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INTERSTATE COMMERCE COMMISSION

REPORT OF THE CHIEF OF THE BUREAU OF SAFETY IN RE INVES-
TIGATION OF AN ACCIDENT WHICH OCCURRED ON THE ATLANTA,
BIRMINGHAM & ATLANTIC RAILWAY NEAR BEN HILL, GA, ON

MARCH 12, 1922
, Ocioper 7 1922
To rmr CoMMISSION
On March 12, 1922, there was 2 deiailment of a passenger tran
on the Atlanta, Birmingham & Atlantic Railway near Ben Hill,
Ga, which resulted m the death of 4 passengers and 3 employees

off duty, and the mnjury of 16 passengers

TOCATION AND METHOD OF OFPERATION

This aceident occurred on that part of the Bumingham division
extending between Manchester and Atlanta, Ga, a distance of 782
miles, which 1n the vieimty of the point of accident 1s a single-track
Line over which trains are operated by time-table and train orders,
no block-signal system being i use The accident occurred about
2 miles east of Ben Hill, approaching this pomnt from the west the
track 1s tangent for a distance of about 2,300 feet The grade 1s
descending for easthbound trains, varying from 06 to 1 per cent
The track 1n thig nicanity 1s laid with 80-pound rails, 33 feet 1n
length with an average of 20 pme or oak ties to the rail-length,
the roadbed 18 of clay, surfaced with slag ballasi about 8 inches
m depth  Approximately 462 feet east of the first mark of derail
ment 18 a single-span steel plate-girder biidge spannmng Camp
Creelt, 80 feet 1n length and about 40 feet 1 height Its suppoits
constst of remntorced concrete abutments, with wings that slope
gradually downward and outwald The weather was clear at the
tune of the accident, which occuired at about 821 a m

DUSCRIPTION

Tasthound passenger (1ain No 2 consisted of 1 baggage car and
2 coaches, all of wooden construction, hanled by engine 124, and
was 1n charge of Conductor Dixon and Engineman Bosworth  Tlus
train left Bellwood at 759 a m, and after having proceeded about
13 miles the rear car was derailed on account of a broken wheel
while traveling at an estimated speed of 30 miles an hour
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The 1ear end of the derailed car slewed to the right at the bridge,
overturmng as 1t left the west abutment, and turned bottom up as
1t dropped, 1ts momentum carrying 1t to the east bank of the creek
It came to rest biolken in two at about its center, with the fromt
portion of the car 1esting against the east abutment, pointing almost
straight upwaild, the car was completely demolished Iiguie No [
shows the condition of this enr after the accident, the view bemng
taken from the west abutment of the hidge

SUMMARY OT" LVIDF NCE

At the summt of the descending grade, before reaching the point
of derailment, train No 2 was traveling at a speed estimated to have
been between 20 and 25 miles an how , Engineman Bosworth shut
off steam, but made no brake appleation, the tram drifiing at
shghtly increased speed until the engie reached the birdge, at which
point Engimeman Boswoith and Fueman Powell felt a severe jerk,
and on looking back saw the 1ear car derailed The engineman 1m-
mediately made an emergency application of the air brakes Con-
ductor Dixon had just left the 1ear car when ithis sudden jerk oc-
curied, mmediately afterwaids he saw the rear car rocling, but
beloie he had time to reach the emcigency arr valve the air brakes
were applied 1n eme1gency, the rea1 car brealing away at the biidge
Flagman Gieatorex was 11ding 1n the baggape ca1 at the time of the
accident None of these employees had noticed anything unusual
prior to the accident and stated that the air biales were wollung
propetly

The mvestigation made by these employees showed that the derail-
ment of the ca1 was due to 4 broken wheel, a fragment of this wheel
was still warm when Conductor Dixon and Fireman Powell handled
1t about one and one-half and two hours, respectively, after the acci-
dent The statement of Chief Engineer Beal was that he armved at
the scene of the accident about two homs after 1ts occurience, and at
that time Lhe fragment of the wheel was still warm

An inspection disclosed that a sector comprising approximately
one-third of 1ts area was broken out of the right front wheel of the
1ear truclk of the last ca1  This allowed the opposite wheel to drop
inside the north rail, the first mark of dermilment being a flange
mark on a tie on the notth side of the track, 6 inches 1nside the gauge
of the notth 1211, at a point 462 feet west of the west end of the bridge
This mark paralleled the rail for a distance of 82 feet, then gradually
extended dlagonally toward the center of the track, after which 1t
again paralleled the rail for a distance of about 70 feet, and then
veered to the south at a gradual angle until the gauge side of the
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gouth rail was reached From this point the south rail was beveled
until the pressuie of the wheel 1ncieased sufficiently to push the ra:l
out of line and turn 1t over, the wheels, however, continued on the
ties, 1nside the rail location, onto the bridge The left rear wheel was
derailed at a point 115 feet east of the fiist point of derailment, and
marled the ties for a distance of 25 feet, at which point these marks
joined the flange marks of the front wheel The first maik on the
outside of the sonth rail was 33 feet east of the first mark opposite
the north rail, the alternate battering of ties, followed by ties which
were flange maiked, indicating that the bioken wheel continued to
rotate for a distance of about 36 feet, after which the wheels were
diagged the remainder of the distance, the truck came to rest parallel
to and about 10 feet no1th of the rea1 end of the car on the east bank
of the creek, as shown in Figme No 1

The testunony at the healing upon Lhis accident was to the cffect
that none of the brakes on the derailed car was sticking at any
time on this or previous trips, nevertheless it was brought out at
that time that the sector of the broken wheel was still warm when
employees handled 1t as late ag two hours after the accident occuired
Subsequent exatmimation ncdicated that all of the wheels of the
rear truck of the derailed car weie 1 a heated concilion at the time
of the acerdent, the b alke shoes and wheel tieads being blued on the
bealing surfaces, with ciacks of various lengths existing on them
The wheel 1mmmechately behind the one which failed was found to
have a crack in the plate 23 inches long It 18 algo impo1tant to note
that the speed of the tian did not appear to materially nciease
while diifting down a 1 per cent grade, although no appheation of
the air brakes was made This engine had 60-inch driving wheels,
and the tiain consisted of three cais, on March 20, 1922, a test was
made at tlus point with an engine of the same type, with 36-mch
driving wheels and a foum-ca1 tramn Tt was found that the speed
while drifting inereased fiom 20 to 36 miles an hour, an mcrease of
16 miles an hour ‘The statements of the arr-hiale mspection force
were to the effect that the arr hiakes had been tested and were work-
mg properly befoe the tram left the mitial texmmal

The wheel which broke was of cliulled cast mon manufactured by
the Southern Wheel Co, No 57203, and cast on October 18, 1920,
1t weighed 701 pounds, and was applied to this coach on January 13,
1921, since which time 1t had tiaveled approximately 36,923 miles
The broken sector measured 6§ inches at the hub and 45 1inches at the
tread, there was a flat spot at one of the two pownts of rupture on the
tread measuring 1% mches m diametel

This acerdent was caused by a broken wheel, appatently due to the
air biakes sticlung  An investigation into the 1eafon for the failure
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of this wheel was conducted by Mi James E ITowaird, engince-
physicist, whose 1eport 1mmechately follows

KEPORT O THE ENGINEFR-PHYSICISI

The deradment of the rear car of t1ain No 2, first-class coach
No 501, obviously resulted fiom the rupture of the forward right-
hand wheel of the rear truck ot that car  This car remained on
ithe roadbed, i part derailed, but overlurned when the bridge span-
ning Camp Creek was reached The forward end of the car struck
the farther abutment The 1ea1 end, i falling, struck the bed ot
the creek and broke the car in two, the fatalities occuiring m the
rear portion of the cat The circumstances attending the derail-
ment and subsequent investigation of conditions piesented by the
track, together with the examination of the fragments of the broken
wheel, left no doubt as to the proxmmate cause of the accident, which
attached to the wheel mn question

The broken wheel, a 33-inch chilled cast-iron wheel, No 57293,
was made by the Southetn Wheel Co, at their Birmingham works,
October 18, 1920, weight 701 pounds, tape s1ze 3, and came from the
middle part of the annealing pit  Six other wheels under this car
were made by the Southein Wheel Co, while one was made by the
Ameiican Ca1 & Foundry Co, Buffalo, N Y The date of manu-
tacture of the latter was June 12, 1917, those made by the Southern
Wheel Co heing cast 1n 1920 and 1921

The wheels and trucks of car No 501 were shipped to Atlanta,
Ga, from the scene of the accaident They were examimed 1n the
Bellwood yaid They showed evidence of recent overheating, in-
dicated by the blue-black surfaces of the rims Smmlar 1ndications
were shown by the brake shoes—a moie common occurience, how-
ever, i brake shoes, since heating effects are confined to a much
smalier volume of metal 1n the shoe than in the wheel On the shoe
the heating mfluence 18 continuous while bralung conditions con-
tinue, whereas such influence 1s mtermittent referling to any given
portion of the runnming surface of the rim, unless perchance the
wheel 15 slid, intense local heating then occurring between the tread
of the wheel and the head of the 121l In general brake shoes are
eaposed to mole mtense and destructive theimal influences than the
nims of wheels

In the present case the brale shoes displayed theimal cracks, to
which special importance does not necessarily attach since brake
shoes commonly present such a condition Such an eaily 1esult 15
provided {or in the manufacture of brake shoes which are fabricated
with a strip of lo1ged steel to 1etam the parts of the shoe in place
after the formation of theimal eracks, and which promptly take



ACCIDENT NEAR BEN HILL, GA b

place when the shoes are exposed to sudden variations in tempera-
tme  While not regaided of peculiar importance m the pregent
accident, nevertheless a consideration of the influences which act
upon brake shoes and their effects, as witnessed in brake shoes them-
selves, directs attention to conesponding effects which tale place mn
the metal of the treads of wheels Thermal effects represent sources
of danger to the ntegrity of the metal against which no wheel, of
whatever type i1t may be, 15 exempt

Inteinal stiains mmduced by differences in temperatme depend
upon the ranges m such differences and upon the relatrve volumes ot
hot and cold metal which aie n opposition, refeiring to differences
m temperatuie m a wheel of one integral unit The gieater the
difference 1n temperatuie the greater will be the induced internal
stiaing  Again, the greater the volume of metal affected the greate:
will be the gi1oss force 1equired 1f exerted to 1estiain the cffect ol
such thermal 1esult  Increase of weight of wheel may inciease the
gross force eaerted on the one hand, or by presenting a greater vol-
mme of metal to abso1b the heat, representing the mechanical equiva-
lent of the work done, result 1n a lesser rise 1 temperature and
therefore cause lesser inteinal strains 1 adjacent parts These are
considerations which present themselves 1 the discussion of the
causes of failure of wheels where thermnal conditions aie responsi-
ble factors They present themselves i connection with thig derail-
ment, concerning which there are mseuflicient data to formulate a
direct and positive explanation of the failure of the wheel 1n the
truck of car No 501

These 1remarks point to mvestigative work which will be necessary
to establish a foundation upon which to base an entirely conclusive
explanation of the manner of failure of this wheel and upon which
extended cooperation of the Southern Wheel Co and the Associa-
tion of Chilled Wheel Manufacturers, thiough their consulting eng:-
neer, Mr F K Vial, has been offered The present report wll
therefore be submitted as one deseriptive of the conditions pertain-
ing to this wheel without undertaking to describe the exact phases
through which the metal of the wheel passed and which led to its
ultimate rupture

The mmediate examination of the wheels at the Bellwood yaid
showed the 11ms to have been recently heated to such a degree that
oxide tints had been acquired on the runmng surfaces, that thermal
cracks were piesent on the tread of one of the wheels of the leading
axle of the forward truclk, in the vicinity of a shight “ comby spot”
and at other parts of the tread, and that a circular crack had been
found on the American Car & Foundry wheel on the rear axle on the
sanie side of the truck as the brolien wheel, which extended for a cis-
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tance of some 23 mches m the singie plate, located i the vicimty of
the junction of the outer and inner plates

The brolten wheel showed two lines of 1uptule, eacli approximately
1achal, passing through the core leg openings of the mne: plate and
the chaplets of the outer plate  Substantially one-thind of the wheel
wag separated by the sector thus detaclied at the time of the accadent
It was also found that one of these radial limes of 1uplue separated
the metal of the 11m at a “shd-flat” spot  Thes hine of 1upture was
the leading one with reference to the rotation of the wheel when n
the lruck

This shid-flat spot may have been instiumental 1n causing the
1upture of the wheel, and possibly was the immediate cause In-
formation 15 not at hand whereby the time this shd-flat spot was
formed can be ascertained, whether on the paiticular rtun on which
the accident occuried or on some formel occasion  All the wheels of
the reax truclk, in fact, those of both tiucks, are beheved to have
been heated above an ordmary braking temperatuie on this par-
ticular run of the tiamn

When heated by frictional contact with the brake shoe the 11m
of the wheel necessarily becomes the hotter portion, and that pairt
atbains a state of internal compression, intloducing radial tension 1n
the plates as the necessary teaction to the hotter 11m  Such a state
would at such a time militate against a Ime of ruptute having its
origin at the 11m Commonly segmenls instead of sectors are de-
tached 1n bicken wheels, the extension of such lmes of rupture as
witnéssed m the plate of the wheel made by the Ameilican Car &
Foundry Co

The Ime of rupture separating the shd-flat spot, at the middle
of 1ts length, 1s suggestive, howevel, of the explanation that the
1mfial point of ruptuie of the wheel occuried at this place, and, 1f so,
necessarily at a time when the metal at this particular part of the
11m was 1n a state of tension

Overheating the rum locally puts, for the time being, that part into
a state of mtense compression, mto a state of overcompression,
wlach subsequently reveirses to one of tension when equalization of
temperatuie 1 the wheel s 1eached It seems tenable to believe
that thug flat spot was formed durmg the run on which the accident
occutled at a time when the wheel as a whole was abnoimally hot,
the result of some tempoiary airest in 1ts rotation, that 1s, a flat
spol was formed on a wheel of which both the rim and the plate
was above the noimal temperatuie When rotation was resumed
this shid-flat spot would promptly cool to the temperature of the
adjacent parts of the 1im, and mn so domng reverse the mternal
strains to a state of tension, and thus furnish the opportunity to
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originate the line of rupture which was followed by complete fallure
of the wheel Tt seems a comncidence that this shid-flat spot chanced
to be radially m lme with the core leg opening and chaplet of the
double plate

The brake shoe from the broken wheel showed abrasive weal,
oblique 1 direction across ils face, the abraded part covering only a
portion of the usual contact suface Unusual conditions prevailed
affecting this wheel some tine dwming its period m seivice and
not unhkely the major part occurred shortly before the time of 1its
ruptule

As thus conjectinally desciibed, a condition would be introduced
tending to cause a line of rupture to form at the tread, by reason of
a state of tension being acquired at that surface, notwithstanding the
wheel as a whole was n an overheated condition Tt will be borne m
mind that a 1ange 1 temperature of 340° I' causes a dilatation
cast non equal Lo a stress of 30,000 pounds per squaie inch with the
modulus of elasticity taken at 15,000,000 At the high temperature
ot the shd-flat spot the tensile stiength of the 1on 1s dobtless much
reduced Ordinary cast {(gun) wron, which displays a tensile strength
of not less than 30,000 pounds per squaie mch at atmospheric tem-
peratures, has a tensile strength at 1,500° I of only 10,000 pounds per
squale inch Therefore a ranpe 1n temperature much less than 340° F
would be suficient to stramn the non to its tensile himat, allowing a
liberal modification 1n 1ts coeflicient of expansion and modulus of
elasticity for elevation of temperature

Evidence 15 frequently presented m the treads of wheels of the
formatron of mcipient cracks which were m evidence in the wheels
of this derailed car Such a crack m the Inolken wheel penstrated
to a depth of nmine-sixteenths mch  These cracks, hair lines 1 ap-
pearance, represent the 1elief of mmternal st1aing of tension by rupture
of the metal and doubtless formed at a time when the suiface of the
tiead was momentarily at a lower temperature than the metal of the
nterior of the mm  Such a condition arises when the suiface of the
tiead has been raised to a lugh temperature, and air cooled over the
hot core o1 1nterio1 portion of the mm Photogiaphs herewith 1llus-
trate thermal ciacks of this kind which were found m the wheels un-
der examination

Such cracls have been experimentally formed by heating the rim
of a ¢hilled 1ron wheel by means of a torch, raising the temperatuie
to a red heat, and allowing the wheel to cool 1n the air  The 1mme-
diate effect of the heating was overcompression of the surface metal,
stiainming the interror metal 1n tension Upon coolmg, the suiface
strains were reversed, becoming stramns of tension, and eracks were
thus formed on the surface of the tread while under macioscople

- observation
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The fractured surfaces of cast 1ron do not afford the ~ame ready
means ol showing the points of orygin of fiactures as those which
steels commonly display Other evidence must be sought to de-
termine the ponts of o11gin of fractures mn cast nons A probable
or possible cause of failure has been pointed out, as above, 1 the
present wheel, one which would explain why the line of rupture was
located separating the tread at a shd-flat spot This explanation of
the proximate canse of 1upture will be held until more extended data
are acquued upon the mteinal strains present m chilled iron wheels
and mformation acquired, 1f attainable, upon the effects of 1epeated
bralke apphecations i which the rims are successively heated and
cooled

Eatlier observations have been made upon the internal strains in
the rmm, plates, and hub of a chilled iron wheel 1n which mternal
stiaing of tenston were found present in the plate with a ngh state
of compiession at the hub  So-called split hubs are said to have
therr origins 1n the plate, thence extending 1n each direction through
the hub to the wheel fit, and through the 11m to the runming suiface
of the tiead Measmed stramns in the hub of one wheel amounted
to some 20,000 pounds per square inch compression Strains of ten-
sion somewhat 1rregular in magmitude weie found in the plate,
likewise those of compression varied 1n degree m different parts of
the wheel

Importance attaches to these mternal thermal strains, since they
may easily exceed 1n magnitude the direct strains caused by the axle
loads They may augment o1 dimimish the strains due to axle loads
according to position A complete undeistandmg of the wheel
problem nvolves the consider ation of these coacting forces, internal
straing and external stresses, with numerical data upon the magmtude
of each Prowided with such information a closer appioach can be
made 1 predicating the margin m strength which 18 1n reserve in
chilled 1ron wheels after they have been in service than can now be
offered -

Certain customary tests were made with the different wheels which
were under car No 501 Attention 15 often directed to the force re-
quired fo dismount wheels from their axles, and tests were made on
this feature The tons pressuie required to remove the several wheels
from their axles were as follows Forward axle, 11ght and left wlheels,
respectrvely, 90 tons and 135 tons, rear axle, forward truck, 87 and
90 tons, forward axle of rear truck, left wheel, 95 tons, rear axle,
1ea1 truck, 100 (wheel with cracked plate) and 120 tons, respec-
tively A theimal test, molten metal poured against the rim, was
made with wheel No 57287, made by the Southern Wheel Co, and
cast October 18, 1920 It withstood this treatment 8 mmutes 58
geconds befoire craclong
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Although a theimal test 15 frequently made, 1ts relation to the
endimance of the wheel under service conditions does not appeal to
have been defimitely established,a comment 1n 1espect to speeifications
governing the acceptance of mateiinl which need not be 1esiiicied
to chilled-iron wheels A wide gap exists between the mformation
acquired 1n customary 1outine testing and knowledge of the behavior
of the material when 1t 1eaches the track whereby a proper margin
in stiength and safety may be 1etained 1 the materials of both track
and equpment Efforte are bemng made, however, to close this gap
somewhat and establish more closely definite 1elations between physi-
cal properties and struetural states and the endurance of materlals
under seivice conditions Such a problem necessarily mvolves a
consideration of all the elementaly factors which service conditions
call mto play

The present 1eport 15 submitted as a tentative one baged upon the
eeneral information at hand upen the propeities of (lulled-1ron
wheels, which 15 admittedly meaget 1n 1elation to the state of inter-
nal straing the wheels are 1 when fiist put mnto service and that
relating to the successive phases through which the (ifferent zones
of chilled, mottled, and gray non pass durmg then term of service,
m which thermal strains and mechamcal strains each are 1ecog-
nized faclols In summation, evidence leads 1 the dnection of at-
tutbuting 1esponsibility for the rupture of the present wheel to the
local strains set up at the shid-flat spot on the tiead Other explana-
tions vwhich might be advanced are more or less 1n opposition to each
other, and consequently untenable

SUMM ARY

A type of ruptuie nol of common occurrence was witnessed
the failure of this chilled-aron wheel which was under derailed car
No 501, from which a sector was detached by the formation of two

adial Iines of rupture The engmeer-physicist points significantly
to the presence of a slid-flat spot on the tiead of the wheel, thiough
which the leading line of 1uptuie passed, and 1egards this shd-flat
spot as the probable factor which caused the failure

This was comparatively a new wheel, the marks of the chiller not
having been fully effaced Whatever deterioration there may be m
wheels after a period of time 1n seivice, such could not be mged as
a cause for the rupture of the present wheel When the 11m of 2
wheel 15 heated to a higher temperatuie than the plate, rupture by
tension at the rim 1s hindered, since the 11m under such a condition
1= 1n a state of internal compression, a state the 1everse of one pei-
mitting a tensile fracture and there are slid-flat spots 1n great num-
bers on wheels which are m service and which continue to endure
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the strams of service without ruptuie However, the enginee:-
physicist makes this distinetion, that a shd-flat spot foimed on a2
Liot wheel presents a different set of condifions than experienced
when a cold wheel 15 shd flat and which scems competent to cause
1upture m a hot wheel, and advances this explanation as a tenable
one 1n the present mnstance

Unquestionably tensile lines of rupture form on the treads of
wheels, they are 1n abundant evidence They even have been foimed
in the shop experimentally, hence therr manner of formation 1<
known Theimal cracks in the present mvestigation were found to
have penetrated to a depth of nine-sixteenths of an inch, and greatex
depths of penetration have been witnegsed, showing that 11ms of
wheels are at times 1 a state of tension of such degree that partial
rupture ensues

The explanation that the wheel under car No 501 failed by 1eason
ot a theamal crack forming on 1ts tread while 1n a heated condition,
promptly precipitating total failure, seems 1n the hght of present
knowledge a reasonable ome The report thercfore 15 submitted
with this explanation of the cause of the derailment as a tentative
one, not involving inconsistencies which ceitain other explanations
would introduwce Tt 1s not suflicient to attribute failure merely to
overheating, unless the phases thiough which rupture 1s 1eached aie
Imown to be reasonable and consistent The attributed cause 1s the
only one which seems to mvolve no discordant details exhibited
the circumstances attending the accident

Respectfully,
W T Bornaxb,
Cheef Bureaw of Sapely
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bic 1 —General view of derailed coach lying hottom side up on bed of Camp Cheek with forward end lean
g against cast abutment of bridze



37293, showmeg 1adial hipes of 1aptuie passin., thiousl

Imitial point of rupture believed to be at 1xm on nght side of this cut

"¢ 2—Front view of brolien wheel No

chaplets 1n front plate
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bi1¢ 3 —Rear view of Dloken wheel No 57293 showing radial lines of rupture passing through core leg opemngs of rear plate

Iniial point of rupture believed to be at run on left side of this cat



116 4 —View of tiead of biolen wheel No 57298, showing line of 1uptuie
located at a shd fat spoi behieved to be the il pome of 1uptawe



B T e S T S T
. % 4

: e
- e . & o
ST TIT TR VN e N eéyg M@m&?ﬁm‘& m,m*

Fiec 3 —Appeaiance of brake ghoes from wheels of derailed car No 501
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F16 6 —aAppeardnce of brake shoe from broken wheel Ne 57203, shewing ob iquely
abraded surface
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Iig 7—Theimal ciacks 1n tiead of wheel No 357296 left hand wheel on forwud
axle of front tiuck, derailed ear 501 Comby spot m vicunty of thetwal cracks



T § —Lheimal wiocks 1n other part of tiead of wheel No 57209, shown in Iig 7
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