INTERSTATE COMMERCE COMMISSION

REPORT OF THE DIRECTOR OF THE BUREAU OF SAFETY IN RE
INVESTIGATION OF AN ACCIDENT WHICH O0CCURRED 0N THE
NASHVILLE, CHATTANOOGA AND ST LOUIS RAILWAY AT KEN
NESAW, GA , ON DECEMBER 22, 1923

February 27, 192}
To TaHE CoMraIssioN
On December 22, 1923, there was a derailment of a passengel t1ain
on the Nashville, Chattancoga & St Lows Railway at Kennesaw,
Ga, resulting 1 the death of one employee, and the injuiy of one
passengel and two employees

LOCATION AND METHOD OF OPERATION

This accident occuried on that part of the Atlanta Division ex-
tending between Junta and Atlanta, Ga, a distance of 47 66 mules,
tramng of the Lowsville & Nashwille Railioad also use this portion of
the track In the vicimity of the point of accident this 15 a single-
track line over which trains are operated by time-table, train orders,
and a manual block-signal system The accident ocemrred just south
of the station at Kennesaw Approaching tlns point from the north
theie 1s a shoit tangent, followed by a compound curve to the left
1,578 feet i length, with a cmivature varying fiom 4° 09 to 5° 08,
the accident occurting on this curve at a pomnt 1,190 feet from 1ifs
northein end, wheie the curvature 1s at 1ts maximum The giade
101 southbound tramns 1s ascending for about 6 mules, bemg 09 pel
cent at 1ts maximum, to within 340 feet of the pomnt of accident,
fiom wliach point 1t 15 0 28 per cent descending for a considerable
distance beyond the poml ot accadent The track in this vieimity
18 laid with 90-pound 1als, 33 feet 1n length, with an average of 18
oak ties to the rail length, and ballasted with cinders, tie plates are
used on cutves The weather was cloudy at the time of the accident,
which ocemied at about 705 a2 m
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Southbound passenger train No 91 consmsted of one baggage car,
two Pullman sleeping cais, one diming car and two Pullman sleep-
ing cais, 1n the oider named, hauled by engine 550, and was 1n
charge of Conductor Hilley and Engineman Brown The cars were
of all-steel constiuction with the exception of the {ourth car, which
had a steel underfiame This tiam left Junta, 1944 miles from
Kennesaw, at. 6 38 a m, eight mimutes late, passed Kennesaw at 7 05
a m, two minutes late, and on reaching a powt about 650 feet
south of the station was dermled by a broken 1a1]1 while t1aveling at
a speed estimated to have been between 35 and 40 males an hour

Engine 550, 1ts tender, the first thiee cais, and the forwaid truck
of the fourth car were derailed to the right, the engine coming to
rest on its 11ght side on an adjacent passing track, with its head
end 306 feel fiom the mmtial pownt of derailment, the cars re-
mamed upright The employee Talled was the engimermnan

SUMMARY O EVIDDNCE

The fust knowledge membeis of the crew had of anything wiong
was when the accident occuried Fueman Young stated he noticed
nothimmg wrong with the riding quahties of the engine en route, and
estimated the speed to have been 40 miles an hour at the time of the
accident, also thal the engmeman applied the an akes mn emer-
gency Just after the engime hecame derailed  Conductor Talley
estimated the speed to have been about 85 miles an hour at the Limes
of the derailment, immediately after the aceadent he found a broken
121l 1n the track, near the diming car

The 121l which bioke was on the west smde of the tiack, this
being the high rail of the curve, the bieak occuriing at a pomnt 113
mches from the leaving end, at the end of a sphice bar  The first
6 feet of the 1eceiving end of this rail remamed intact, but fiom
this point Lo whele the eak occurred the 141l was tuined over
There were no marks on the north end ol the leaving pottion of the
rail, located immediately south of wheie the break occmied, to
indicate that any wheels passed over 1t

Ingpection of the track starting at the twenty-second 1aal joint
noith of the jomni wheie the 1ml bioke, the joinis bemng staggeied,
showed the gauge to be standaid o1 shghtly wide, down to and 1n-
cluding the fifth jomt {rom the moken 1a1l, [om the fourth to the
second joint, mclusive, 1t was one-cighth el nariow, and at the
joint 1mmediately adjacent to the broken 1a1] the gauge was one-
sigteenth inch natiow  The elevalion oi the outside 1a1l on the cuve
varled fiom 81 to 33 mches
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Section Foreman Garielt passed over the track af the pomt of
accident. on his motor car in the alleinoon of the day prior io the
aceident, and on foot with a level bomid on December 19, but noticed
nothing unusual on either occasion Ile airived at the scene of ac-
cident shortly after is occurtence and on examining the track found
no matks on the ties noith of the pomnt where the 1a1l biocke He
was of the opmion the accident was caused by a hroken rail

Tiack Waller Flynn walked over thrs section of the tiack in the
moimng and also 1n the afteinoon of the day prior to the accrdent
but, observed nothing unusual at the pomt of accident on erther trip

Southbound passengel tram No 3 passed this peint less than one
hour prior to the occurrence of the accident, and at that time the
membels of the ciew 1n chaige noticed nothing unusual, while ex-
amination of the equipment of that tiain, as well as of (ramn No 91,
made subsequent to the accident, farled to disclose any defect that
could have contributed to the accident

Tlis acerdent was caused by a bioken 1211  An mmvestigation 1nto
the reason for the failme of thrs 1011 was conducted by Mr James I
Howad, engineer-phy sieist, whose 1eport immedhately follows

LRLPORL O 'LIIL 1 NGINTER-PITYSICISI

The detarlment of train No 91, al Kennesaw, Ga, on December
22, 1923, was due to a broken rail, the high 1ail of a curve The
weight of the rail wag 90 pounds per yard, section A R E A-A,
mgot Ietter C, heal number 47962, 1o0lled hy the Tenmnessec Coal,
Lion and Railread Company, in 1920

The 1a1l fractwmed at o distance of 114 nches trom the leaving
end, 1 close proximity to the splice bars The long end was over-
turned outwardly, the flanges ot the wheels tiaveling upon the web
at the fillet under the head Thete were no battering eflects from
the wheels on the fractured surface ot the short fiagment

The fiacture was one of tension having its onigm at the lower
cornel ol the head on the gauge side of the 1a1l  This carcumstance
mdicated that a centiifugal force, o1 outward nosing of the engine
was the mmmediate cause of the fracture, and since the derailed
wheels passed through the opening m the track without stiiking the
facing end of the short fiagment that the {12 was nol running at
a hugh 1ate ol speed

The fractmed surfaces showed no defect m the steel, nor was 1t
a fracture of a progressive type Rupture began at the lower
coiner of the flange-woin side of the head where the meial had
been embiittled by the action of the flanges of the wheels
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The longer firagment of the 1a1l was sent to the shops of the
N, C & St L Ry, at Nashville, Tenn, wheie bending tests werc
made upon 1t The 1211 was placed upon supports 36 mches apart
and loaded at the middle, in thriee positions  TFirst, sidewise, with
the outside of the head 1n tension  In this position 1t showed ample
toughtness of the metal, taking a deflection set of 4 inches on a
chord of 36 1mches, without fracluie

The second test wag made also in sidewise direction but with the
gauge side of the head mm tension  In thug position the rail frac-
tured 1n a biittle manner without the display of measurable ductility
The origmn of 1upture was at the lower corner of the head, gauge
side It was i the same part of the rail asg the omginal fiactuie
made at the time of the deranilment

The thiid test was made with the running suiface of the head on
the tension side DBmtlleness was displayed i this fiactme The
origin was at the lower coiner of the head, gauge side, as hefme A
portion of the fractured surface located neat the runming sw face
ot the head, having a depth about one-sixleenth ot an neh, showed an
oblique sheating fracture  This 13 a common feature n the fractme
of 1a1ls which have been 1n the t1ack and eaposed to the cold 10lling
cffects of wheel pressmies Taly :llustiations of this kind a1e matters
of 1ecord

A fourth test was undertaken with the rail m upright position
applying the load on the top of the head, the base being 1n tension
Injuty occutied to the bending press and thus test was discontimued
without 1upluie of the 121l

Chemical analyses of the steel, m two places, at the coiner of the
head and at the junction of ithe head and web, gave the following
results

L8 Mn r 8 1
Cowner of head__ _____ ___________. e ~ 06 T4 024 043 135
Junetion of web_ o ___ 65 T3 028 059 135

Macroscopie and muieloscople examination was made of the 11l
on a section taken from the leaving end, from the yjmmediate vicmty
ot the fiactwied smface Figme 1 shows the appeaiance of the
fractmed surtace al the leaving end The meipient point of 1upture
was at the lowei corner of the head on the gauge side, at the place
marked by a star on the cat  From this 1mitial point the plane of
1uptie extended across the head, thence downwaid throngh the weh
and the bage, ending at the edges of the flanges An obhque ghearing
fractuie, as previously mentioned, was displayed by the metal adya-
cent to the runming smface, 1epresenting the cold rolling effects ot
the wheel pressures
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The fractuted surtace of the leaving end was battorted m o few
places, all of which weie secondaiv effects The flanges of the wheels
bruised the metal at the fillet ynde1r the head after the 1a1l was over-
turned The 1achant, tan hke, appearance ot the fractued surface
mdrcated 1ts pont of origin In the tractme of steel the plane of
raptute has ifs oi1rgin and extends from the center of 1adiation
ITus smaple and 1eliable method of judging of the mcipient point
of 1uptme should be tamrliar o all TIts observance would obviate
many erloneolls conjectures conceining the cause of rail failures
In the piesent instance the cause of fiactuie had erroneously been
attutbuted to flaws and defects 1n the steel where none existed, m
thiee different places none of which had a relation to the mapient
point of 1upture

TFigme 2 1epresents a sulphur print of the c1oss section of the 1ai1l,
neal the fractuled end The umformity of the metal 15 almost phe-
nomenal No adveise critiism attaches to the rail iespecting its
composition or sttucinre

Flange wemr was shown madent to 1ts position as a lugh rail on a
cmye but not of ununsual amount  All parts ot the periphery of the
head, exposed to contact with the treads and flanges of wheoels are
modified 10 stinetule, sttength, and ductility  Difterent effects, how-
evel, ale experrenced at different paits of the running smface At
the outer part of the head the metal 13 crowded outward, lateially
Mechan metal 1s Hattened Lateral flow occurs on the gauge side
liolf of the head, ariested somewhat by the fillets of the wheels The
flanges of the wheels cause flow and shearmng of the metal down the
gauge side

A protound distmrbance of the metal 1 the top of the head of the
1aul 1esults from the actron of ihe wheels Tt 15 1mportant that this
tact be recognised, sinee 1t constitutes the ciux of the 1a1! problem
The manner of farlure of 1a1ls leads to this conclusion

Photomieiograph, Figme 3, shows the distoited shape of the grain
of the metal at the lower coiner of the head, gauge side, at the place
mdicated by the star on Figmue 1T The ouiginal toughness of the
otcel was destroyed by the action ot the flanges of the wheels The
brittleness displayed by the 1ail at the time of derailment, as well
as the subsequent tests, testify to this featuve

Photomicrogiaph, Figuie 4, repiesents the metal on the gauge side
of the head, at mid-depth The metal 1n this vicinity was sheared
oft by the wheel flanges, with shght disturbance below the abraded
strface

Photomrciograph, Figuie 5, shows the flattened stiuctute and
downward flow of the metal at the upper cotner of the head, gauge
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cde  The noitmal stinctuue ot the metal, m unaffected paits of the
w1 oss sectron, 15 shonn by Figme 6 Each ot these photomiciograplhs
Lepresent transveise sectlons at a magmfication of 100 diameters

Simee the o11g1n of 1uptuie was on the gange side of the head 1t
signifies that that pait of the 1a1] was exposed to a stran of tension
at the time of 1uptuwre  The gauge side of the head 15 not ordinauiy
put into a high state ol tenston  Under vertical loads 1t 15 m com-
pression  The presence of a hotizontal foice 15 needed to account
for such a1uptute as witnessed on this oceasion  The nosimg of en-
gimes canses stras of this kind and furnishes the most plausible ea-
planation ot the 11acture, the section of the 1ail 1w front of the engine
bemng ilie pairt put mto a state of tenston

On tangent fiack niegulaiibies m ahgnment have been 1esponsible
for fractines of thus kind  The embrittled state of the suiface metal
and the 1elatively small section modulus of the 1ail 1n lateral direc-
tion, each facihitate 1uptuie m a sidewise direction  Excess speed
was not a 1actor m this case

The behavior ol the deraied engine on this 1un was satisfaclony
It had traveised a considerable pait of the cuive without any un-
toward ciienmstance when the deiraiiment took place By the proc-
ess of chimunation 1esponsibilily tor the fractuie of the 1a1l appeais
Lo attach fo frack condrtions 1 that paiticular Jocality wlich would
lead to severe nosing ol the engine It satisfies all that 15 known
ahout the detailment to assume that an upusual ontwaid thiust was
eaerted upon the 1a1l by the engine as the leaving end was bemg
approached Iateral 1conioicement was grven the 1a1l by the splice
bais at 1ts leaving end

Considering the pait of the 1a1l embiaced by the splice bais as a
fiaed end and the 1cceiving end of the 1211 as {he Tong a1m of a lever,
then the application of a sufficient ontwaid thiust on the long aim
would 1uptwie the rail It 15 believed the present 1a1l was 1uptured
n substantially the manner just described

The behavior of another 1a1l will be desciibed, wluch also 1uptured
by 1cason of a state of hairdness and Iniltleness acquned fiom the
action of the wheels, wheel bminming, in fact, appearing ag the chief
tactol

Figume 7 tllustiates the tractuied suface of this 1a1l,'a 1aul of 100
pounds weight per yard, which displayed head checks 1 seivice
Head checks weie numerous on the iail—embiyonie, and those of
advanced stage of development They appeared on the rumning
sui face, gauge side ol the head The head checle here 1lustiated
was one mch long by Live-sixteenths mch deep
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A scites of photomicrographs shows the appeaiance of the metal
next the 1unning suiface of the head These photomicrographs, all
of 100 diameters magnification, show the haidening of the metal at
the immediate surtace, with flattening ot the grams of the steel m
adjacent paits of the cross section and noimal structure below the
affected metal

Photomicroglaph, Figure 8, shows the appealance of the metal at
the runnmng surface near the outside coinelr of the head Theie was
a hardened layer of suiface metal with flattened grains next below,
showing an outward flow of the metal, that 1s, toward the outside
edge of the head

Figme 9 shows moie of the metal with flattened girains, located
next below the zone illusiiated by Figme 8 The dip of the flat-
tened grains lowaird the outside edge of the head 1s conspicuously
shown The noimal stinetme of the steel 13 shown by Figuie 10

A reariangement of the structuial state of the metal 15 accom-
plished by anncalimg  Figuwie 11 shows the modified stiucture after
annealing at 1,475° F , its appearance befole annealing being shown
by Figuotre 9

Along a median zone the stiuctural condition of the metal 15 less
changed by the wheel pressuies  Figute 12 shows the metal at the
1unning stiiace al the yddle of the widith of the head Theie was
shght haidening of the melal at the sumiface with a shallow zone of
flattened gams Figuies 8 to 12, mclusive, 1epresent tiansvease
sections

Figure 13 shows a longitudinal seclion of the head at the running
surface near the uppet cornei, gauge side Figure 14, also a longi-
tudinal section, repiresents the metal next below Figme 18 Haidened
and cracked surface metal 15 shown by these two cuts, with outhnes
of gram stincture refamed within the haidened zone and with a
sharp line of demaication between hardened metal and that of
noimal sttucture

Figures 15 and 16 a1e tiansveirse sections and 1epiesent the metal
at the running smface near the upper corner of the head, gauge
side  They further illustrate the appearance of the hardened sm-
Tace metal, converted from metal of noimal structure

Lach of these two rails show the destructive cffects of wheel ples-
sures In the first rail there was exhaustion of toughness unaccom-
panied by thermal eftects In the second 1a1l conditions of service
mvolving thermal effects caused hardeming of the metal FEach
showed affected zones of metal of distorted gramn structure Track
conditions were responsible for these stiuctural changes Tt will
be recognized that manufactuiing conditions were not 1esponsible
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to1 the fractmes ot these 1a1ls  Ifiactiies of these types oceur n
steel rails of good quality Immumty fiom these effects of tiack
conditions 1s not attamed thiough choice of grade of steel employed

In conclusion, the present derailment was caused by the fracture
of a 1a1l, the high rail of a cuve The origm of fiacture was at
the lowel coiner of the head, on the gange side At that place the
metal was embiittled, the result of flange action of the wheels
The 12411 showed mode ate flange wear, common to hagh 1a1ls

It was a tension fiacture, and since 1t occurred on the gauge side
of the head 1t 1epresented an oulward thrnst on the 1ail ai one
part ot its length while another pait was fiimly held  Oceuiling
as 1t did abieast th: ends of the splice bais, 1t 15 inferied that an
outwaid thiust occutied at a shoit distance f1om the sphice bas

The engine was derailed and appaiently passed thiough the open-
mg 1m the tiack made by the bioken rail, and without mymy to
the facing end of the shoit fragment of the 1aal  Judging fiom the
known cizcumstanees, it 15 believed that the outward thiust which
caused Lhe fiactuie came from the engine That nosing of the
engine lnoke the 1a1l  Fwitheamoie, since the engine had traversed
a pottion of the curve, that 1esponsibility for 1ts nosing at that
particular place was due to a local condition ot the track Speed
was suiely not a factor 1n the case

Ewmbuittlement of the m tal of the 1a1l 1esulted fiom the action
of the flanges of the wheels The comnposition of the steel and s
stinetmial state, where not aflecled by setvice conditions, was good

Fractuie occtnired, 1t 1s believed, a hittle in fiont of the engime
due to 1ts nosing and that t1ack conditions were mainly 1esponsible
to1 the nosing

The examiation of ancther 1al 15 meluded m tls yeport, n
wlich wheel buining led to the development of liead checlks

STUMMARY

The wmrvestigation of this accident showed that o bioken 1al, the
high 1a1l of the eurve, was 1esponsible for the derailment The cir-
cnmstances of the case also showed that high speed was not a factor
An outwaird foice of some kind was apphed of sufficient degrece to
bieak the 1a1l

Two prinapal featuies are bronght out 1n the mvestigation made
by the engineer-physicist, namely, a state of brittleness 1n the 1aal
on the gauge siude of the head, altiibuted to the flange action of the
wheels,whereby there was loss 1n stiength and ductility in the steel
Fuitheimore, that while nosing of the engine was the proxumate
cause of ruptute that local tiack conditions weie 1esponsible for the
excessive Nosing 1equired to effect 1upture
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The metal of the rail was of good quality where not affected by
wheel pressuies The cause of fractute ariived at appears consistent
with the lmown ciicumstances of the deralment, and appears the
only tenable one which has been advanced

No unsatistactory behavior of the engine was noticed on this 1un
which would account toi unusual nosmng  Wlhale the metal of the
1a1l was embriitled, neverlheless a seveie Iateaal thinst was needed
to effect 1ts ruptme The condition of the engine and speed as
factors bemng elumnated, local track conditions alone 1emain as the
1esponsible cause for i{he derailment

Respectfully,
W P Boxzrano,
Dyrector, Bureau of Satety
88608—24——2
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IT'te 1 —Inaetwed smface of leaving end of leng lMagment of 1aml  Ongmm of
fracinie at lower eorner of the head guuge side at polntl mdicated by a stu
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Trig 2 — Replesents a sulphut punl of 1211, nea1l fractuied end
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bic 3- Plwdomicimgiaph of metal of 1ol at lowel ecoiner of the
head on same element as oilgin of Hiactme Showing flattening of
the gramms of the steel and fow of the metal Tiansveise secbion,
maogutheation 100 diamweters
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I11¢ 4 -—Photomicrogioph of metal, gauge side ot head middepth
Aetal yo ths vieimty sheared off withent distortion of metal below
the sheaed simface CLiansverse section  Magmbeation 100 diam
eters
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P1c 5 ——Chotomiciograph of metal upper coiner of hewd pouge side
Elattening of the grams and fow of meial at cotnel acted upon by
the fiange ot the wheels Tansyelse sechion Aligmficatien 100
ramefe s
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it 6 —Photomcioiaph show iy notmal stiuctute of 1aul wlhere not
affected by wheel picssuies Tiansverse section  Magnlfeatbion
100 diameters
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T'ic 7 —Ilead ehecked 1211 1mogiessive fraclmie on gauge side of head, shown
by dukened a1er  Clecked smface | nch long by five sivteenths inch deep
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Fig 8- IHead cheched rail  Photomicrograph at junmng sulface nem
outslde coineyr of the head Haidened surface with flattened grans
gelow, flon of metal trending foward outside edge of liead  [ians
verse section Magnmifieation 100 diameters
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IFic 9 —ITead checked 1ail Photomiciogiaph of metil next below
thut shown by IMgure 8 Showing flattemng of the 1 uns and d1
tectipn of flow outwaid  Transveise sectlun Magnification 100
dinmeler s
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Mg 10 —Head cheel ed 111 Photomiciopgiaph showing normal strue
tme of the sleel nhiere not alfected by wherl pressules  Tiansvelse
section Magmfication 100 divmeters
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B¢ 11 —Head checked 111l Photomierograph showing modified stiue
tare after anneallng at 1,475° T' Appemiance before anncaling,
shown by Figme 9 Tiansveise sectron  Magnificatlon 100 diame
ters
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Fie 12 —Head ehecked 1a1l Photomigtogiaph showing appearance
of metal nenr mddie of width of Dead at runiang suitace  Shght
hudening at saiface wud shallow 7zane of wmetul ot Oaltened praihs
Mpngverge section Magmfoation 100 diamefels
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Tig 13 —Ilead checked 1ai1l  Phetomicioglaph at wunmng suiface,
near upper cernel, pauge side of the head Haidened ond ciacked
smfice metnl lhardened metal next below with outhmes of gialn
stiuelme  Longitudmmil seclion  Magmification 100 dismeters
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e 14 —TIliad checked yail  Thotomiciogiaph hewr tunning suifice
mmmediately below Figuie 13 Himdened rone with metal of noimal
#tinctme below  Bhaitp Jine of demmkation of haidened metal
Longitudinal section Aagpification 100 diameters
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I 15 —Head checked 121l Phatomiciogiaplh at 1unmng smface
nell upper coinel gouge side of the hend Haidened smf ice metal
Tiaces of graimn structure within haadened zone  Tiansvelse section
Magmfication 100 diameteis
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F1g 16 —Head checked 1211 Photomictagiaph noar running suifice
mmmediately helow Figuice 15 Hardentd zone merging imlo melal of
noimal gram stiactwme  "Llamnsyerse section  Magnification 100
digmeters
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