
I N T E R S T A T E C O M M E R C E C O M M I S S I O N 

KEPORT OF THE DIRECTOR OF THE BUREAU OF SAFETY I N RE 
INVESTIGATION OF A N ACCIDENT W H I C H OCCURRED ON THE 
NASHVILLE, CHATTANOOGA AND ST LOUIS R A I L W A Y AT KEN 
NESAW, G A , ON DECEMBER 22, 1923 

February 27, 1924 
T o T H E C O M M I S S I O N 

On Decembei 22, 1923, theie was a deiailment of a passengei t i am 
on the Nashville, Chattanooga & St Louis Ra i lway at Kennesaw, 
Ga , resulting m the death of one employee, and the mju iy of one 
passengei and tw o employees 

L O C A T I O N A N D M E T H O D O F O P E E A T I O N 

This accident occmied on that pai t of the At lanta Division ex­
tending between Junta and Atlanta, Ga , a distance of 47 66 miles, 
hams of the Louisvi l le & Nashvil le Ea i l ioad also use this portion of 
the track I n the vicinity of the point of accident this is a single-
tiack line ovei which trains aie operated by time-table, train ordeis, 
and a manual block-signal system T h e accident occuned ]ust south 
of the station at Kennesaw A p p i o a c h m g this point from the north 
theie is a shoit tangent, followed by a compound curve to the left 
1,576 feet in length, with a cuivature varying f i o m 4° 09' to 5° 08', 
the accident occurung on this curve at a point 1,190 feet f i o m its 
noithein end, wheie the cuivature is at its maximum T h e giade 
l o i southbound trains is ascending foi about 6 miles, being 0 9 pei 
cent at its maximum, to within 340 feet o± the point of accident, 
f i o m which point it is 0 28 per cent descending for a considerable 
distance beyond the point ot accident T h e track in this vicinity 
is laid with 90-pound lails, 33 feet in length, with an aveiage of 18 
oak ties to the rail length, and ballasted with cinders, tie plates are 
used on cuives The weather was cloudy at the tune of the accident, 
which occuned at about 7 05 a m 
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DESCKirriOX 

Southbound passenger tram N o 91 consisted of one baggage car, 
two Pullman, sleeping cais, one dining car and two Pul lman sleep­
ing cais, in the 01 dei named, hauled by engine 550, and was m 
charge of Conductoi Hi l l ey and Engmeman Brown T h e cars were 
of all-steel constiuction with the exception of the fourth cat, which 
had a steel underfiame This t i a m left Junta, 19 44 miles from 
ICennesaw, at 6 38 a m > eight minutes late, passed Kennesaw at 7 05 
a m , twOi minutes late, and on reaching a point about 650 feet 
south of the station was derailed by a broken la i l whi le t iavohng at 
a speed estimated to have been between 35 and 40 miles an hour 

Engine 550, its tender, the fiist three cais, and the f o i w a i d truck 
of the fourth ear w e i e derailed to the right, the engine coming to 
rest on its l i gh t side on an ad]acent passing track, with its head 
end 306 feet f i o m the initial point of derailment, the cars re­
mained upnght T h e employee killed was the engmeman 

S U M M A R Y O F EVIDENCE 

T h e hist knowledge membeis of the crew had of anything w i o n g 
was when the accident occuried Fneman Y o u n g stated he noticed 
nothing wrong wi th the r idmg qualities of the engine en route, and 
estimated the speed to have been 40 miles an hour at the time of the 
accident, also that the engineman applied the an biakes m emer­
gency ]ust aftei the engine became deiailcd Conductoi H i l l e y 
estimated the speed to have been about 35 miles an houi at the time 
of the dei ailment, immediately aftei the accident he found a broken 
l a i l m the track, neax the dmmg car 

T h e l a i l which bioke was on the west side of the tiack, this 
being the high rail of the curve, the bieak occunmg at a point 1 1 | 
inches f rom the leaving end, at the end of a splice bai T h e first 
6 feet of the lece ivmg end of this rail lemamcd intact, but fiom. 
this point to wheie the bieak occurred the l a i l was turned over 
T h e i e were no marks on the north end o i the leaving poi t ion ot the 
rail, located immediately south of wheie the break occuued, to 
indicate that any wheels passed over it 

Inspection of the tiack staitmg at the twenty-second la i l joint 
noith of the joint wheie the la i l bioke, the joints being staggeied, 
showed the gauge to be standaid oi slightly wide, down to and in­
cluding the fifth jomt i i o m the bioken l a i l , i i o m the fouith to the 
second joint, inclusive, it was one-eighth inch nanow , and at the 
joint immediately adjacent to the bioken l a i l the gauge was one-
sixteenth inch n a n o w The elevation o i the outside ta i l on ihe cuive 
vancd f i o m 3^ to 3^ inches 
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Section Koieman Gane t t passed ovei the t i i c k at the point of 
accident on his motor car in the alteinoon of the day prior to the 
accident, and on foot with a level boaid on December 19, but noticed 
nothing unusual on eithei occasion H e a m v e d at the scene of ac­
cident shoitry aftei its occunence and on examining the track found 
no maiks on the ties noith of the point wheie the l a i l bioke H e 
was of the opinion the accident was caused by a bioken rail 

T iack Walke r F lynn walked ovei this section of the tiack in the 
morning and also m the afternoon of the day p n o i to the accident 
but observed nothing unusual at the point of accident on either trip 

Southbound passengei train N o 3 passed this point less than one 
hour pno i to the occurience of the accident, and at that time the 
membeis of the ciew in chaige noticed nothing unusual, while ex­
amination of the equipment of that t iam, as well as of t i am N o 91, 
made subsequent to the accident, failed to disclose any defect that 
could have contributed to the accident 

This accident was caused by a bioken la i l A n investigation into 
the reason for the faikue of this l a i l was conducted by M r James E 
H o w a i d , engineer-physicist, whose l epo i t immediately follows 

MLPOEJL Or H I E 1 NGINFEK-r i lYSICISl 

The deiailment of t ram N o 91, at Kennesaw, Ga , on Decembei 
22, 1923, was due to a bioken i ail, the high la i l of a curve The 
weight of the la i l was 90 pounds pei ya id , section A R E A , - A , 
ingot lettei C, heat numbei 479G2, lol led by the Tennessee Coal, 
l i o n and Railroad Company, in 1920 

The la i l f iactuied at a distance of 11£ inches f i o m the leaving 
end, m close proximity to the splice bars The long end was over­
turned outwaidly, the flanges of the wheels t iavelmg upon the web 
at the fillet undei the head The ie weie no battering effects f iom 
the wheels on the fractured surface ot the shoit f iagment 

The fiacture was one of tension having its o i ig in at the- lower 
comei o i the head on the gauge side of the la i l This circumstance-
indicated that a centrifugal foice, oi outward nosing of the engine-
was the immediate cause o f the fractuie, and since the derailed 
wheels passed through the opening m the tiack without striking the 
facing end of the short f iagment that the t i am was not running at 
a high late o l speed 

The fractuied surfaces showed no defect in the steel, nor was it 
a fracture of a piogiessive type Rupture began at the lower 
comei of the flange-worn side of the head wheie the metal had 
been emhiittled by the action of the flanges of the wheels 



4 I N T M t S T A r E COAIMJ'Rt'k C O M M I S S I O N 

The longei f iagment of the la i l was sent to the shops of the 
N , C & St L R y , at Nashville, Tenn , wheie bending tests were 
made upon it The la i l was placed upon suppoits 3b inches apart 
and loaded at tlie middle, in three positions First, sidewise, with 
the outside of the head in tension In this position it showed ample 
toughtness of the metal, taking a deflection set of 4 inches on a 
choid of 36 inches, without fracliue 

T l ie second test was made also in sidewise direction but with the 
gauge side of the head in tension I n this position the la i l frac-
tuied m a buttle niannei without the displav of ineasuiable ductility 
The o n g m of mpture was at the lowei cornci of the head, gauge 
side I t was in the, same part of the rail as the original f iactuie 
made at the time of the dei ailment 

T h e thud test was made with the lunmng suiface of the head on 
the tension side Brittleness was displayed m this f iactuie The 
origin was at the lowei comei of the head, gauge side, as befoie A 
portion of the fractmed suiface located next the running suiface 
ot the head, having a depth about one-sixteenth ot an inch, showed an 
oblique sheanng fiactuie This is a common feature m the fractuie 
of lails which have been in tlie tiack and exposed to the cold lol l ing 
effects of wheel piessuies E a i l y illustiations of this kind aie matteis 
of lecoid 

A fouith test was undeitaken with the la i l m upnght position 
applying the load on the top of the head, the base being m tension 
rnjui} occuiiecl to tlie bending picss and this test v* as discontinued 
without I up line of the la i l 

Chemical analyses of the steel, in two places, at the coinei of the 
head and at the junction of the head and web, gave the fol lowing 
i esults 

C Mn r S Si 
C o i n e r of heacL_ - 66 74 024 04S 135 
Junction of w l i 68 71 OJS 053 135 

Macroscopic and micioscopic examination was made of the la i l 
on a section taken f i o m the leaving end, f i o m the immediate vicimt> 
ot the fiactiued suiface F i g m e 1 shows the appealance of the 
fractmed surface at the leaving end The incipient point of lupturc 
was at the lowei coiner of the head on the gauge side, at the place 
marked by a stai on the cut From this initial point the plane of 
luptuie extended across tlie head, thence downwaid through the web 
and the base, ending at the edges of the flanges A n oblique sheanng 
fiactuie, as pieviously mentioned, was displayed by the metal adia-
cent to the running suiface, lepiesentmg the cold lol l ing effects of 
the wheel pressmes 
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The i i ac tmed siutace of the leaving end was batteied m a few 
places, all of winch weie sccondaiv effects The flanges of the wheels 
bunsed the metal at the fillet imdei the head aftei the la i l was ovei-
turned The ladiant, fan like, appealance of the fractuied surface 
indicated its point of o n g m I n the t i ac tme of steel the plane of 
l i ip tme has its ougni and extends from the ccntei of ladiation 
Jhis simple and lehable method of judging of the incipient point 
of l i ip tme should be familial to all I ts observance would obviate 
many eiioneous conjeetmes concerning the cause of rail failures 
In the piesent instance the cause of f iactuie had erroneously been 
attubuted to flaws and defects in the steel wheie none existed, m 
thiee diffeient places none of ii lnch had a lelation to the incipient 
point of lupture 

F i g u i e 2 lepiesents a siuph.ni punt of the cioss section of the iai l , 
neai the fiactuiecl end The umfoimity of the metal is almost phe­
nomenal N o adveise criticism attaches to the rail lespectmg its 
composition 0 1 stiuctme 

Flange weai was shown incident to its position as a high rail on a 
c i ine but not of unusual amount A l l paits of the penphe iy of the 
head, exposed to contact with the heads and flanges of wheels are 
modified m stiuctme, stiength, and ductility Difteient effects, how­
evei, aie expenenced at diffeient paits of the running suiface A t 
the outei part of the head the metal is cioAvded outward, lateially 
Aledian metal is flattened Lateral flow occuis on the gauge side 
k ' l f of the head, anested somen hat by the fillets of the wheels The 
flanges of the wheels cause flow and shearing of the metal down the 
gauge side 

A piofound clistui bance of the metal m the top of the head of the 
lai l lesults f i o m the action of the wheels I t is impoitant that this 
fact be recogni/ed, since it constitutes the ciux of the 1 ail problem 
The mannei of faihuo of lails leads to this conclusion 

Photomiciogiaph, F i g u i e 3, shows the distoitecl shape of the grain 
of the metal at the low ei comei of the head, gauge side, at the place 
indicated by the stai on F i g u i e 1 The o i igmal toughness of the 
steel nas destioyed by the action of the flanges of the wheels T h e 
bnttleness displaced by the la i l at the time of deiailment, as well 
as the subsequent tests, testify to this featme 

Photomiciogiaph, F i g u i e 4, lepiesents the metal on the gauge side 
of the head, at mid-depth The metal in this vicinity was sheared 
off by the wheel flanges, with slight disturbance below the abraded 
sm face 

Photomiciogiaph, F i g u i e 5, shows the flattened stiuctuie and 
clounv. aid flo^\ of the metal at the uppei coinei of the head, gauge 

http://siuph.ni
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'-ide The noini.il stiuctiuc ot the metal, in unaffected paits ot the 
c ioss section, is shown by F i g u i e 6 Each o± these photomiciogiaphs 
lepresent tiansveise sections at a magnification ot 100 diameteis 

Since the oi igni ot I up tine was on the gauge side of the head it 
signifies that that pai t of the ia i l was exposed to a ^tiain of tension 
at the time of niptuie The gauge side of the head is not o id ina i ih 
put into a high state o i tension Undei veit ical lo ids it is m com­
pression T h e piesence of a hon/ontal foice is needed to account 
fo i such a niptuie as witnessed on this occasion T h e nosing of en­
gines causes stiains of this kind and furnisher the most plausible ex­
planation of the i iact iue, the section of the ia i l m fi out of the engine 
being the pai t put into a state of tension 

On tangent tiack niegulai i t ies m alignment hai e been lesponsible 
foi l iactuies of this kind The enibnttled state of the suiface metal 
and the le la tnoly small section modulus of the ia i l in lateial dne ( -
tion, each facilitate niptuie m a sidewise dnection Excess speed 
was not a iactoi m this case 

T h e behavioi o i the dei ailed engine on this inn was satisfactoi\ 
I t had t iaveised a consideiable pai t of the cuive without an} un-
towaid enenmstance when the deiaihiient took place B y the p io t -
ess of elimination lesponsibilily foi the fiactuie of the ia i l appeals 
to attach to tiack conditions m that paiticulai locahtj' which would 
lead to so^ ei e nosing o i the engine I t satisfies all that is know n 
about the deiailment to assume that an unusual outwaid thiust was 
exeited upon the iai l b^ the engine as the leaving end w7as being 
approached La te ia l leenioicement was given the ia i l by the splice 
bais at its leaving end 

Consideimg the pai t of the ia i l embiaced by the splice bais as a 
hxed end and the leceivmg end of the ia i l as the long a im of a levei , 
then the application of a sufficient outwaid thiust on the long aim 
would niptuie the rail I t is believed the piesent i a i l was luptuied 
m substantially the niannei ]ust desenbed 

The behavioi of anothei i a i l wi l l be desenbed, which also niptured 
b} icasoii of a state of haidness and bnttleness acquned f i o m the 
action of the wheels, wheel burning, m fact, appealing as the chief 
factoi 

F i g u i e 7 lllustiates the f iact iued suiface o f this iail , 'a i a i l of 100 
pounds weight pei A aid, which displaced head checks m seivice 
Head checks weie numeious on the iail—eiubijonic, and those of 
advanced stage of development They appealed on the l mining 
suiface, gauge side o l the head The head check heie lllustiatcd 
w a s one inch long by f ive-Mxteent l is inch deep 

http://noini.il
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A scues of pb.otomiciogi.iphs shows the appeaiance of the metal 
next the l i innmg suiface of the head These photomicrographs, all 
of 100 diameteis magnification, show the haidemng of the metal at 
the immediate surface, with flattening ot the grains of the steel m 
adjacent paits of the cioss section and noimal structuxe below the 
affected metal 

Photomiciogiaph, F i g u i e 8, shows the appeaiance of the metal at 
the tunning suiface near the outside coinei of the head T h e i e was 
a haidened layei of suiface metal with flattened grains next below, 
showing an outwaid flow of the metal , that is, towaid the outside 
edge of the head 

F i g u i e 9 shows moie of the metal with flattened giams, located 
next below the zone lllustiated by F i g u i e 8 T h e dip of the flat­
tened grains towaid the outside edge of the head is conspicuously 
shown The noimal stiuctme of the steel is shown by F i g u i e 10 

A reariangement of the structuial state of the metal is accom­
plished by annealing F i g u i e 11 shows the modified stiucture aftei 
annealing at 1,475° F , its appeaiance befoie annealing being shown 
by F i g u i e 9 

Along a median zone the stiuctural condition of the metal is less 
changed by the wheel piessuics F i g u i e IS shows the metal at the 
lunmng suiface at the middle of the width of the head T h e i e was 
slight haidenmg of the metal at the suiface with a shallow zone of 
flattened giams Figuies 8 to 12, inclusive, lepiesent tiansveise 
sections 

F i g u i e 13 shows a longitudinal section of the head at the running 
surface neai the uppei comei , gauge side F igure 14, also a longi­
tudinal section, lepiesents the metal next below F i g u i e 13 Haidened 
and cracked suiface metal is shown bj these two cuts, with outlines 
of gram stiucture letamcd within the haidened zone and with a 
sharp line of demaication between hardened metal and that of 
noimal stiucture 

Figures 15 and 16 aie tiansveise sections and lepiesent the metal 
at the running suiface near the uppei comer of the head, gauge 
side They fmthei illustrate the appeaiance of the hardened sui­
face metal, converted f i o m metal of noimal structure 

Each of these two rails show the destructive effects of wheel pies-
sures I n the first rail there was exhaustion of toughness unaccom­
panied by thermal effects I n the second ia i l conditions of service 
involving thermal effects caused hardening of the metal Each 
showed affected zones of metal of distorted g ram structure Track 
conditions were responsible for these stiuctural changes I t wi l l 
be recognized that mannfactuimg conditions were not lesponsible 

http://pb.otomiciogi.iphs
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io i the fiactuies ot these lails F iac tmes of these types occur in 
steel rails of good quality Immunity f iom these effects of tiack 
conditions is not attained thiough choice of giade of steel employed 

I n conclusion, the piesent dciailment was caused by the fracture 
of a ia i l , the high rail of a cuive T h e o i i g m of fiacture was at 
the lowei coinei of the head, on the gauge side A t that place the 
metal was embuttled, the result of flange action of the wheels 
The ia i l showed modeiate flange weai , common to high lails 

I t was a tension fiactuie, and since it occuired on the gauge side 
of the head it lepiesented an outwaid thiust on the ia i l at one 
pai t of its length while anothei pai t was i i imly held O c c u n m g 
as it did abieast th> ends of the splice bais, it is i n fened that an 
outwaid thiust occuncd at a shoit distance f i o m the splice bais 

The engine was dei ailed and appaiently passed thiough the open­
ing m the tiack made by the bioken ia i l , and without i n ] m y to 
the facing end of tlie shoit f iagment of the ia i l Judging f i o m the 
known ciicumstanccs, it is believed that the outwaid thiust which 
caused the fiactuie came f i o m the engine That nosing of the 
engine bioke the ia i l F in the imoic , since the engine had t iaveised 
a poition of the curve, that lesponsibility fo i its nosing at that 
paiticulai place was due to a local condition of the tiack Speed 
was siuely not a factoi in the case 

Kmbi 1 Ltlement of the m tal of the ia i l lesulted f i o m the action 
of the flanges of the wheels The composition of the steel and its 
stiuctuial state, where not affected by seivice conditions, was good 

F iac tu ie occuired, it is believed, a little m f iont of the engine 
due to its nosmg and that tiack conditions we ie mainly lesponsible 
fo i the nosing 

The examination of anothei i a i l is included in this lepoi t , m 
which wheel binning led to the development of head checks 

S U M M A R Y 

The investigation of this accident showed that a bioken iai l , the 
high ia i l of the cmvc, was lesponsible fo i the dei ailment T h e cir­
cumstances of the case also showed that high speed was not a factor 
A n outwaid foice of some kind was applied of sufficient degiee to 
bieak the ia i l 

T w o pnncipal featmes aie brought out m the investigation made 
bj the engineer-physicist, namely, a state of bnttleness m the ia i l 
on the gauge side of the head, attnbutecl to the flange action of the 
wheels,wheieby there was loss in stiength and ductility in the steel 
Fui theimore, that while nosing of tlie engine was the pioximate 
cause of niptuie that local t iack conditions weie responsible foi the 
excessive nosing icquired to effect niptuie 
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The metal of the rail « a s of good quality wheie not affected by 
wheel pressuies The cause of fractuie ar i ived at appeais consistent 
with the knoAMi eiicumstances of the deiailment, and appeals the 
only tenable one which has been advanced 

N o unsatisfactoiy behanoi of the engine ^ as noticed on this 11m 
winch would account toi unusual nosmg W l n l e the metal of the 
ia i l was cmbntLled, neveitheless a seveie lateial thiust was needed 
to effect its l i ip tme The conditiou of the engine and speed as 
factois being eliminated, local track conditions alone lemam as the 
lesponsible cause foi the deiailment 

Respectfully, 
W P B O K I A N D , 

Director, Bureau of Safety 
88608—24 2 
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I 11 1 —luaetiueii suiface ot leftMiifc, end of lone, fragment of mil Oi igm cf 
f ia t tn ie lit lonci COIOPI of the head gfingc side i t point indicated hj 11 s tu 



Via 2 — Itepiesents a sulphui pi m l of 1 i l l , ncai fractuied end 
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if 3 - r imtomiri cgiaph of metal of ia i l at lcmei comei of the 
head on same element as on t i n of f iactuio Showing flattening of 
the plains of the steel and flow of the metal l i ansTe i se section, 
ma ,̂ mil cation 100 diameteis 
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u 4—Pliotomicrogiaph of metal, gauge side ot head iniddeptli 
Metal in this vicinity hheaiod off without distoition of metal below 
the sheaied bin face riaiihveise section Magnification 10() diam 
eteis 
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ii "i —PliotoiiucLO{,ni)li of metal upper coinci of lie id tange side 
Uat tening of the giams and flo« of melal at <,oinei acted upon by 
tlie fhi]j,e ot the wlipels TidnsiPisc section Magnificat ieu 100 
diametei % 
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Fit, 6—Photomiciogiaph showing noimal stiuctui-e of u u l n h e i e not 
ifcected bj wheel p i o ' m i c s Tiant-voiso section ijpilflcation 
100 dmmcteis 
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FIG 7 — H e a d checked iai l 1'iogiessne f i i c l u i o cn gauge side of head, shown 
bj daikened i i e i Checked kiufice 1 inch long hj fhe sixteenth1; inch deep 
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F I G 8— Head checked rail Photomicrograph at iunning suiface neai 
outside coinei of the head Haidened surface with flattened giams 
gelow, flow of metal trending towaid outside edge of head Tiana 
\e isp section Magnification 1110 diametei^ 
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Fio 9—Ileafl checked iail Photomiciogianb of insti l next below 
that shown bj F iguie 8 Showing flitteninj,' of the gr m i s and di 
lection of flow outwaid Transveise section Magnification 100 
diunielc) * 
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P I G 10 —Head chert ed 111I Photonnciotiapli showing normal struc 
tuic of the steel T\lieie not arttcted by wheel piessmes Tiansvcise 
section Magnification 100 dnmeteis 
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PIG 11—Head checkeel n i l Photomiciogiaph showing modified stiuc 
tuie aftei annealing i t 1,475° F Appeaiance before annealing, 
shown bj Figuie 9 Tiansveise section Magnification 100 diame 
teis 
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Fie 12—Head checked iai l Photomici01,1 ipli showing appeaiance 
of nietil lieai middle of width of head at i umung suitace Slight 
Imdfetiiug at sulfate and shallow 7one of metal o[ (l iUeued t '^ ins 
r ianaveise section Magm [Ration 100 (Immefeis 
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F I G 1J—Head checked ia i l Phptomiciogiaph at miming suiface, 
neai uppei comei, gauge side of the head Haideiied and ciacked 
su l f i t e metal haidened metal next below with outlines of g ia lo 
stiucUne Longi tudmil section "Magnification 100 diameteis 
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F I G 1 4 — R a i d checked iai l rhotomieiOLaaph neui limning suiface 
immediately below Figuie 1 3 Haidened 7one with metal of noimal 
Ktiuctiuo below Whaip line oi deraaikation wf haidened metal 
Longitudinal section Magnification 1 0 0 diameteis 
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F i t 13 —Hesid checked i i i l Photoniicioguiph at miming suiface 
neu uppei Loinci gauge side of the head Haidened suit ice metal 
Tiaces of giain structure within haidened zone Tiansveise section 
Mayniflcilioii 100 diameteis 
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F I G lft-—Head checked iail Photomiciogiaph m m mnninj, smf i ce 
immediately helow Figuie t i Hardened zone mciguig into melal of 
noimal giain stuictuie l i a n s v o i s e section Mignilication 100 
diainetcih 
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