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7 o th( i viamis^toit 

On Februaiy 20, 1917 theie w s A derailment of a passengei ti in, 
O N T H E B . i l t imoie & Ohio Railioad neai Quakei ( I T \ Ohio W H I C H 
lesulted in the death of one empknee- and the mjui\ O F two pas 
sen^eis T W I T l adwawnul <leiks O N E cxpiess M E S S T ngei , I N D O U T 
emplo\et Vtlei investigation as T O the nature and T A I N T of this 
accident I btg 1 0 M I B M I T the following repoit 

The T R A M M \ O H E D M T H I S undent W A S W e^tbouiid passtimu L I . N N 
No \}- I O T I M - i m t f O L O N E tombination U I D D and t \ I ) I E - S T u one T O M -
H J . I A T I O N b a < I I > D I » T < ai A N D I N A D I O U T < O A C H one combination ' O A D I 
mil cafetai M D Pullman ( 1 1 a I i n \.del nde, all ol -uel imi-iii 1 -
tion hauled B V Inuunotiw J 1 1 T unl V \ A - . I N chaise O T Ooudrwtoi 
Faust and K N gunman Flo\ D I T p a - M ' D Schick, Ohio A T 1 1 1 U A M 
I - minutes lite P A S S E D Radon Ohio A T 1 1 3 7 i N I , 7 minute? late 
A N D A T about 1 1 J'l a M V \ is du nled A T ,i point 1 0 1 0 T T E T east oi 
Quakei ClU T V I I K I I station I ^ 1 0 M I L T - , west O F Fldon whib ( I N el-
ma; at a -peed of about 1 3 miles an houi 

Aitei del ailment the engine i an O N the loadbed A B O U T 100 T E E L . 
mined o\ei to the south and came to TE^T on its left side at an angle 
O F about 15 degi E E S with the ti ack v\ ith its lront end on tin I oadhed 
The tendci lemamed toupled to the engine and came T O rest on I T C 

right side at light angles with the tiack, "with the rear end faithest 
fiom the track The combination mail and expiess cai cime to IES.1 
on its left side parallel with md about r)0 FEET from the track, the 
T O I W ml end beiii" it the L E A I O F T H E tendei The combination bag-
gaae < ii and ( O A T H lemamed on u> riutks md ( mic T O I est W I T H I T S 
H U N T end ibout i"> L E E T iioin T H E I I uk uul L I I A M M the piectslmg 
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car, and its real end about 12 leet tiom tbe track The coach IC-
mained uptight on its trucks w ith iU foi w ard end dow n I he emb ink-
men t against the combination baggage car and coach u> ' t a i end 
II ma 'in d at t K bed to the M mbi I iiion ( oach and ( a h' < n \\ T I U 11 < ai 
w -•- di 1 a.led but lUiianied 11 ] > i J iili 1 on the loadbtd Pullman ib in 
car Adelaide remained npiighi with its leai end still on tin ti ick 
None of the equipment v w HIK I -< \ < I e damage lTw Hack was torn 
up for a distance oi 3H8 ft > i 

A view ot the detailed engine i s it appealed from the loot of the 
embankment is shown b \ bgmc Xo 1 

l l i c subdn lsion on which tins deiailment ou un ed is a smgle-trac k 
line extending from Schick io Newaik Ohio a D -tune ol 102 2 
miles Tram mov ements ai e ii^v eined by time-table nul Ii un ordei s 
supplemented by a manual bin k system Appioaihmg tin s( rn i t 
accident fiom the east the ii I' k i- tangent for a distance ot 1[ nn]( 
followed b \ a ciuve to the n j lu oi 3 degrees 50 minutes, 950 feet in 
length, Tvhe ie theie is a flight giade descendmg westward The 
derailment occurred on this r imi about 135 feet fiom its western 
end The tiack is laid with >Vpound rails 33 feet in length on a 
fill \aryrng from 12 to 15 feet in height The rails aie single spiked 
to about 18 oak ties to the 1 ail tie-plates" \Vebei 4-hok i ul lomts 
and common 4-hole angle bai- au used and the hd'i-t ion^I-1- ol 
about 7 inches of granulated -1 ig on top of 4 oi 5 int_hi - '4 ni ,\cl 
The supeielevation on the <ni\e on which tlie arudeni octuitcu 
vaiied from 2} inches to 1 n tins, the gauge vaned from I leet R[ 
inches to 4 feet 9 i I K he1- and tie anv ature v ai led from 3 to 5 degree 
Tin. maximum permissible -pmd ioi passengi L md e vpu 1-- i , n -
oxer this tiack is 45 miles an hmn The weatlm o i- • b u 

The engineman was killed in ihe accident A caudal i \inun inon 
ol the engine laded to ie i D n i \ mech inicaJ oi mini debet th tt 
might have contributed to tin DO ailment An e\ munition oi th" 
track on the outside tad ol ilu curve w a i made lugumi.ig IT r( i 
[uiint of del ulment and pi oi < K. ding east w ai D a w I-, to md i n ii the 
gauge M D C oi the head of pi u ticallv, all tin i ills \\,i- ilange worn 
fiom 30 to 50 per cent Mini ni the iaiK weie tdted outward and 
io some of these the head oi the iail was sprung outwaid neai the 
middle ol the length of the rail The tie-plates on the inside >F tin 
i.a's were baielv down on ihe ^uiiace of the tie but on i'ie nuts-IDN 
iliey were piesscd down into the tics until the (op ol ilu piitc w is 
below the bin face of the tie oi the pait of the plm om - iue ui the 
base of the 1 ail w as bent upw ii d An a\ ci age oi loin ties per rail had 
been ma iked foi lenewal, ind in two instantis the ties tindei iad 
lomts were found to be broken At the ]omt- the surface ot the in -
v is from T, to 1 inch below the base ot (he iail Ihe spikes .it ntlie, 
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parts ot the rails weie toimd to be laised from ] to f inch, and at the 
7Dints the\ were so loose that m some instances it was possible to 
1 emove them by hand 

Conductoi Rau-t who was riding m the chair cai at the time 
atated that his hist mtim ition of the deiailinent wa« when he ielt a 
bidden application ot the an brakes, that his linpies^ion was that 
someone had been struck b^ his tiam and tbat he did not realize 
that the tram ŵ as dci uled until altei lie had gottpn out ot the c u 
in which he wa- nding fireman Scott stated that tbe engine was 
tlie fiist to be dei ailed that the speed ol his train was about 10 miles 
an houi at the time of the accident and that the engineman was 
woikmg little oi no steam and made an emagenoy application of 
the bi akes 

Division hmgrneer Toidella stated that he made an examination of 
the lads mvol\ed in this lccidcnt and found that in the web of a 
iail on the outride of the curve there was an old defect, wdncb so 
weakened the head of the rail as to permit rt to kink the rarl kinked 
about 1\ inches and the length ol the kink v i& about ") feet lie 
-l.itol that m his opinion the dei , ilment wa- due to t'ns ([elective 
iail and that tlie hist p u t ol tlus tiam to lie detailed was the i e a i 

eliivei ol 'lie engine oi Ihe tank o i pos-ablv the first ti i< ks ol the 
ip ul car l ie further stated tint while the gauge -nle ot the head 
of the rail was ilangc vvoin ippi oxmi ueh 55 pei t out, he did not 
< onsidet that sulh< lent to cause da e ilment ind that lie was ot the 
opinion that the i ail did not turn over until after it had failed 
Dui-ion Kngmeer Toidella stated that undei that paiticnlai ] ail 
onh lour ties had this veai been maiked for lenewmg, and at the 
exiet pomt of <leiailnient none had been marked He aUo s ud tint 
he lode o\ei tin- track on Febiuan 11 and thought then that the 
(invc tocle V O I V well Minsideiing tbe sei^on of the year 1 rack 
"supeivisoi Tie is -tated that he consideied the ti tck on the euivo 
whcie the deiailment oeamed good tor i speed of la mile^ an houi 
Track Poieni.iii Bull stated that he went o.ei this ti ark on a hand 
t ai on the Situidiv preceding the elate id the accident found th 
tiack m good condition, and did not think the rails wei" worn to 
the dangei point 

IVhile the dmsinu ingineei \ a - ol the opinion tint the accident 
w i - ( I I I - - e d b \ i bioken i ul this un estigitiou di^Jo'-cd that Ine 
hist niaiks ot ceiailment wae located on tlie tlmcl tie horn the 
west or leaving end of i iail on the outside ot the cuive, which 
tail \a- the one pirn cling that which the division engineer men-
iio'ied a l in ing developed a kink m the head, because of a defect m 
the "(Ii md having (aased the deiailment The west end of the 
I ad 'I the point oi deiailment was twisted outwaid at an angle of 
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Figure No 1 —View of dera led engine 

Fi^jr - 1 No 2 —View rf outer rail OT cur/e Heaa at end bent outward 
and rail twisted about 30 degrees 
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'Cadi iail on tlie outside face ol its web, exhibited slioit seamy 
lines, a (ondition dtaehino to then tabulation The surface metal 
was folded over, < . R i s i n g laps of shallow depth At one place, m the 
plane ol rupture o f the web of tlie westcibv iail it was thought that 
FIN incipient ci ack had been developed lepiesentmg an extension 
ot a suiface lap I N other places the primitive condition of the laps 
appealed undisturbed Ihe piescncc of these searm laps clearfy 
had no influence upon the I IUSCS which led to the deiailment which 
\\ due lo the ovci tin rung ol the iails i iom msecunU ol attach­
ment to the ties 

An mqim\ was made into the stab of internal strains of the 
westerU rail and to those results aie appended the results of meas-

med strains oi other rails those which had not been in service rep-
i e-uu .ng normal and K celeiated iates of c oolmg The benefits 
which mav lesuli fiom niquuies into the causes of iail failure-, de­
pend in a measuie upon the s^ope oi the work done m individual 
c a ^ , but such woik is aided bv accumulated dila clenved iiom the 
ex imination ot other rails upou the phases through which steel 
pi - ses tiom its primitive state until inptuie ensues The lonsnleij-
foi o! internal stt uns m raiK which not nihequentlv, attain a mag 
ni'ink equal Lo o i (xceecbng the dired stiesses from wdrcel loads is 
i maitoi wine b ha- been neglec ted Tin- fact emphasizes the need of 
arqunmg ind lecorcbng as much mloimation is ma\ be gatheied 
upon this important matter and supplemental data covenng ^uch 
ob-.ei . am n-- n I submitted m tin- lepoi t 
'1 In J II11 — ui \ oh ed IJ] the present deiaihnent w etc ol s"> pounds 

wiighi A s C lH -cction md were bianded Carnegie 100;> K T 
L L L T I N I L ihe (bnnical anihsis ot the iail the web ot which 
w ,.s n II tuicd \« as as billow s the IN d\ sis show nig the < uinpo-ition 
oi the metal at the outsul uppt I o m e i of ihe he id and it the 
I N I • H l i e oI tbe he.id ne 1 1 its pun tion w ith the w eb 

( H C I R I U I L I O M P O S I T I O N 
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The internal stits-es I oirespoiiding to the nu'isuicd -tiams m a 
section oi tins iail it its lecemng end aie shown on figuie No i 

Ihe internal s l i e s t at the penpheiv of the head all oi which 
weie ol compression, weie ot moderate degree tor iails which have 
been I N the track ind subletted to the cold lollmg effect-- of the 
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wheels rhe\ vveie highei, howevei than the cooling =trams of fahn 
cation aie expected to be m iails ot tins weight unrhr noimal con­
ditions of cooling and theietoie had doubtless been mtiei-ed bi 
-ei w< e < onditions 
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T h e l o w e > t stie-ses o b - < I ed ni th" lit M ! W M on TLII u H U H ~I«u 

wheie flange weai had lemoud considei able metal J wo values in 
an ft' foi the tonipie—ivt - i n - n n the top of the head Ihe lowei 
value m magnitude iepn-ents the mean coinpie&sive stiess m the 
-tup 0 15 inch deep whnh w a- detached from the i ul at tin- pLu e 
'Ihe h,ghei lalue moie do-i l \ leprc-ents (he maximum she— m rhi-
pait of the tail Themtei i id -tiesses piogies-u cl\ laued accoidmg 
to the distance below the I mining sin face f in- w is -hown by the 
detached stnp assuming i <m\ed shape convex on the uppei side 
8ec iiimg the stnp m a -ti uahtened position, its expansion was 0 003J 
inch on a gauged length ot 10 inches, which conesponds to a com-
piessive stie^s of 0 300 pounds pei squaie inch TVhen the sti ip was 
in a tiee state the ehoi d mt i-uiement showed an expansion of 0 0044 
inch, which lepiescnr- I completive sires-, ot 13,200 pounds pei 
M A I A I E inch 

•~ioce lh" UK would A N i-uu moie than it- choid I L is o u h i n 
that ihe highei value nuae neailv lepiesents ihe jitual -tn— 't ihe 
nnmedi de top ot the head than the lower\alue tu oidei in balance 
the compiessne -tiesses m the metal at the penpheii the interior 
of the head must h ,u' been in a state ol ten IOI, 1c will be iecog-
1 1 1 / e d that this, -tate of tension um&tiluh- ihi U M S O I I for and i n 
nishes the t\planation of the mlei ioi oi ia ]u- OL Li nisi ei so fis-n 11 -

The internal stress in the edge oi the flange on the gauge -ide ot 
the ba-e w â  substantially that which might lesult fiom noimal cool­
ing The tail had been subjected to an outward cneituimng toice 
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in seiwce in (IK tiack and no weai was shown on the undersurface 
oi the inside flange The undersuiface of the outei flange however 
hid been worn smooth Tbr= flange showed a stite of internal ten­
sion 1 mounting to 3,300 pounds per squaie inch The normal stresses 
m the flanges being of compression, it is infcried that service condi­
tions or those attending the derailment weie responsible for the 
reversal fiom compression to tension Tt has been shown that gag­
ging ma"\ i everse the normal strains of cooling I f gagged upon 
the ba-e both ilanges would be simdaily afTeeted or if upon the side 
of the rail a similai distutbance would be expected m both the head 
end the flange of the same side, a modification not witnessed m the 
present instance since the outside ot the head remained in compres­
sion TTndei normal conditions the metal along tbe middle of the 
width of the base is rn an initial state of tension wheie this larl 
displaced a lompiessne stress ot 2 100 pounds per squaie inch 

Photoimotographs weie taken of the structure at different parts 
of the iail Figuie No 4 shows the average stiuctuie, m cross 
section at the center of the head at a magnification of 100 diameters 
Figuie No ") iepre-em% the flattened giama of the metal next the 
running surface of the head the re&ult of flow under the cold 1 oiling 
action of the wheel pressures', under the same magnification as above 
stated and ilso shown in cross section Impaired duclilitv under 
tensile stiesses is characteristic of the metal thus affected Early 
ubsei \ it ions Ii i\ c show n a i e-tor alum m ductility is accomplished bv 
ariiic iluig the steel A lestoiation m the -hape oi the giam=> dso 
it tend exposuie to annealing tempo itures 

Figure No 6 shows the appearance of the stiuctuie at the side ot 
the head which had been exposed to flange wear The metal was 
woin away without disturbing the shape of the grains immediately 
below the abraded suilace Metal next below that which is worn 
away m this manner is commonly less affected by internal strain-
than thai which is exposed to cold rolling without inatenal loss h\ 
abrasion or without the relief which comes fiom lateral flow 

RIU ee fe ilui i - • aie DS^ocaalcd in c onnec tion with the eflect ol 
wheel pres-me^ on the top ot the lie ad naniclv the depth at which 
the giam- m the miciostructure of the steel aie distorted bv the cold 
lolling of (] i A heel the depth at which the chauctei of the tia<-
tuied suilace geneiallv exhibits a change from an oblique shearing 
iractuie to a gi inular one, when the head is on the tension side of a 
iail tested to de auction and the depth of peneliation of the 
internal strains of compression Fach of these zones at tim^s appears 
to hau diiteient depths, without appaient fixed relations to each 
other The presence oi mteiiiaj sti uns docs not nece-sanlv mani­
fest li^cli in the appearance of a traclined surface, nor docs the 
microstiucture appear to furnish indications of the presence of 
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-IPURE NO 4 - M CROSTRUCTlRE Oi e, I SI O/ n RI TI^URE NO 1 AT -ER ER 
OF LEAD CROSS SECTION ti iuti ' CATION 00 DIAMETERS 

SU FACE OF HE I J SHEWING FKTTER IIIG OF IHE ^RAIIS CROSS IPETO i 
MAGMFICA IOR 1 0 0 D A NETERS 





F gjre No a -T1 ro ructure of rai shown on F g J re No 1 Lonrri tudinal sectioi of flange whch v\at. in i state of initial tension of 1 300 pounds per *q jare inch Magnification 100 d a meters. 
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RANGE II OM XJ. 000 TO LO.OOO POUNDS PEI SQUAIE MT LI IHT MAGNITUDE 
OI THE INTERNAL -TRESSES OF THIS RAIL ARE NOT EXPECTED TO BE LEACHED IN 
OLD MAN CASES THEY ILFUSTIATE, HOWNEI A RANGE IN \ALUES WHICH 
IT IS POSSIBLE TO ACQUNE IN STEEL COOLED BY A LESS ENERGETIC MEDIUM 
THAN ITEQMNTH EMPLOYED, REFERRING TO THE PIAITICE OI COOLING OEITAIN 
OVEIHEATED MCMBEI- 'N MEANS OT W ATEI 
INTERNAL STI AM- IN ONE PAIT OF THE EIO-S SECTION OF THE IAIL REACT 

APON OTHEI PAILS IN THE SAME MANNEI AS IN THE APPLICATION OF EX­
TERN IL LOADS A /ONE OF METAL M ONE PAIT M A STATE OF TOMPIESSION 
IS MET AND HOISTED IN MOTHER PAIT BV METAL M A STIT OF TENSION 
THIS I S ANOTHET W A \ O R STATING A WELL-KNOWN AXIOM CONCERNING THE 
RELATIONS BETWEEN NITON AND REACTION AM CHANGE M THE STATE OI 
STIAM IN ONE PART, THEREFORE CANS11-, A READPISTMENT OT THE STRAINS 
UI OTHEI PAITS DIAGRAMS NOS L'L AND 14 SHOW THE SUCCESSIVE STAGES 
PASSED THROUGH BV TWO IAIL SECTIONS DINING CHANGES IN DIMENSIONS 
OCCASIONED IN THE ICMIOVAL OT PUTS U[ TLIE (IO-S SECTION STNPS WEIE 
SUCCESSIVELY DETACHED ON WHICH RETEIEUTE LENGTHS BAD BE ERR ESTAB-
HSHED AND ELICITS MEISUUD AT E ICH -LAGE AS INDICATED BY THE PIO-
GIESSION OT FIGUIE^ II) THC-E TWO DI IGIAUIS 
DI IGI IM \O LI --HOWS THE SUCCESSIVE STAGES PASSED THROUGH BY A 

J AIL OF ')2 7 POUNDS WEIGHT WHICH COOLED NORMALLY THE HIST MACHINE 
I IN W IM LI W AS MAD'1 DETAC HEEL THE HEAD AND THE UPPER PART OI THE WEB 
FROM THE BA«E A GENERAL EXPANSION OCCURIED ON EACH REFERENCE 
LENGTH ORR THE UNDERSIDE OF THE BASE IN THE UPPER PORTION OF THE RAIL 
IHE TOP OL TIE1 HE ID EXPANDED WHILE THE WEB CONTRACTED RN LENGTH 
THE LEADPISTMENT- WHICH SUBSEQUENTLY TOOK PLACE AS THE MACHINE CUTS 
WEIE MIDE FOI DEL IDLING THE STNPS MAV BE FOLLOWED ON THE DIAGIARN 
THE SHADED AREAS REPRESENT THE STATE OF THE RAIL AT EACH STAGE OF ITS 
DISSEV EIAIU E THE FINAL LE-IILT- SHOWED THE RAIL TO HAVE BEEN IN AN 
INDIAL ST ITE OL COMPRESSION IT TBE TOP OT THE HEAD ANCL IMMEDIATE 
\I<NNT\ IDIE HANGER WEIE AKO R N A T A L E O T COMPICSSION BUT MEIG-
ING INTO TENSION IT THE MIDDLE OF THE BASE THE SIDE-, AND THE LOWCI 
PAIT OL THE INTEIIOI OL THE HEAD N,B M TENSION AND LIKEWISE THE 
INETIL OI THE WEB IT THE MULCLH OI IT- DEPTH AND AT ITS (UNCTION WITH 
THE HEUL I NE LESIILTS ON THIS 1 UL AIE LAIILV L EPI ESENTATIV E OF THE 
-LI IN - W MT B M | R C -I NL N» N< ̂  I IDS OI -INULAI DUNE NSRONS 
PI IGI INI \~O 14 SHOWS THE LESTILU OF THE EXAMINATION OF A COM­

PANION I UL OL THE -NNE W EIGHT SI- BEFOIE, AFTER 'TCCELEIATED TOOLING, 
ACCOMPLISHED BV MEANS OF AN AIR BLAST DIRECTED UPON THE HEAD THE 
COOLING WAS DONE IMMEDIATELY AFTER THE LAST PASS IN THE RARL MILL 
IHE MANNER OI CLI— E\ERANCE WAS NEARLY THE SAME AS RN THE PREVIOUS 
EXAMPLE, MEASUREMENTS BEING TAKEN AT EACH STAGE ACCELERATED COOL­
ING C UISED THE INTRODUCTION OF HIGHER STRAINS THROUGHOUT THE CROSS 
SECTION THAN WITNESSED M THE SECTION OF NOIMAL I ATE OF COOLING THE 
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respective zones occupied h \ the meLal m tension and m completion 
however lemamed substantially unchanged in their po-itions 

Internal stiams in 1 ails m i\ \ en proper H be con-idc i id is 
analogous to the dead-load -in—! - m other engineering striutun-
Obviously no engineering design u l a bridge oi large span would be 
entc i tamed which omitted lb. urn- delation ot the do id-load stresses 

6 TOO i 

7500 Z C .pOO 4 F J X ) d * C O 
c " ii'i ' r 

T u LP*- X n 0 — O 0". -0' tion oi m •, I III pound i ul Ii ii i n i -i 
i i n- iii i 

8400c I 

3,300 c 1 

6000 I 
fensicn 

4 ? O 0 T e -

3300 c 
6000 c 
3 900 c 
1 1 0 0 ^ 

45001e^s on 

J O O O l e n s t o n 

o 4 0 Q h 

L U L R U R E J > ( J 10 

3300c 1 4 4 0 0 c 1 Z 9 0 O c •4.'vv7 _ 5 C 0 Q 
'ens on 

-Cio*.*, section oi uew 100 pound i ul In Lei in I 
(i u< d i oliuto wiih a n 1 in«L 

nor should the\ be omitlc d in lh*o consideu ation oi tlie -in -sc.- m iails 
The dead loads not mli equeutly exceed (he live louU The sum ol 
the two lepiesent the actual loads which the bridge members inusl 
sustain Bridge members themselves aie also affected by interniJ 
strains but in a lesset degree doubtless, than rails Internal strains 
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equivalent to stresses* ot 1J ,000 to JO 000 pounds pei square inch 
are not uncommon m the heads of rails which ha*e been m service 
toi a time To these should be added algebraically, the lr\e loads 
to cxpiess the magnitude <>f the tot d -tie^ses m the rails 

3 7C0Co"-> 

V / / / / / A _£3EZZ2ZS3 uv///aj 
15600c 3SOO mOOc 

lens on 
F I G U R E N o 1 3 — C r a s s S I ' L U O U of a ne w 92 7 nound lail Internal stre&sos aftc] normal 

cooling in ail 

1 i ,r i;c "so 1 2 — C r o s s ^pcnoii oi n ne w 62 7 pound rail Internal -Ins^i- attii aie 1 

erated cooling ^VITII jir lilist 

hi ludgmg of the effects of these combined stiesses it is important 
that the distinction be made between the effects of loads once applied, 
as they aie applied m the usual determination of the physical prop­
erties for the purpose of acceptance, and the effects of the loads which 
aie leceived by the rails m seivice The latter are repeated a con-



12 LNlTRSrAJT I mi HI U C F COMMISSION" 
srdei able number ol times Ilu u lation- betw een tlie pinm IA\e pi op 
eities shown m the acceptaruc lest- oi such piopeit\ A~- mu have 
-tich a 1 elation and the load- which mav safeh be applied md le-
]>eated without cmsmg inptuie •>! the i 11!, ha\ e not been -atishn 
touh inv estigatcd oi defined 
Present mloimation de\ clopi d m the laboiatoi\ cm caiefullv, 

prepared bai- goes no tin tin I ihui to establish the lid th it re­
peated alternate -tiesses iuii-l in i ipptoach too closeh to ilu elastic 
limit ot the steel lor long tiidiii nice ol the metal ^ h it -ball bv 
taken as the elastic limit ot i i ul m uew ol the pie-enu ot thc-e 
opposing internal strain- ol hi-urn and compie—ion i- a subject 
which claims eailv attention Ihe pieweution of 1 ul I nhues' will 
oe advanced b\ the ac qiij-iiu >n ot definite knowledge < weniing 
the i esistancc oi iails in Jul -ctiion against the land ind dcgui 
ul sn esses which sue encoumen d in die track and this neces»anlv 
i eqimes that definition shall In nub ol v hat the ti ack -ti e-ses them-
-.eh es aie 

si MvIAH"i 
the investigation ol ihe iail- involved m this amdent showed 

that the outei iails oi this e un e b-pl n e d coiwdei able 11 inge we u 
ind that the base ot the rarl w hn b w i- • > \ 111uin d w r- w oi n sinooih 
under the outei flange while un<ki ilu nitiei flange there w i- no 
evidence of wen Ihe ov eitmiiiiju. tendency wdnth had been in­
sisted by this iail was indicated b\ the worn sulfate of the base 
In addition to these badly flauge-v.mi iails theie iu i c 'ow mint-
and loose spikes in the ti ick in tbe \Hinit\ of the oi dun md 
these con flit ions aie believed to hm been the cuise ol i i diiail-
ment 
One of the iails w hicli o\ I i I im 1 show ed fl itige mai ks ot wheels 

on the inside bin face of the web pi u tic ally it a full length md it 
places the wel) was Liaduud I in so lines of ruptuie weie lc uh 
the result ot (he deiaihmm i- tl i \ weie lot ated on the web it a 
place inaccessible and immune horn -uch eflect- when the iail is in 
upnght position 
.Each of the two tails show id -hoit -earn} lines on the oul-hK 

suitaces of then w eb- whe h lppeaieu as lap niaiks mob in tin 
fabrication of the iails One ol these which v a- in tie plane ot 
the fracture oi the nipttued web w as belies ed to h i w i Mended and 
foi med an incipient crack in the web It «i- ideiital that it 
chanced to be located in the couise ot the line of mptine developed 
In the wheel flanges and could not be leguehd is a contr rbutoi v 
cause m the deiailment 



*00c3 -0017 QOLO '0029 *€Qc3 0023 '032 *002\ +CVfr*t023 -0033 +CC/-3+a,9 ^X&D -OC30 -QVi -COB +CGOI 'UW iX33 

* 0034 10.200 e 

D i a g r a m No 14 —Cross s t a t i o n of a new 92 7 pound roil I n t e r n a l s t r a i n s and s raises Ei'er atceleraled coo! ng witn air blast on head Strains prog-ressWeJy displayed as section 
of rail was dissevered, with s-resse^ carresuandinj to total strains released 

um-17 (Face page 13) 



Diagram No 13 —Cross section of a new 92 7 pound ra I line nal *t „, s s i f l i i esieia'ter normal cooling in air SI rains progressively displayed as section ot 
ra.il was dissevered •/ i M" esses <-r> retpc rdi ng to total strains released 

32.WI—17 (Mcc page 12 ) 
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The examination of the iail which had the fractured web showed 

stiuctuial soundness in othei pait- while its state ol internal strain 
disclosed no featuic which could be held responsible for the deiail­
ment The telation which the tin(tuied web boic to the head ot 
the tail cleaih indicated that tlie fiacture occnired aftci the rail 
was tinned on n> side The twisted rail next preceding this rail 
m the tiack was bent outwaid all of which consistently indicates 
that the accident was due to insecurity of the track stiuctuie which 
permitted the rails to be oieituined 

Respectfully submitted 
H W B E L N A P , 

Chief, Division of Safety 
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