand wheel seat showed the hub of
the wheel had a bearing over substantially its full length A bendmng
test of a strip of metal from this wheel seat showed good bending
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propetties and did not display the pies
ence of any incipient cracks in the
steel

An mitaal tension ring, so called, was
talcen from the left hand journal just
outside of the line of ruptute The in
ternal strains 1n the suiface metal of the
jouinal weie those of tension In a tan
gential direction the tensile stiess col
responding to the mean stiain of two
diameters was 3,300 pounds per square
mch  The presence of tensile strains
at the surface of the journal 15 accepted
as evidence that the metal had not been
cold rolled for fimshing purposes, o1,
1f so, with very little effect, since the
usual 10lling, to smooth the jouinal, puts
inteinal stiains of compiession in the
sulface metal A deep cut and heavy
feed 1 machine tooling 1s competent to
mtroduce strains of tension in the sm
face metal, therefore, the evidence tur
nmished by this imitial tension 11ng 18 con
sistent with the indieations furnished by
the chatter marks that such a cut had
been taken during the fabrication of the
axle

Longitudinal stiips weie taken from
the surface metal of the opposite jour
nal The internal strains at that end
were of compiession, one strip showing
a stiam equal to 4,500 pounds per square
inch, another from the opposite side of
the journal showing 8,400 pounds per
square 1nch

A tengile test of the metal, with a 2-
inch longrtudinal specimen 0492 inch
chameter, from the metal near the sm
face of the left hand wheel seat, showed
an elastic It of 45,260 pounds pe:
squale 1nch, tensile strength 79,470
pounds pe1 squale inch, with 27 per cent
elongation and 40 5 pe1r cent contraction
of atea The metal showed a silky
fracture

62941—16—2

Fie No 5 -—Segment of fractured erxle, showing limited length of lLeatlog of hub of driver on wheel seat also location of inclpient fractures in

Length of bearlng surface of hub indicated by witness marks on the ilustration

two places on wheel seat
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The chemical analysis of the steel was as follows Caibon, 044,
manganese, 095, silicon, 019, sulphur, 0015, phosphoius, 003

Locomotive 1056 had a 10 wheel engine The weight on the
driveis was 116,875 pounds, which gives a wheel load of 19,479
pounds, diameter of drivers, 72 inches

I'te No 6-—Segmental pleces taken from axle left hand wheel seat showing inclpient
froctures ranging In deplh from 3 to 1§

A section, about thiee feet long, from the middle of the length
of the axle was heated to a temperature of 1,550° F and quenched
m ol A hole 19 mmches diameter had pieviously been drilled
through the axis of the piece Tangential and longitudinal strains
were Ineasuled, representing those intioduced by the sudden cooling
of the meatal

A violent disturbance of the metal occurs when 1t 15 suddenly
quenched from high o1 even moderate temperatmes Momentaiily
the surface metal, or that first quenched, 1s thrown into a state of ten-
sion, which 1s immediately revetsed and a state of compression 1s set
up as the interior cools The intexnal forces which are induced 1n the
heat tieatment of steels at this stage of the process are very great
These foices at times a1e known to cause 1upture during the violent
and 1apid changes 1in temperatuie which attend quenching Partial
annealing, o1 diawing the temper, as geneially called, amelio1ates
the intense state of strain which exists after sudden quenching
Whale 1t 1s generally held to be undesnable to heat suddenly a large
mass of metal, that 15, fo avoid charging cold metal 1n a hot furnace,
nevertheless the reverse process of sudden cooling 1s that which 1s
adopted 1n heat treatment

Tt might be expected that some appiehension would arise con
cermng the possibility of incipient fractuies being introduced by the
operstion of quenching, spontaneous rupture taling place This
appiehension 1s 1n fact shown 1n certain specifications which 1equire
a shock test to be made of heat tieated axles to detect whether mter1o1
fractures have not been made by the process, thereby 1mpairing the
stiength and safety of the axle

The final state of internal strain in quenched axles which have
had their temper drawn will be of lesser magmtude than the tem
porary state of strain which prevailed at the time of quenching The
steel, however, has had to pass thiough this seveie o1denl and an
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mnquuy into the conditions which attend the process require an
examination of the state of strain caused by the quenchung

From the present axle, after quenching 1n o1l from the tempera-
tuie of 1,550° ¥, a disk ¢4 inch long was talken fiom the end first
to enter the o1l bath, facing off about 2 inches 1n length to get be
yond the effect of quenching acioss the end of the piece Concentize
1ngs were cut from this thin disk and the stramns which they dis-
played weie measuted and then coiresponding stiesses computed
The accompanying table shows the results obtaimed

Inttial stiamms 1 metal of azle after heating to 1550° F and quenching w oil

TANGENTIAL STRAINS IN CONCENTRIC RINOS FROM DIAK TAKFN FROM AXLE NEAR
LEFT HAND JOUENAT

Strons released—
hameter |
Rm, approxi Menn Cotresponding stresses
mate Diometer [ Diameter
A D

Tnches Tnches Incheg Tuches Povudy per squore tnch
1 8 08 0 0103 0 0103 P 0103 | 38 200 compression
2 70 )35 0044 00395 { 10 71¢ compressian
3 6 00 — 0010 — 0017 — (0135 | 8 850 tension
d 503 — 037 — 0036 — 00362 [ 21 550 tens.on
] 100 — 0033 — (038 — 00345 | 25 300 tension
f 300 — 0008 — 0009 — 0009 8 730 tension
7 210 0030 0035 nNPp423 | 46 400 compression

LONGITUDINAL STRAINS IN STRIPS TAKEN FROM SURFAOE OF AXLE NEAR MIDDLF
PART OF ITS IENGTH BEYOND POSITION OF THF ABOYF DISK

1'%};2?33 Carresponding stresses
Inrhes Pounds per square tmeh
Stap A 0 0190 | 57 000 ecompression
bErip D 0182 | 51 600 compresslon

The strains were measured on two diameters Two of the 110gs,
Nos 1 and 6, displayed strains of the same amount on each diameter
The greatest variation was shown by 1ing No 2, one diameter of
which showed an expansion of 00009 inch more than the other

The 1esults of the sttains and stresses measured m the longitudinal
str1ps a1e entered 1n the table with the tangential 1esults

Figute No 7 shows the manner of cutting the disk into concentiie
rmgs and graphically illustrates the stresses which weie displayed
by each

It will be observed that the internal strains 1n a tangential duec
tion were of compression at the extetior of the axle and next the
boied hole, while the inter10r portion was 1n a state of mitial tension
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The stiess of compiession 1n the exterror 11:g was 38,200 pounds per
square inch, and 1n that of the 11ng at the bore 46,400 pounds pe1
square mch The maximum tensile stress observed in one of the
mterior 1ngs, No 5, was 25,300 pounds per squale 1neh These
values 1epresent the mean silesses i 11ngs thiee sixteenths mch m
thickness The 1ange 11 tangential stiess, of tension and compies
sion, 1s shown to be 71,700 pounds pet squaie 1inch

The longitudinal specimens, talten fiom the surface of the axle nea:
the middle of 1ts length, showed stramns of compiession, the stresses
corresponding theieto being 54,600 and 57,000 pounds per squate 1nch,
respectiiely The stiips were fiom opposite sides of the axle
Necessarily some of the interior elements weile 1n a state of imtial
tension to balance the compiessive stresses at the suiface The
present observations weie noi extended to coiver the determination
of the longitudinal tensions 1n the interior of the axle The magm
tude of these mnteinal stiesses can not buf excite 1nterest

The momentary state of tension endwied by the exteirior of the
axle at the time of quenching left visible effects The drilled holes
comprismg the two groups of six each wele peimanently distoited
In a tangential dnection these holes weie peimanently elongated
about 003 mnch each Lengthwise the axle their diameters 1emamed
substantially unchanged The plugs which were inserted with
driving fits were loosened in the holes

Figuie No 8 shows the appearance of the axle at these two gioups
of drilled and plugged holes

The failure of this axle piesents an additional example of the
necessity of securing workmanship of a hagh oider 1n the machine
fimshing and fitting of material which 1s exposed to such situations
as those which ale occupied by axles, that 1s, wheie 1epeated alternate
stresses of tension and compiession constitute the woil which the
steel 1s 1equired to peiform The demands which ate made upon the
steel aie of a more exacting order in axles than experienced by
metal not exposed to reveised stresses Conditions which do not seem
to have pronounced influence on the primitive stiength neseitheless
are the duect precmsors of failure in metal exposed to long con
tinued stresses The magmtude of the stiesses 1n the service of axles
18 somewhat mdetetmimate Fiom the nature of the woik done they
a1e subject to wide fluctuations and without doubt on some occasions
reach very high fiber stresses

A heat treated axle which failed 1n setvice was examined 1n con
junction with the axle which failed unde1 engine No 1056 The heat
treated axle was branded 11-14 Tt failed 1n sexvice 1n October, 1915
Tt was the main diiving axle of a Mikado type of engine, having jour
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nals 11 inches diameter by 22 inches long The weight on the dinveis
was 227,500 pounds, which 1f evenly distributed would give a wheel
load of 28,437 pounds The diameter of the diivers was 61 inches

The mileage of the engine at the time of falluie was 30,904
=31

b3

B

bl
i

7ens/on

38,200
Com P ress/on

Longitudinal stresses 55,000 compress/on
At surface of axle 54600

Ii¢ No 7—Showlng the manner of talung out concentile 1Ings from disk after the
axle had been quenched in oil from a femperature of 1550 F graphically illustrating
the initial strains which weie found in ihe rings by shaded zones

Fracture oceurred at the middle of the length of the axle, talung
an oblique couise through the metal of the shoit section between
journals The engine was 1un 210 males, without its t1ain, after the
brealk was discotered In consequence of this run the fractuied ends
were much brwised, obliterating all evidence of the 1mfial pomnt of
rupture
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The examination of this axle was foir the puipose of measuring
the nteinal st1ains remaining 1n the steel after heat treatment and
1ts term of seriice, also stiains introduced by cold 10lling with a
hardened steel roller as used in fimishing the suifaces of journals,
st1amns after heavy and hight chips weie taken off the axle 1n a lathe
and planer, and those 1esulfing from peening the surface Strams
were measired 1 both tangential and longitudinal directions There
were bending tests of the metal of concentric mngs which weie taken
out, 1n the lathe, f1om the section of the axle adjacent to the fiactured
suiface After cutting apart 1adially, the metal of these rings was
bent outward, straaghtening them and also reveising the curvatuie

I'r@ No 8 —SBhowling two groups of rix drllled and plugged holes each In middle part of
axle The plugs were loosened at the time of quenching the axle in ofl

Figute No 9 1s a sketch of the half of the axle which was ex-
amined, on which are indicated the positions of the several 11ngs on
which the 1nternal strains were_measured

Refeiring to the 1mifial strains which were piesent in the axle, in
the condition it was found after its fracture the metal at the surface
of the rough tuined section between journals was 1n a state of tan
gential compression The metal of ring A, an exterior 11ng from this
rough tuined section, showed an expansion 1n diameter coirespond
g to 13,000 pounds per squaie 1nch compression Ring B, located
in the same plane as 1ing A, but taken five eighths inch below the su1
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face of the axle, showed the stresses of compression were there 1e
duced to 8,360 pounds per squaie inch

Ring C, corresponding 1n position to B, 1n 1espect to depth below
the surface of the axle, was turned off on 1ts outer suiface, nsing a
rough machine-tool cut The strains displayed by this 1mg wete
neghgible, whence 1t appeared that a heavy machine tool cut had modi-
fied the 1mt1al st1ains which existed 1 that position, the effect being
to efface strains of compiession, bringing the metal to a state of
repose, practically fiee fiom mteinal strains Tt will be noticed also
1 other 1nstances that the effect of twining off the metal with a
heavy cub 1n the lathe has a tendency to put the metal into a state
of tension, a tendency the 1eve1se of certain other kinds of treatment
which miioduce strains of compression
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1¢ No 9 —BSketch of the half of the heat treated axle whleh was examined showing

f;;:lstmns of 11ngs nn which 1nitlal stralns were measured and those used for bending

The next 11ng to be examined, maiked “D,” was taken from the
journal portion of the axle, this being a surface 1mng  The tangential
stress at this place was found fo be 20,390 pounds per squaie inch
compression ‘The tangential stress 1n 11ng E, 1% inches below the
oniginal surface, 1n the same plane as 11ng D, was reduced to 11,080
pounds per square inch compiession The mitial strains measured
on the 1nner rings repiesented those which remained after the 1e
moval of the outer metal There 15 a readjustment of the nternal
strains whenever a change 1n the dimensions of the axle takes place,
hence these mterior values represent a condifion which existed aftel
the more highly stiammed surface metal had been 1emoved The
results were sufficiently pronounced to indicate that a reduction 1n
the intensity of the strains existed at successive depths below the
su face



16 INTERSTATE COMMERCE COMMISSION

Additional rings differently treated were taken fiom the same
depth as 1mg E, admitting a direct comparison to be made hetween
the original condition of the metal at this depth and the modified
strains which weie imntroduced by special treatment

Ring F, taken fiom the same distance below the suiface as 1ing E,
wag cold 10lled with a haidened steel roller, in the manner in which
1t 15 customary to fimsh the surfaces of journals The rolling gave
the surface a high polish The 1mtial stiesses weie by this process
mereased to 14,540 pounds per squate mch comptession

Proceeding along the length of the axle, the next ring, (G, of the
same depth below the suiface as before, was rough turned on 1ts
exterlor surface The feed of the lathe tool was 61 per inch, with
a depth of cut of 3 inch The effect of this rough cut was to reveise
the mutial stresses of compression and put the metal into a state of
tension .

The normal state of the metal at this depth, as shown 1n 11ng E,
was 1n compiession, with a value of 11,080 pounds pel squaie inch,
which was 1eversed in the present 11ng to a state of tension having
a value of 12,076 pounds per square inch These modifications 1n
the inteinal stiamns aie of significance They 1epresent stiesses of
such magmtude that they do not admit of being 1gnoried The scope
of these 1esults 1s such as to show that internal stiains may be of
compression and that they may be reversed and put mto a state of
tension

Finally, 11ng H was taken out, the sutface of which was peened
A light chip was first taken from the suiface of the jouinal and the
metal then peened with a hight hand hammer Tlis ring showed a
state of 1nitial compiession, fhe stress amountmg to 21,100 pounds
per square inch

In the tables which next follow aie grouped the resulés which
were obtained on the heat tieated axle In one table the tangential
stiaans, and then corresponding stresses appear, while 1 the othei
the longitudinal stiains and stresses are shown
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Initial stiains and 3t1¢9ses corresponding thereto in heat breated cxle marked

11-14}

[Determinations made on one half of gxle after it had fractured in service near the
middle of its length between Journal pertlons ]

Marks

= =

TANGENTIAL STRAINS AND STRESSES

lathe too.

iy

Btrains | Cerrespondl
Description released stre%ses "8
Inches | Pounds per square
e
A | Taken [rom rough turned section ofaxle portion between journsls + 0046 [ 13 000 comp
outer ring [rom surface of axle
Taken from reugh furned section of axle portion between journals | -+ 0025 | 8 360 comp
inner ring 4 inch below surfnce
Taken [rom rough turned section ofaxle portionbetween journals, | + 0001 | Neglhgible
1nner nnf from positlon corresponding to B A rough cut wmth
taken over the exterior of bthus ring
Outer ring from Journal surface ol axle + 0073 | 20 390 comp
Inner ring from journal + 0035 { 11 08D comp
Inner ring {rom posifion corresponding to E  The surface of this [ 4 004G | 14 540 comp
was finished by rolling in the same manner journals are
rolled to give them a srmooth polished Anish
Innerring [rom position corresponding torings Eand ' Arough | — 0038 | 12 076 fension
cuf with lathe tool, taken over the exterlor of this ring
Surface ol journal turned off to 10 75 inches diameter then surface | 4+ 0070 | 21 100 comp

of thls ring peined wth hgpl; band hammer

LONGITUDINAL 8TILATNS AND STRESSES IN STRIPS TAKEN FROM THE JOURNAL

[=F5 -] LY

Strlg taken at the surface of journal
o

Medinm rough cnt taken off surface of sirip 1n planer
Heavier cut than tnken of surface of strip 3
Strl]& talen off after heavy turning cut in lathe

o

+ 0111
0095
0002
0017
0001
0007

33 300 comp
28 500 comp
600 comp
5,100 tension
300 tension
2 100 tension

Tensile tests made with longitudinal specimens, 4 inch diameter by
8 inches long, which were taken from the journal portion of the axle,
gave the following 1esults

Dutslde
Middle
Inside

Ouiside

Contrae-
Klashe Tensile Llonga

} ocation Iomut sirength Hon t;r;enaof

Lbs per sq fn | Lbs per sy en | Per cend | Perormt
P ‘.IfqﬁOO p 922 700 27 512
40, £00 a1 100 24 53 1
14, 600 92,600 B 5 48

Appearance of Fracture
B0 per cent cup pran || Middle l sﬁufer eent cup gran || Tnade 100 per cent full gran
u?ur ar ular
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Chemical anclyses

T

Carbon } Mapganese | Sflicon | Sulphur | Phosphoms

Dutdde 0 58 g 8 b 218 0 46 0039
Middle 58 8a 194 (13 1

The metal of an axle 1s exposed to severe conditions while 1n
service, and stresses which are mcident to service conditions should
not be augmented by internal strains of fabiication 1f they are
found to be detrimental It has been customaiy, appatently, to
consider only those stresses tn axles which were due to the external
loads coming fiom the weight of the engine, o1 cars, as the case
happened to be The internal stramns at the time of quenching,
during heat treatment, those which result from heavy machine cuts
1n rough tuiming, and those which accompany the operation of cold
1olling the journals for finishing puiposes appear to attain a mag-
nitude comparable to the dilect stiesses which are caused by the
wheel loads

The 1nternal strains which have been 1eferred to 1 connection with
the heat tieated axle weio those having a tangenfial direction The
longitudinal strains claim 1ather more attention since the failuie of
an axle commonly occuts by tension 1n a longitudinal drectron

The tests were continued, ascertaining the longitudinal strains
which were present at the sui1face of the jomrnal Two strips, taken
diametnically opposite each other, showed the suiface metal to be
1n a state of initial compression, one strip having a value of 33,300
pounds per square inch, the other 28,500 pounds per square inch

Necessarily, certain paits of the axle are exposed to longitudi-
nal stiains of tension to balance those of compression which
are located at the surface In the heat treated section of the axle
which caused the Hoffman accident there was shown a state of
tangential tension 1n the mtermediate zone of metal, hetween the
exteriol metal and that which was exposed to the quenching action
of the o1l at the surface of the bore It was also shown that com-
cident surface strains of compression existed in the quenched metal
mm both tangential and longitudinal directions This condition in
an axle, in which the surface metal 15 1n a state of compression while
the 1nterior 1s 1n tension, 18 analogous to the state m which the
head of a 1a1l 15 found Adfter cold rolling in service strains of
compression are imtroduced at the rmning surface, mcieasing such
as wete acquured during cooling at the time of fabrication These
longitudinal strains of tension in the interior of the axle furmish
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a contributory cause of interior cracks reported as having been wi-
nessed 1n heat-treated axles They are essentially of the same oider
as the reverse stiains of compression 1n the tops of the heads of rails
which lead to the formation of transverse fissures of interior origin
The mfuence of the exterior metal when 1n a state of compression 1s
the same, whether 1n an axle or 1 2 rail, 1n respect to putting cer-
tain of the mteilor elements into a state of tension The effect of
internal strains may very properly be taken into account when
considering the causes of the premature failure of heat-t1eated axles

Further tests were conducted on longitudinal strips taken fiom
the jouinal portion of the heat-treated axle A medium rough cut
was taken lengthwise the axle by a planer tool The 1mitial strains
1 this strip weie found to be only 600 pounds per square inch com-
pression, a negligible quanfity A heavier cut was taken m the
planei, over another strip, which resulted 1n putting the metal into
a state of tension the stress corresponding thereto being 5,100 pounds
pet square 1inch

It was considered desirable to duplicate these obse1 vations on other
st11ps the smiface of which had been 10ugh turned 1n the lathe instead
of being planed Two such strips were examined, one of which ap-
peared to show a contraction of 00001 inch, a neghgible quantity,
the other contracted 0 0007 inch, which latter strain corresponds to
2,100 pounds per squaie 1nch tension

These detexminations show the contiol which, i a degree, can be
exercised over the introduction of imternal strains by variation mn
machine toolmg In modein machine practice efficiency has lbeen
the watchword, and a great stride has been talken in the rapidity
with whach 1t 1s possible to conduct machine operations To guaid
against the effect of too heavy machine cuts, sufficient metal must be
left after rough turnmg, on such mmportant members as axles, to
permit the fimishing cuts to remove all seriously affected metal

In geneial, theie 1s a progressive change 1n the intensity of the
mitial stiains 1n passing from one zone to another in the depth of
the metal Tt follows that the results here recorded 1epresent mean
stzains and pot the maximum ntensity of effect which the steel
endutes The 1esults are therefore conservative statements of the
strains which were 1 the metal

Several 11ngs from the heat treated axle were cut apart radially
wheieupon the ends closed 1n or sprung apart, according to the pro
gresstve character of the internal strains in the metal Figure No
10 shows the amounts which different rings changed their shape when
further opportunity was given them to experience relief from the
residnal strains which were in the steel
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e
Jmagr/: turned
o7

folled
10

Fiec No 10 —Sketches of rings from heat treated axle showing changes in shapes when
cut apart radlally caused by dlfferent treatment of their exterlor surfaces when they
were an integral part ef the axle

\

In conclusion, 1t appears that the failure of the axle which oc
cutied under engine No 1056 was caused by defective metal at the
suiface of the journal, amsing fiom mechanical injuiy to the steel,
done 1n the rough turning of the axle The inciprent point of 1upture
was located 1n the area of affected metal at the surface of the journal,
where numerous short cracks were present and attiitbutable to the
roughing cut of the lathe tool in turning the forgmng from which
the axle was made While the direct cause of the fracture of the
axle was due to the defective metal of the left hand journal, other
fractures were 1n progress m the wheel seat of the same end of the
axle which eventually would have resulted in complete rupture n
that section These incipient cracks, which owed then formation to
the imperfect fit between the hub of the left hand driving wheel and
1ts seat on the axle, had extended in the aggregate a distance equal
to one half the circumference of the axle Evidence of lack of care
m the preparation of the axle was shown by the two groups of
drilled and plugged holes representing errors in locating the key
ways

SUMMARY

The evidence presented in the investigation of the failure of the
axle under engine No 1056 conclusively shows that the workmanship
m machining the axle was the prime cause of its fallure There was
an area of metal on the surface of the journal which showed short
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and numeious cracks clearly attributable to the roughing cut taken
in the lathe, the effects of which did not turn out 1n the fimshing cut

These surface cracks afforded the opportumty required for such
2 concentration of stress as led to ultunate failure The location of
the place of rupture wes an unusual one, bemg near the middle of the
length of the Journal, where the stresses 1n service would not ordi-
narily attain their maximum intensity The presence of the surface
cracks explains why rupture occurred at this unusual place

It further appears in the mvestigation conducted by the engineer
physicist that other fractures were 1n progiess which eventually
would have resulted mm the fairlure of the axle These additional
fractures were located in the metal of the wheel seat, on the left
hand end of the axle While the length of the hub of the driving
wheel was 8 inches, the length of bearing which it had on the axle
1anged from only 4 mch to 13 inches The staiting of inciprent
cracks 1n the wheel seat was doubtless mfluenced by this unperfect
fit An error was made in laying out the keyways, and two groups of
holes were diilled and plugged 1n consequence All of this evidence
18 derogatory to the class of workmanship needed 1n an axle These
facts concerning workmanship, however, would not be known after
the engme had been assembled and put out onto the road, but which
pevertheless were the precuisors of its ultimate failure

The quality of the steel of which the axle was made 15 not held
1esponsible for the faillure Its examination, apart from the defects
due to workmanship which the metal 1fself was 1n no wise respon-
sible for, showed no connection between 1ts failure and the quahty of
the steel TIts structural condition as regards imitial strains showed
a state of repose and comparative freedom from stiains of magm
tude 1n gireater degree than the heat treated axle which was ex-
amined, in quest of coirélated data, in conjunction with 1t

Primarily, inspection should be made 1n the shop and assurnnece
of good workmanship received before an axle 1s 1n the first place
assembled 1n an engine, and 1 view of the grave consequences which
sometimes follow and are hikely at all times to follow the failure of
an axle, any indication of a defective condition should be fully ex-
plored and the cause of such trouble ascertained before furthei
movements of an engine are made, and those movements which are
essential to get the engine to a place of repan should be made with
caution

There was warning given of 1mpending failure when the engine
was removed from the passenger train which 1t was hauling and re-
placed by another engine Trouble was located 1n the oil-box cellar,
but search was not continued sufliciently to ascertain why there was
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tiouble with the cellnn  The functions of the 01l box cellar are such
that the 1eal seat of trouble should be looked for in other parts of the
mechanism, and the 1nspection not confined to the cellar alone Had
the inspection been more thorough and complete, 1t 1s probable that
the 1eal trouble would have been discovered and the accident averted,
notwithstanding the defective workmanship which was shown to have
existed

Respectfully submitted
H W. Berwap,

Ohaef Drorson of Safety
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