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mm cLKvib, oaiot ox worn m§ inn 

Oft lla***. 80 f 1031ft ttisro aaa o aorailiaaat of ft soo» 
i*ftga* Kwm OH t o o Olotoioao. Ginoloaotit Cbloa#;* * St« 
Louie t aUwa? ftoojr Olaaa®* Ohio, ablofc reoultod la tmo ta* 

rj a x r a f aaaa* yosHaagern s a i taa aaylajrooa* a t t a r iavaoai* loa oo t o taa aatara aaa aaaoa a f tblo aooisaat* 2 to* aaaait taa following report* 
faa traio iaaalaad ta t o l a aaalaamt waa fmmmm 

treia Ma* ®L§ xa&m aa taa f o f a l fcrta* on rout* from fa**> 
atattllla, f i t * * ta ®bloa$ot 1 1 1 . I t oaaalatai of laaaaatlaa 
tOOOf 1 otaol aaaarfraftt* aaaaosa oar» 1 otoal *Jsa*aftaa* 
oombinatlaa oarv 1 otoal ofeaXr oarf I Puliaaa aloofla® oaro of atool ooa*t*aoti®aft 1 f o l l a o a alaoi»iag oar wita o t o a l 
aaaayfraa* aat aaatlaulaat aaa 1 fal i isaa l l a r a t y obaemtioa 
a w o f s t o o l ooastraotloa* in obarge a f Oaa&aatof Monger aa* 
afefiaoaaa «urpay, Tblo train loft Oiaolaaatl* aaataaaai* 
a t l«@a *# a » t 3 aoara oaa M aiaatoo lato9 a i t a order* ta 
mm m taa oaotaaaaa tsrmote from fti*arola*» 4.2 a l i a * aaat a f 
i l a a t a a a t l t t a fallajr #aa*tioa» i f t f n i l * * aaot o f ftftaajata* 
t i t aaa tbaa oroaa o f * * to tba aaotaoaaa tana** vita rlgata 
aaa* a l l trains. I t pa**** farnbaair, I t alios vast o f 
Ginciimatlj a t 1*4® E . aaa m* i a r a i l o d at a pataa about 
§ a l i o * aaat o f f avatttakg or aaarly a a l i a aaat o f Cleaeat 

a t aaoat 1«00 a* a # t amllo running a t a epoaa a f ab«*t §0 
alios oa hour. 

The f r oa t lebaals of taa aaglaa tfuolco aaa" taa raov 
tracks o f taa ta**** vara a*t*U*** fa* l o o o a o t l f * aat aat* 
§o#a oar •apai**** frosi taa aofafoiaattea oar abaat if foot* 
taa laoaaatiaa fttaaia* about 048 fe-t bofore eoaia* t o a 
af ia* t r a m about m f o o t * Both t*uofc* a f tba ba***«* aar 
aata aarai la* am taa l o o t s * o f taa curve, taa bo iy of tma 
oaaMaat loa oar aaa ****** from f t * trmoao aa* atao* upright 
baolaa tba ***•*> taa *b«i* oar aaa 1 rallaaa sloapla* oaro 

id, m ? i 



ware Oeralle* aa* mm t o rest, at an angle o f about S©% aa* 

railed* PraetloalXy all taa eaaage to taa aare aaa aaaa to 
their truo&a. Figure Do* 1 show* a view of taa derailed tret** 

this part o f taa Cleveland* Cineinaati* Ohioego a St* 
%mt9 BAILOR Id a e*a*l**t****- l i a s ever whieb t r a la raeva* 
fiaata are gowerae* by Mae-table* trala orders* aM a aaaaal 
block aystam* fa* trash ooae l s t e of 90«$en** a too l rails* 
as foot ia length, with 19 or BO ties aadar oooa rail, tie* 
plated aad slagle*eplke* aad is ballasts* with aboat 8 f o o t of rval. f he d*y*il»eat oooarre* « g & r oarve aad oa praetieal* 

lorol traok, The weather at tho t l a * was alter* 
laglneaaa Murphy s t o t a i that hie train l o f t Clooiaaetl 

at 1*23 a# a* * end woe raaaiao at a speed of about 90 alios am 
hoar aaaa ha fait the engine Jar aad the gravel began flying* 
at which t l a * ha applied tho air brake*- la e**r**e«r9 thinking tho pilot any have folia* doom* the front trweks of the leee* 
motive were tho first t o bo derailed, am* when tho trala steppe* 
ha looked beak sad saw that the oars wore derail ad an* partial* 
ly tipped over* At tho tl*o of the derailment ho was sitting 
oa the engineaanta seat bear* looking straight ahead* She beeeV 
light was btaralai brightly aad lllaaiaato* tho traak plainly 
at loaat 000 foot i a odvaaee of tha l»aa**tl**# Aftar the do* 
rellraoat ha iaa;eete* tha abaele* f l o a t s * end axles of tha 
leeoBottve* bat did not find anything wroag with them* Opo* 
exaodngfcthe traok ho found a broke* rail* whieh in his opinio* 
was tha anas* of taa ewrailaeat. 

Ooaduotor hangar s ta te* that a f t a r tha soeiawmt ha oa* 
amine* tha traok for tha purpose of asaoytalaistg the sense o f 
tha darailaaat am* foaa* a ilea* of taa broken rail about M 
laohoo long l y ing i n the ballast of tho wootboaad traok at a 
paint abottt too foot from whore it had originally hoea ia tha 
traok* M l of taa braoka ia tha r a i l appeere* t o bo now break* 
aa* aa flaw* o f say kta* wars visible* 

Waster Meohaalo loner state* that aftar tha aooidont h* 
oaBoaiae* tha running gear of laaaaotiva 0900 *** foaa* tha 
wheals* flanges* axles* ets»* la good eo**itloaf aa* nothing was dlaoovare* that ooal* hava oaaso* taa darallweat* 

Oaporwioor of Track folks stated bhot ho roaohe* tha 
seen* of aooidoat about 0*00 a* a* aa* made aa ©atamiaatioa 
of the traok* la foaa* two broke* rails* tho oast rail being 
broke* into six pieees* to o o a l * fin* no fie** o r defeats la 
tha rails* aa* so far aa ha ooal* datoraiaa tha rails war* 
i a good oondition prior t o the deralln**** He s a l* that this 
eaattoo of track ha* boon taapeabe* by %eak*e» on taa difforaat 



mm&tma m the mw Worn mm seeideat mm ha had paaeed 
mmmm it mm mm mm mm trala «©* i©t mm mm tmmk mmmmmtm 
If mm mil r igh t* By him impmtim mtmm mm aeoideat ha 
mmlm tim mmmm. that, ahould have mmmm mm dereUaamt 
ether mm mm fero&ea raile* 

tmm Immt tmim to pmm mwmr thla tmmk p r i o r to tha 
der&Uaeat « i s m^tmmim freight t te i® 8e# m mlmm pmm&m 
mmt mmm hmr® mtmm tmm Wm* 31 mm derailed* and th* 
mrm of that tmim etated mmt they did not notice mw m* 
umml rougteeaa of tho traek o r asythiog that would ladle®te 
that It waa mot la good eomdltloiu 

foe derailment mm o l early the r#eult o f em opeal&f 
fearlne mmm mAm SM mm tmm fey the oy#etciit« of porttoa* of 
tm adjeeent mtim m e i t h e r alio of the Joist *fcieb ooeooetod 
th*** While thla f o o t im mil estoblisbed, thmm tm a divarelty 
of opinion* as to mmt part o f the traek was tm firet to f»»*» 
to*a« SHfferemt theories mm mm offered ae to tho i«ea$*t* 
eeoae of too derfcilaeat toy thoee who participated im too e»<* 
esaiaatloB of the treek amd the fragueate of the rallo* 

Offlaiala o f tho tall**?* mm mm mm first to mmm 
tho mmmm of dev i lmen t* lm deeerlftlag tho eppearenea o f fraa* 
turn M$ mm mhrnm hy f igure m* t $ ttnto that it aad tho isdloa* 
tioti* of havlag worked up and dont ami mm align aly mm* mt 
tm areek \?me * rer- roooot aooi that ell other fraeturea aera 
absolutely mm ones. In this eonneetiea it ia to be mtm that 
tho op,oelte smrfaoea of fraoturo 8 do not fit together wellf efeowiag that t&ey were fcruiisod by different eb$eetaeirl1eia§ 

Sr* f • B, 8 » d l * y # ooneultlaf ea§iaeer* Saw Tork Central Lines, la tejportiaft upoa these rail a* oooaldered that tha 
firet treat: ooourred mt B f teetwaa fre#§o»t# £ and 3* prooa* 
b ly before tha mtsaeroue br#©see io the tm rail a, and of tho 
o.i;ilon that this breate m o oetjoed by ao^o ^reoediaf train* So 
pointed out that tho baor i sg aorf»ee oa tho iaeide ekowed thet 
tho driver® tad tmm mtippim ejftenaiaaly and bad Hardened 
tide ttotalf tfurthrnvmrm that tha primary oauoa of tho fracture 
i n hla opinion, mm mm hardaned layere* ee»oe& by allpplaf om 
tha beerlag aurfeoo of tho reii »t tbue iaduelag trmammrm 
mmmkrn* *aiea ho fouad in ell of tho load fraeturea $ aad that 
tha aagatire oegrefetloo of eeraoa aad fhoaiberu* la tho anal* 
y*e* whioh ho tmm* indicated that it wae a tell from tha loaar 
part of tha Ingot* 

An m«pootin$ hureem reported tmt thim rail ah<we£ oa 
it© otohod eurfsoo a kiod o f i>orou» etraeturo* ôiierally i^di* 
aatlra of a l ooa i lmt mmr tha top o f tha Ingot* and ttet aaithav 
rail ahoaad aay. ?*r*eft iadloatloaa of eoa^aaatioa* taforrlag 
t o fraatura A* it mm otetad it had iaiiaatl^io of haiag a 
rroaToaalva fraoturo and that ao»o of tha oreae aootioa wmm 



e t t d e a i l f hmmm * **e*ideve*l* ttvm prior t a mlt iaat* 
fa i lnr** 

Mvergeat v i e w ware than earar****d eorioeraiiig tit* 
alreumateneee wbieh r*a**lt*d in mm doroli&tnt o f this trala* 
fba two r o l l * and th*tr eonaeetlng **ll** t o r t were outeitted 
t o Mr* Ion** 1* Howard, engineer phyaieistt tor ©aemiiietion, 
who umbos tb* following report, eeooaj*al*d toy tot* upon nest* 
additional rail sootlono, 

Aetmnwledgisemb 1* and* of tha ©eesewitlos o f t r* Sadley 
tad offioiol* o f & a Cl«r*l«tt*t Otanlnnati, Chioee* a i t . keml* 
&*l}wey l a th* investigation of these aenbera* 

mmm or tm wmtmm im&iQim* 

tm r a i l * war* fraatared a t tho dorail i iont o f t ra in 
No. 8 1 , m taa 6lea*i*i*d t Otoei****!, O h i o a ^ a It* Wala t a i l * 
any, aoar 61*w**t Ohio . Snaab 30 . iii? t naaely* th* ianving 
and o f on* r a i l «nd th* reaalaiag and ©f tha other* &m opening 
una mmmm t a the true* by thee* freotare* *bont IS f e e t long, 
ayn»*tr ieal with the Joint between tba two m i l * , through 
wbiab tn* derelled mm of the treia pa«acd. 

fba** rolls war* of W pound* weight i>*r yard* jteerl*** 
Seetaiy Civil teglneer* a**ti®n* Tbe *n»ter ly mm mm a leaeeaar 
m i l r a i l e d by the Carnegie S t ee l Co., aad branded *0&svagi* 
0. w, am 12X111111*1 tb* waaterly oa* mm m op*a»h*arth 
r a i l r a i l e d by the Iilinoi* steel C o . , end breaded • § * » • f § 6 i 
I 8 Ck>* g « r y tee* ||U m i , * fba bread mm m the mmt apHe* 
bar* wblob ooaneeted tbeee r o i l s , showed tbat i t we* mm a t 
Jaliet, Xll*9 ia 1906* 

fba lentil o f t i n * wblob tbeee r a i l * were In the treab 
a t tba p i e c e of 4ere i teea t i * not tonwa* Most of tbe tr«ok ta 
that vicinity waa l a i d i a 1®G® with new 96»not3*id m i l s raU*d 
by tb* XUlaol* d t e e l 6a* Froa t b i s it aauld *pp*ar tbat thee* 
particular r a i l * bad baaa need to repieea othere ab iob had been 
renewed fraa tb* toeaJu I t ia probable tbat *a#h on* bad baaa 
need *laewb*r* f e following tm nana! p tne t ie* of replaeing iadirtdaal 
r e l i a wttb mmm wbiab bad b**m i a aa r t ioe aad warn to about the 
mm *ba#a of b*ed as tho** wbiab tbay replace* 

About i f e e t in length o f aaab r a i l mm fractured, fa 
tba i*ae*aar r a i l tbara wore f i r e l i n e * of raftmr* through th* 
headf ia tba oyen-teosrth mil there m « six line* of rupture 
in t b e fra#a*nta of tb* bead wblob war* mmmtm$ mm of 
• M o b ware las t* An asnainatioa o f tbo fsaetnrad aarfaitee 
•baaad tb*t *aeb Una of nature had it* origia ot tba nape* 
mmm mt tb* need, oa tba gauge aide mt mm m i l * From i t* 
i n i t i a l point *aah fraetara eatendad doinaard ftrougb tba web 
and tbo baa* f tafei&g direct o r oblique mmmm terough the 
l a t t e r portion* o f tba oraee ***ti*a* 



t h o r o l l s bjeka into relatively mmll pieet* in the 
oeet ione which were aos* the Joint* with long-©? fraiiweate l a 
tii© noro raaste port lone* t he parte of tha r a i l * eovered by 
tha spliea hart, dwo to nam. ralnfavajaamt| r« nlned totoot* 
tha fraetnrea i a tho heads o f M O B wara brittle one®* a very 
H a l t e d dograa o f e a t t l l l t y feeing displayed i a tha breaks 
whioh aero aade at tho tiaa o f tho deraUaaat* 

tha) Inner epllee t a r aao raoa* avohaa at tho f i r s t 
belt hole, froa tho Joint, la tho ana whioh encased with 
tho i o s o o s o r rati* tha Una of mpbare fearing its origin at 
tha s i de s of the **oio* tvtdeneo ̂ rasaateg by tho f i sh ing 
surfoee under tho teoaa of tho Boaaoaor rail l o o to tho h o i i o f 
that tha rraoturo of this bar wsa one of long etaridiag. 

tha aatar splloo bey aas f r i o t ^ r o t aerooe tho middle 
of it* length* eppoalta tha Joint a t tho r a i l ends* t h o o r i g i n 
of this freotura aas at tha upper sage of the her* Zto full 
development eg^eered to have tekea plaoe at tha tlae o f tha 
derell«ent« It is hollered that tha freotur* of thla her pro* 
eiplteted tho derailment, la odaitioa t o those fw*©bt>ree 
thore were taa others i a pronoso o f doroiapsoat in toe oatav 
bar* one s ta r t ing froa oaoh o f tha two spike slots in Its 
flaa#a* Of tha f o « r l i n e s of r»$b«ro d isplayed by theee taa 
Sylioo he ro , two of whioh wore in « nartlel state of develop* 
sent sad two of anion wore oosplabe l i n o s o f rupture, three 
ore hollered to hare reoahwd substantially tho state of da* 
reXopmftst i a wi-vieh they wore fouad prior t o tho deralliient* 
tha fourth line o f rupture, loca ted o t tha middle o f the 
leagth of tha outer oplloo ear, a lone being entirely aoem** 
pushed at tha b ia s o f tho derailment* 

fhe :;ro*imate eausa o f tho derails*** ia aaor lbe* 
to the fraobura of tha ou te r o p l l o o bar ot tho aiaoia o f its 
leagth* tha linos of rupture in the n i l s hoing yegms*dad aa 
saoondary i ao idoa to aad aueoesaiwely developed in oaoh d i r ee* 
tioa* eoet aad west , froa tha Joint* 

the fme ta red s p l i o a %mm wore atbaohed to the fragaeag 
o f the leaving aad of the dooaomor rail whoa thie eaaaifiatloa 
haipa* f h * f i sh ing surfaee under tho ben4* oa baa i n s i d e of 
t h i s r a i l * wao worn smooth f o r a length of 0*3/4 iaoaos f roa 
taa end o f tha pail to tha fraoturod and o f tha inner splloo 
bar* the overlapping aad of tha longer fragment of this bar* 
whioh l a eerv ioe woe attaohod to tha opaa«*haarth r a i l * was 
hold roftp#naibla f o r t h i s eno^ta oi>ot* w d oaeeeloaeg by tha 
forward eao backward wvomoats of tho r a i l ends during tha 
passage o f t ra ins* t h i s worn spot is evidenee of tho e a r l i e r 
f o m i t i o a o f the fraobure o f the inner s p l i n e bar* 

two a i res o f traok bolts weae uaod i a soottrlag tho 



spli** B A R S T O TBA 8**a*wa* tall* %mim *l*«*T*r* of 
TTEIRT**B-ALXT*ajittt» «a4 F I N O M ^ A L S E T O O S T T I A of m inobt 
s*«p**tl**ly, fa* t e l l uaa4 IB I N « 4 bal* of tba fall 
B A T T B A a&atia* A I A S A T A R . tma modi** of TFCONA *olt* A O F A ^ , 
x**to*«* I M dJanetars bj oorrooicn, tuot koalas *•*««•* tba , \ 
thU*aa&»*lxt**:»tb* inoh B E L T to a M L A I S B A & T « * T # * of 0»f0 1 

I S T B . A B A S F F rust B A T AOAIS»AFET#4 t*t***m tb* A F L I O O bar* A A * 1 

**• wo* O F TFT* rain 
ta* too* of T B * * * * * * O F ta* tail* *ho*a* raagaam** 

surfaces, du* to T B A slipping of aririog *bo«ia of O M T L S A S * 
F B * * * * * * * * *4*tal *a« tmsfm O R F O R O O D ma«k*ard *g*la*t T B A 
*lr**tiom of too *jrr*at of M R N « by tbo ally: la* of «***!• 
I A starting T R A I N S . T&* roiat O F 4***ll&*nt m& ImMm O T 
T B A A * rail* mm* Jaat B A J O S * A mtm ping* 

% ****** of T B A 8**<Mai«al aa** D « * oa tba um&* **' „ 
T B * tall* A A * T B A boat dtaeiopod b,f tbo all*Z&i* O F tbo amaal*; 
ta* M A N I A S *ur*a**a O F oaob sail bad aoqulred A stata of ©so* ; 
T R A M * herdn**** Bar***** m& bvittl***** I A at#*l «*• F A A * , , 
feuraa abion aaooavemx ©a oh atbor, aad brittlone*** of tba 
•urfaa* aatal aa* **abalaas A omtrtmatory oauaa ia T B A 
^ R O A M A G aa of tb**o rail* into ssall fr*$p*mta* fha fre*» 
T A * * * ****i*p«* at T B A tin* «3F tb* tor*llra*at I A oaoH rail 
aara prastloaily davoi* of ductility 

L O W *H*POWAD sail** R A L L A D L A l«* t ware V A E D I A 
PAIRHS* tbo ****** Aa O S A A I N A T I O A M A A A I O O F T B A © A U D I T I O N I 
O F * B * # * roll* «ft** t**y ,>*d B O O M ia O # M « A A P*rlo* of V 
A I * B T aom**** A L S O A O T I B K I N tbi* aaasoojaamt iaap**tioa T B * < 1 
oonaltloa of taa aplloo bar* ia that vloimlt** R« 

tb* N I S B I A G S » R F ® O * A of T B A S A W R A I L * h*d ooouir** 
*^**t*m*l«13* TAA A A A * R O U G B A N C D *t*t* as tb* M I L ® ami** 
BTOFE*s a *oa*itio* not ualile* tbat of otbar rail* In tb* 
n**ml*r AM mo*m T B * T A F T B O W & D A A D TMA A A A T B O W I t***fc*» 
Nam* lllaatratioa*, however, aro aat ia whiem *rlvla* V 
abaal* bava alipra* ia atartia* trelne, at atatloaa aad 
**t«* plu*at O A * * * * * * A A D *l**ajb«ra« F B O R A 1* pyomabl* 
A A R A I L R O A D W B I O H I A axampt F R O M * * « * OXA-R-PI m* 

9***K laopootloa ATSO^AD T M O r*®mnm 9f lnelpicat 
E R A O K * or oo&ploto liaoa of ra, turo la tmm of tbo apliaa 
L « R T of tb* t?^* I O A O L T O D ia tho dorailtamt. Oa tbo ourv** 
••ft aad waet of tbo p iat of dareilmoet, in tba traok oa 
M I I O B I T A O O M R R O D , tboro W O R # R * » & L I O * B A R * FIATIS^ iaoix.ioat 
O R A O K © ia dlff«roat atasoa of <iovoiop-*at or vblob dicpiaro* 
O « | I L * T * liaoa of rupturo. tboao had fioir orleia* at tb* 



gptfea «lat*# mmmmm tbeaea mmm ta tbe n*«r**t bekb 
ba i* o r «era?ietely eesmrabiag the bar* lo Jaint w*a tmm% 
mmmr9 vb lob had mm mm em* ****** mmmmm* ia*ipi*nt ,' 
mm oompioto l i n o o t ru.ture. t o o * $ § ! * * bore* on* on tbo 
mm%%mm% mmt mm m t b* «wotbon«t tg***9 displayed tn* 
olAmt ayaeic*. ***h o f wblob had i t * o r i g i n o t tbo 
edge o f t bo fear opposite mm joint **^w**n tbo r a i l * 

Tm o tn to o f internal streln* In tbo m i l t non do-
tetmlnei i n n oo r too o f observat ions mmm on oor to in o f tbo 

ift fo l lowed by banging t**ta o f t b* d*t*#b*d baa#e t 

t ea ts * * * * mmmm on 5 - foo t length* o f aaab m i l tanwa f roa 
tb* maaaakam ends, em* teat at eeah being mmmm with t b* 
n*id on tb* tmneiom e ld* and on* with tb* bend on tbe < 
nreeeion e i d o . Thm result© e r* presented i n a l a t e r i « r t 
mt mm r e t o r t together mitt* tb®** om the e ta t* o f s t ra in i n 

I o f mmmm " 

gfMu * m .SBS". m - * u . 
y a * * # 

r a i l * a f 90-pouad aa igb t i in wbiab trenewerve f t** 
*ur*s bad mm experimentally- date-loped by senna mt ^fngmemalvm 

" " "' t e l # 1 * 

A tabular *tet*§mab 1* g lean o f tna ohamieal < 
position o f tba two r a i l a laamlwat i a the derailment, 
prising determination* and* by tba o f f i o i a l * mt tb* t eU*** , 
tba** ay am in*p«*tln£ bureau, and mmmm analyse* o f 
r a i l * 



tail* be* 1. * Obeatesl aaalysea af Is*tease aat s p a a hearth yelle tavelvat 
la tat 4ei*lle*et a f trata l a . . j | 
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l y « i p e e e * t a r e l i t l 
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effleiale a f r * U * a y (0 1 .6* 
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the evtdasee anea M a t e * lee belief la faemss* that the Use af 
reytere abtab ppselyltet** tea aeraltasat vaa that af lea eatey aplles 
f̂cê ej' *^JP^ Jtfk (̂fc Jtt(lê ê̂ (ŝ (lf ^̂ JpeWsflBê p̂Ĥ *̂ v̂ fc êlfti •Jlfcpft̂ ĵrtŝ lMKpP'iO ŜHfiypr̂  3e^B^^(^^^^Ss^e^(^ ̂ Wrffee^ 

f̂cey* êjpjfĉê  iê fc ^̂ â̂ JIBfcŝ (̂3ê î(̂ *̂  êlWPe?̂ ê (̂fĉ â ^̂ l̂ *̂̂ ŷ  B̂ê ê Pê  ^̂ fcê fcl̂ ŝa ̂Hfĉ J ê̂sŝJJ ê lf̂ ô p̂  3l|fi|̂ Jfĉ fĉ *̂ Seŷ (̂  ̂fĉfl̂  

b e e#vslsM>a» e s e d a tter f s S i lists aas a M N u u u B * i * t * t a b saw N a m L 

Obea see featave t h e svtftesea la eeaelaatve* aaeslv* that all fieatutea 
t h e a a s h the haaaa s f t h a M i l s hs* taste e a l s l s s A t the m s s l s a sasifhiWiwii 

fin I h s i e m s thst tbes' stsstsA at tha nsrnsi sf the baa* a a the saaaa 
Ĵ V̂ P̂ P̂ Ŝ̂ * 0̂0̂^ ^MMWe^ e^e^sva^ B̂Ke?̂  ê PV̂ ^̂ ô efllPê  ^̂ (̂l̂ pv̂ *̂ pĴ P(J(pa' ̂ ê M̂ê eb̂ a1 ̂.̂ *̂ (.WB̂  f̂e*̂  ê̂ ê p*̂  *̂̂ p̂WB̂ ê̂ p5P̂ Nê  
*kAp̂ h*aaHej*k̂ l *da*k a e*suaA >^^k*^^t wNhaa el̂ eawabifceaabek âdl̂  4t9a*h jMhA^eea Ae&K*>au* 1b*haa 
p̂̂ P̂̂ p̂ ê eb*̂ Sf̂ * V»̂ e*f ^9 ̂ bhBNP^P jP(p9a*es>pP'*v avâ Her *• eTsPiOPTRsbê eJ aflp *^e^^ ^P^a*^s*F P̂Ŝ sbeJeŷ p ^n^R^T* ^^^9 

yaev̂ niaty r e s o r t s * , ha* Ita evi*la at Its aayar et*t* 



ttader mmm Hmm»%mem§ all o f tho fraeturaa 
aariaf e tarted at tho t o o amd mmmmm mmmmm* it would 
ho la ferred tmt too Initial lino of rupture would toko 
floo* ot ft point mmm too tmm nomelly io tha weakest * 
that iat o t tho joiat batweea the rails, t o l a treefc already 
having a mmm mmm afliao bar, taa sfcreagth at taa Jolat 
would ha that of taa outer oar oaly» fa* aootloa moduli** of 
ê̂ M̂Ê  L̂ fî Ô  ̂ ^̂ fê P ^^^o^'QSk' ^̂ B̂̂ â aĴ Ĵ  ̂ Ê̂YFIFĈfe ̂JŜE* ̂FTJLMFÎ  3PBK3L sar â  '̂Ĵ B̂3̂ B̂̂Â@̂P̂fî' t̂eUSMft ̂SPĴFIŜB̂â  
oat pi©** l a taa traek mmmliy would ha a t t o o joist. Aa 
Ê â 3L̂ l̂ '̂aâ 3ai •a»̂J9WÂ  A3̂F eflê L̂ f̂cMfcSWâ  f̂t3LJMPPB̂ Ŝ HP̂ B '^PQWlIlr^S ^̂BE5FC!O* 5L E«̂ 0̂3P ̂A% , 8̂fĉ eWBaV̂ eâ (fce4 

loos l a the strength a f the reilt m m eaaa^tloaal etreea 
atom the r a i l not tr&nemltted t o too Jolat* 

two epiiee aavm i a the track l a that vicinity, d i e * 
flaying insistent omena a tar t iaa tsm mm top* foralahaA 
oano*ploa o f thia earner o f failure aad ehawed the probability 
of failura at a |olatt la taa mmm wltaaeaod la too outer epiiee her* Itothaiasore. the roeulto of the mmmmmm t es ta 
om mm two relit aha*** great** streo^th thea the **tft»t o f 
mm oaf ia* would o* expeeted to mt upoa thaa. Mm eooeeeory 
lafluoao* waa found whioa would adequately aooouat far tho 
JFCAÊê Ê̂JâÊfo* ô fft̂ c *êS(E5̂ â  f̂it̂fe ^S^e^B^ 1FÊ|I3SW(̂  ̂ S^e^ â̂ K̂Ŝ &̂Ĵ l̂SSHBBÊ B̂  €M9'̂ ŜKJ?'3P'̂3B̂JK JLa*> B̂fĵE5̂M(HF 
fail* 

to other instances wtf**l mmm mm mm witaeased 
waloa have induced the format ioa af ajieajmel ereeka pemeftrat* 
lag tha atetel of tho head a auffioioat death to eerlduolr-
in$aly tha atraagth of the r a i l . Sua* depth o f paaatretioa 
waa aat roaotiwd in mmm r a i la* tt mm mt mlmm that aay 
eraet had oitaadod beyond tho mm of aard^aod aurfaee tgetal 
la the fraeturee whleh wore sada at th* tlta© of tho derail* 
»atit» Xa taa a*»aewaat esamiMtioa two fraottiroa were 
developed la which taa mmmm had asteaded into ta* e^raai 
ŜŜ B̂ ê ^̂ âV 3̂̂B3îĴ^̂  v̂̂ ê t̂ B ^̂ Ê̂3F̂âe?4Ŝ^̂ (̂i Ê ^̂ K̂̂ ê ^̂ â Ê̂ ê Â  of̂ B̂ Htâ l̂̂ â â ^̂ ^̂ i ajô  ^̂ Â̂3K̂ ô̂ $̂̂ â Â  ô̂ ê t̂ ^̂ ê fcê  f̂ilâ^ 

It would proooat very dla^uiotlaf ooaaUtloa* if aai* 
toa&oaalbillty for tae doreil^oat ahould attaoh t o th* atato 
o f the r a t i due to the alippine o f the drivisfi wheele* thar* 
ar* aeay raila ia taa traok9 aot referring to aay parti oular railroad, la a condition oloaoly rwaae&liag tho** wttlob broke 
mmm t r a l a Mm*. $1* t m abort la ter*®! o f time la whloa mm 
r a i l * o f 1016 rolling f uaod la mk&tg rapaire te t o o brook, 
hat* acquired fiufeatar.il ally th* outward aa?earaaea of tho 
raila whlati tore** would add t o ta* aamleby atteeeiaa: ta a l l 
auaa raila if thia responsibility mm eat&bliehed* 

Wheel presaurea affeot a ©haoge la tho phyeical ?rope.v 
tie* of th* mmtml at tha top o f the r a i l * eauaiag b r i t t l o a e o s 
to bo m%mm whom tho rail la tested to deetruetl®»t wbet&er 
or a o t wheel bora* era mm* these influence* toad toward 
ultimata ruftura of th* ateelf but It would bo a aorloua matter 
i f the aaxtpji la atraaffth above ueual working load* waa fouad 

http://fiufeatar.il


to be i» e a i e t e 2 y destroyed by mm mmm* Effort* t* •**> 
tablieh th* gravity o f th* *ff©ot* of wheel* whioh have 
*U|p*4»jya i^inageth?dli»orlaln*U^ fceTJoen t t ^ i S T 
f*r*at phase* o f * eomnam mmm o f Injury to which roil* 
o r * exposed* I t would h* d**lr«hl* to ovoid tn* *lip*dmg£ 
o f «b**l* *lt*g*th*r if it mm po*aibi* to do so, out it 
sweet* lBpr*etiaebl* to prevent euoh occurrences* 

A distinctly may h* mm between th* s l ipp ing o f 
* wheal om om* spot, without adveaoe aovaaaat, ana slipping 
which mmt p lace whom tho t n in l * Im n o t i o n , hut mm th* 
peripheral *p*od e f th* wheel i* greater then it* rate of a*> 
rem*** Th* e l ipning whleh o*ourr«d om th* present r o l l * took 
p lne* f for th* ?ao*t pa r t , when th* trnin* were in mot ion, 
Th* s l ipp ing wee gen*rel ©long th* en t i r* length of *eeh m i l * 
f r a i a* rounding curves present ememple* o f wheel s l i p p i n g , 
owing t o tli* d i f f e ren t* In th* aggregate length o f th* two 
sides o f tb* graea* In * strict eon**, *eoh o f the longitudi­
nal element* am tha naming surfaee o f the fcee© l * exposed to 
slight effects o f t b i * bind, th* rv la t lon* between the head 
o f tha r a t i emd the tr^ede o f tha wheel* being such ea they 
a r e , 

Tha l a s t remasfe tele** the subject i£stter quite a dia-
tanoa an^arently from th* mmmlm furnished in th* present 
ra i l** Betsreveif, tha e f fea ta o f wheel pressures whether re* 
su i t i ng i a wh*el hurns* d rawing o f tha ******* eat*!, effect* 
lag a general hardoaas of tha s t e e l in a sane next the running 
surfeee by aeehanieel a**me along or together with thermal 
ehemgea, and the introduction of internal strains* a l l h*loog 
t o th* *em* olaas o f jAeaamaaaa* Thar* a*y b * dlfferenoea 
in degree i n esoh *g*mpi*9 hat with one mmmm ieaieftey in 
ell—that i « , e d**tru*tiv* inf luence oa th* in tegr i ty at mt 
r a i l * I f not tna uria* onus* o f rupture la any given r a i l 
they amy h* aantrihutcry to i t s failure, and introduce eon* 
dltion* e&ueing greater destr^otivenes* o f tr*o*i and *^ulp*» 
m«mt whom * d*rella*at doe* toko pin*** 

Referring t o the examinetlom o f U n a s m i l e * figure 
He* t show* tea epp*er*n** o f tb* fractured port ion* o f tb* 
B**a**ar aad tba opem-he&rth r a i l * aeees&led and photegre-b*4 
e f t * r tb* derailment* The out snows tbe rails viewed fro® 
t b* eataide* The moment* w«r* numbered from 1 to 20. in-
o l u * i v e t In tba direction tbe t ra in worn moving, fragasmt* 
i o a * 1 l a 10* i n c l u s i v e , repro**nt tbe ruptured parte o f tba 
Bessemer m i l t Se»* 11 to £0 , inolueive* those o f tb* opoa* 
hearth r o l l * Fragnant* o f tb* l a t t e r which ware not reeovered 
aeeupied tbe open apace between fregnaat* 12 and IS, eovering 
a length o f r a i l a f about z fas t* 



f*m»**-ttw*a fm% amd U taoma* of tba r*e*iYin« on* 
#f tm* aaaaamar rail regained l&ta*t, and am feat amd f 
taoha* o f the loaaiag and of too ©p*m*h*arth roll roaaimad 
unbroaaa. leom dlaplay** bfittl* fraatara* without appr*-
eiable sofolo^omt o f daotility. A m * * mmt tbo di**©tiaa* 
t*St«m by tbo aaaaral llaoo o f rupture through, tbo head* o f 
t bo ratio, oil o f ami** ******* from tb* top o f tbo h*a* am 
tma faas** aide, tma r aeiviag **** o f tma t o a a n l fragaamt* 
war* battered at tb* ooraora of tb© ramaiag ®arf*oe* tha 
baada of ploooa * oad a, at lino of raptor* «rk®d *, wera 
bettered amdwiaa* la addit iom, tma warn a f pi*** § © * § « * * am* 
oat by um» aad blow wbiom it raaolvod* the** bat tered aur-
fa«*a did not fit t o fo tba r *«llt abo^mi tma effects af im* 
a*i ****** Wbmm apom tbaa* tm* aaaa* war* oa t disturbed im 
that dammar, aad f i t t e d together wall* 

faa cuter epllo* bar fraatwra* from too t o t , aapoelta tba 
Joint mark** with tma lot tor 9, am incipient oraom 1* *boam 
im t b* flams* be twees tba s IJce *lot amd tm* mtddl* bolt* 
There mm a oraoH alma i& tma ©thai* balf of tbla spliaa bar, 
begiaaia* ot tma apt** alot amd **t**a*ia* mmmmm taa flange, 
ta* lmaar apli** bar wa* foam* raptor** aoro** tba fir*t malt 
mala, at tma laft of tma Utter X* 

fba 11a* o f rupture o f tma outer apliee bar , l aaa ta t 
amdar tma lottar 9 of tma out, la that amiom ia b*ll**a* ta 
baaa beam tba initial line a f rupture wblob proolpitatod 
tmt* derailment, tma inner *plioa oaf baaiag aaaa ruptured 
rior tb*r*to. tbaa* mar* are «*** Im aaap*mdad Jatmta* 

Figure Mo* 8 1* a view of the l**aio§ omd of t b* leaaamttr 
r a i l , mm ffem tb* ia*laa% with tma ftaatarad half of tma 
imall* aplioa bam Im poaltlom, bat with tma bait* rawiaad, 

tb* amd a f tm* rail am* tma fM**uf** amd of tba ap l i a* bar , 
a l*mgtm of * 8/4 laabaa* flgara So* * la a flat of tma 
mm f rapaomt with tma eplioe bar wmmwm* aaowtfi* taa wall* 
defined l i a l t * o f tma worm aarfae* aad«r tma head o f tba rail* 
tba oaarlaaplae amd o f l a ta ba r , ettaehed t o tba o; ©a~ha«rth 
.rail, aa* dotsbtl*** raapamaiblo fay tm* appaaraao* o f t b l * 
•meat* araa, amtam represented tb* effect af a l aag l t ad laa l 
rubbia* mmm&% of tbaa* part* against mm other* 

The appaaramaa af tba thra* b o l t * ramaaad from tbia ami 
o f tma Joint la ohoam ia ngara So. 8* tba original dlaaatat 
o f tma aad b o l t wa* thlrteem~*lxteeath* of am laob, *Mam 
waa roduood ta 0#*0 imam diameter a t tba siddl* of tb* length 
of it* body* tma other balta war* fift*om^*i*t*aatb* of am 
la*m im diamater* Ruat bad raduea* thai* bodlo* ta * leaser 
d**f*a* 



f i g u r e So* 0 allows and wiew* o f the m a t u r e d a p l i e s 
o a r s , t o o f i r s t f igure oa taa l o f t ropretants too inaar 
s^lloa bar* whioh no* I t s H a s o f rupture eeroee the f i r s t 
b o l t nolo* The mm% figure l a tho out »hmm the fraotura 
o f the outer s p l l o o bar* l a the ha l f whioh wao oa taa ©pea* 
hearth r a i l * A crack o f l o a f standing agisted l a tha flange 
of t h i s h a l f af the bar* shewa by tha dayteer por t ion o f tha 
oroae s e o t i o a . The l i g h t e r por t ion o f tho fraeturea' ourfaoa 
represents tha fresh por t ion made at the tla* of I t s examine* 
tloa* the th i rd figure o f the out shows tho appooroaoa o f 
the ou ter s p l l o o bar whioh freeturee a t tho aiddle o f its 
l eng th , the f u l l arose amotion o f tha bar at t h i s p i s e s 
was fmob^yed at tha t t a s o f tho dersllsseat* t h o fourth 
f i gu re o f tho out represents the ifioiplomt f roobsre shown 
at tha apifce alot i a f iguro » © • t* eaapietod at tha t i aa 
o f I t s eaeaiaat ioa . 

Figaro Ho* 9 io a wgaw o f tho raaaiag aurfaoe* of taa 
two r o i l s * tha shor ter fra&aeat represents tho top o f tha 
head o f tho Bosseaor r o l l * taa longer fragment tha open* 
hearth roil* The sppeafaaoa a f tho ruaalag surfaee o f eaoh 
rariod from p la te to ?Ueo« f a general* tho Bessemer r a i l 
showed tho aora dooidod aurfaoe l ia turbwioe of tho ratal* 
tha otionga i a shape o f tha oroso soo t ioa a l s o m® sore pro* 
aooaoaO i a t h i s r o l l than l a tha ofoa*ho&Tth rail* A f i n 
had been foamed along the outer edge of tho hood o f oooh 
r a i l , representing l a t e r a l f low o f tho aetel under tho aa* 
t i o a of t ho wheal loads* Other r a i l s in tho trash l a t h i s 
wlslnlty* remaining i a t o e t , ohowod tho formation o f fins 
along tha outer earners o f t he i r hoods $ eoao of whioh were 
wore pronouneed than those witnessed l a tho fractured rails* 

figure f e * © i s a wiew o f pleeaa of the Boaseaor r a i l 
and s ee t loa o f tha ou te r s p l l o o bar a f t e r banding t o o t s wore 
m d s upon thaa* Bonding t o o t s o f tho hm€$ detaohod f roa 
tha wob and with tho maning ourfaoa oa tha tonal on olds* 
showed great brittionoso* % o a hasting tho astsl to a low 
rod heat a por t ion of i t s toughness was restored* the base 
sad wob* sad a detae&ed strip f roa one o f tho flanges* 
displayed good bonding proper t ies , tho ssetui o f tho ap l loo 
bar wao shown to possess t&taghaeas where a«rwioo 00editions had 
a o t induced a b r i t t l e fraaturo* 

Figuro t o * 9 i s a view of ^srto o f tho o^oa*h«arth r a i l * 
Th© toot o f tho deteofted head m» dlsooatlnuod before roaoh* 
lag i t s llait o f rupture* tha wob and booo shewed food 
beading ^ repor t loo* 

Figure so* 10 shows the appearaaea of tho top o f tha head 
o f tha ©pea-hearth m i l * magnified 0 diemtera* tha darfc gyaowa 
aoroas aha figure represents a saw out made in the ssaplo 



•IS* 

lengthwise the r a i l * fhe m%\gmnm metal mmr th* mmm 
&t tm mm* m mt mm* •*•*> ts mmm on nm *i«ht aid* 
of the lllustratloa. 

f i g u r e I o * 11 i s m enlarged view o f a part ot tim 
hem m^m i a illustration So* 10 a l t a r g i v i n g tm mwtm* 
a alight po l l ah. the JcasMflamtle* ©f m i s i l l u s t r a t i o n 
ia 13 d i sas ter©. Stga*raua thermal cruetes ara shown sue 
t o the slipping a f m a wbeele. taa *;*tel auporfieially 
reached a temperature whlsti resul ted l a tho b*Yd*miag o f 
tha s t e e l through tae eomematlvlty o f t o o «9Hi below tiie 
surface , then* taasam* ormolu gafieijmted th® top o f taa 
r a i l la vmryiaf de> the* soldo* oxooo i i ag oae»slmteettll* 
o f aa i a c h t mM general ly osmf 5 ao4 to taa hardened *oa* 
o f atoel* 

f l gu r* So* it ia a photomicrograph o f a eeetloa Joet 
below the running aurfaoo t having a Tagalfleetion o f 190 
diissetara* t he up^er name* nearly un i te la th* e»t» 
represents the aaaa o f glass bare s t ee l lamed l a t e ly below 
th* aurfaee o f the aaad. f h * Urn eeretahed aoroa* the 
aosn i l metal m& mm vim the point o f a aooala A mim 
would aot eeratea tha bardanod rcetala 

Figaro So* i s * p fco t^e rof ro f ina A aad » * mmm mm 
attuotura o f se t a i i o one o f taa r a i l a which war* attbioatei 
t o progress ive gagging, l a mim a transverse f i e sure waa 
eaperiifteotally developed* **bere ware X».e09 revereala o f 
t h i s r a i l i a the e g g i n g proas, equivalent t o 90.000 blow* 
aa a f u l l r a i l length o f 33 fee t* tm §0i§iajg was mmm 
severe than required in taa usual straightening o f r a i l a 
f o r s e r v i e o . So evidence o f a change l a the miorastraotur* 
duo te the tagging was d iscovered in the oroaa aoo t ion o f 
thie rail. 

f aa s ta te o f in ternal stralaa i a taa natal mm tha 
ruaniog aurfaoaa o f th* Boaaaaar mm tha Of*m*he«ytii rail* 
waa ieters&nedft. taa reanlta o f which mtmm m fignree flea* 
14 and IS* The r e s u l t s entered oa f igu re So* l i anew th* 
internal s t ra ins l a th* flans** of those rails, each eer ie* 
o f results being converted into their equivalent stressed 
la pound* per mm»m Imam. Gauged length* were es tab­
l i shed oa taa r a i l s whom their s ec t ions ware iataet and again 
observe* wham the indiv idual s t r ipe war* detached. Measure** 
aoo te o f th* gauged lengths es tabl ished on the heads worm 
successively obaervad ae jMrtiemi o f tha oroaa s ec t i on wort 
planed away* 

the internal s t rains* o r attmea** as they ar* r a ^ r t e a . 
raproaant the obaagaa i a leatthn wfelea took plea* along taa 



•14. 

par t ieu lar elements ©a whioh tho gouged lemjths wore loo&ted* 
t he* the OobaehaO strips wore roduoai t o o aa*i**B thlohmooo 
the ©train* releeoM roi»rooootod substantially tho eta to o f 
internal S T R A I N wMoh existed i n tho intact r a i l at lie 
periphery along those elements, There in a progrea&iv© varia­
t i o n in tho -agnitu&a of tho internal strains In d i f f e ren t 
parte o f tho ©ross seetion* f roa o ioaea t to element* Tha 
s t ra ins ©oa^oaly vary I N eeae degree in tho thin stripe whioh 
are deteeaad* whenee it f o l lowo that tho reported result* 
are so ldo* mmSmm waluoo, hat represent *pproxl^t**y r?mm 
values . They understate R A T H E R thorn overstate fcbe m^mm 
i n t e n s i t i e s of tho strain** 

Average values are aot sought in those determinations* 
hat inoldomtol ly they are unavoidably, obtained* olnoe tho 
dotaohod ;itri 3 m o t have oor ta in mints* djte©aaie»s to admit 
of proper m o h i a l n g sad the totoynol ©trains r*oy vary with!* 
tha Halt* of their eroea seetlona* 9b* intoru&l ©trains o f 
tension aad ©oapwioaiea balaaoo oaeh other i n tho full oross 
s ta t ion o f tho r a i l* henoo tho average value f o r an s a t i r e 
r o l l i s aero* 

Tho suoeess ivs OTM&agea whioh tote pluee aa tho areas 
seetloa o f tho aatol i s roduood o re indexlaal o f the vary* 
lug values of tha internal strains which wore in that part 
of tha r a i l* These ebsit§es wore oboorvad l* dotnohing tha 
iioads aad tha upper parts of tho mho f r o * tho hmm of tha 
two r a i l s involved i a tha 0*r*ll&**t* The result a oatorog 
oa tho severa l amotions o f figur* *§o* 14 ahcw tho value* 
o f the sty»l»* «hiah wore released at Intermediate e**g*o 
A N D i a tho f i n a l state of tha maminMm of tho ttesiaoaer 
rail* Tho f i r s t reeamaareueat m& » d e whom tho roll w i 
out apart along tha wob* N E E R the aemtmi axis* At this 
S T A E E * thoro we*, a a l igh t inerease oa eeeft gauged length* 
Hash subsequent roduetlon i a d$e%b of tho head resulted i a 
tho roleaao o f addi t ional mora-ants o f length* tveota&ilw 
tho s t rain* wore equivalent to a etreae o t eoapraa^ioa o t 
19,500 pounds per ŝ gaer* iaeh* tho atrip t an havto. boom 
roduood to a tbioteeaa of about ano*f«irth inoh. tho f i n a l 
results ore ontarod oa the full eroea eoo t ioa of tho roil* 
tho shaded portieao rof rasoat iog tho ores* of tho strip f roa 
tho bead aad those of tho floases on whioh tho * * e*URWBIENTG 
ware swd** 

Similar mmmkvmw&%® wore and* on tho head of the ep*** 
hoarth r a i l* tho roaul to of whioh are out«rod oa figure *o« 
lOt Thio rail in its hood had not eequlrod atrains of so big* 
a value AA tho Booaottor r a i l* tho umxlaum valuo displayed was 
10*100 pounds par square inoh ooaproosioa* 



Oa figure H©« i e at* she*** tb© internal atreeaaa la 
tba raaa&a* a f thasa taa f a i l s , tataa at plaeaa oaer tba 
t i a a aad batweam tbaa# Tba aaauito showad widely dlYcraeot 
at* tea af straia. Xm tba Beaaeaa* t a l i a mm&mm valaa 
a f 19,000 paaaAa ©^aera iaam ©o©pra*ol©a aaa foamd, amtl* 
ia tba opam~haaxtm rail tba fcigheat stroma of tba present 
aorta* «ao displayed, mmmmim ** 81»§$® ;o-onda p*» sQuara 
laob aomsreasloa, these asslne* vara ptaaam* ia tba ^or t ioaa 
of taa flaagoo abiob roatod oa tioa« Hialiaaa aaltaee ̂ ertaiaed 
to taa atrip* takam fit* tba flam*©* bataaam tiaa* la tba 
opoa-hoftrtb r a i l tba ***** **at* a f oompraa&loa i a tba f lean* 
**• rawer*®* to a at*** o f taualoa i a a por t ion o f tba r a i l 
located between ties. 

faa influences ara raopoaaibla f o r a modification of 
tba otata of otrml* ia tba bate* of tbaa* rails, t b a ml la 
yrcsoated amooim aarfaoa* amara they rooted npm tba tie* 
platea, while tba flange© aara boat upward a t theae plsoee* 
The aaaotb hasaaorio* of tba base would toad to oodlfgr tba 
ialtial otata o f strain, abila ^©raamaa* bands rooalaod by 
tba fiftii oa would li&awisa disturb proaxtat iog strain** If 
tba satootb**** of tbo bas* aa* eaqulred throifcgh bra a ire 
ao t ioa aad n o t by h*a©*t$sig, © d i f faraao* la tba results would 
ba lookad fa t* 

The aaatloma of tbaaa mil* available at tba Um o f 
tba ewaiaat iom aara iaaafftaiaat ta salsa further obaaraa* 
tiooa oa tbo ratatloaa bataaam taa portloaa of tbo flsagos 
over tiaa amd bataaam tbaa* 9ba porta examined wore ia bad 
order, im ooaeo^aao© either of i«ra*aemt boods roooiaod 
a t tba Um ©f tma derail aat or p***i*«*3jr ao%airad durlo« 
aaraloa ©audition©* fba lam* aada o f aaob r o l l , subsequent­
ly itaapeated, at*©*** similar surfaces amd fl &&>;** miom wora 
***** bat tba fiaagaa ©bowed iaao distort!oa thorn ait****** 
ia tma fragsaata whlem aara exmalaed* 

fba Baaaamor rail displayad tma higher internal atr&ima 
im tma bead, tba ©p*m~h**r*h r a i l tma higher luteal atrmia* 
Im tba be«&*» f a a iaflttaaoe o f u*mao**i amtaaadamt eonditl a* 
raiidora I t uatmrrtmtable ta attempt ©xtaadod Mu*tioa* from 
tbaaa few f**ul**« I t la operant, however, that internal 
strain* attaia fa laa* o f grea t sagaifeide im different parte 
of tma length© o f steal rail*} that wida aarUtiua* tray 
em*ra«t*rlaa tbaaa values im tma sent* part* of tba rail im 
different -arts o f its **«•* emotion; tmat service aonditloma 
Influence the** result* aad ara responsible for oortaim **> 
r a t i o raaal t* not gr*vaaem* ia maw rails} and, f»rt!i*Wfar*# 
it ia believed that thee* pmaaosaaa boar definite ralotlooo 
t a or ara praataraaro t o ultimate ropta** a f tbo natal* 



brokea^ettd^1*?6tho ******** m m m % ***** m^l^m* 
subjected t e transverse t e s t s* Tha r a i l s vara pleeed aa 
auports 24 inehea apart aaa loaded at the a idd la a f tha 
apen«' Oaa aad o f oath pieee aaa loaded aa tha head up 
t a taa eepaeity o f the testing weehinat lOGpGO pounds* The rails were then reversed end leaded oa the other end, 
applying a load of 140.900 pounds oa thahasa* Tha reile 
ensured theae t e a t s without rupture, laeh pieee asemireg 
a peraaaaat set, ranging from 0*04 t o 0*00 tnoh* 

the t o t a l weight oa the d r ive r s of engine He* ep80 t wbiab 
aaa a f the type, waa 103,500 pounds* Sternly d i e* 
t n t m t e a t h i s g ives a wheel load o f 88,8*0 pounds* The died 
metere o f tha feiviag whaelg ere f t inches* from the abew* 
moults it apptmra that each rail sustained without f raotura 
a concentrated load nearly four t l aea the wtseel load a f the 

its^Wl^ ^3S^f^B^ja^r^(p^i^- L̂<sjt 'tfê Ĵ B̂  î'̂ B'3a?ft̂ Sr3aJ@8̂ Ŵ k̂ fcf ̂p 

f l p t r e e HoSf 17, i s , emd 10 shorn the s t resses mmm** 
ponding to the s t ra ins in three mile whleh were p rogress ive* 

Pbotosaicrogr&phs e#paariaa im another smrt o f t h i s report 
r e f e r t a oaa o f these mile, mbieh was reverend %$m*% tUsaa 
in the gagging f rees* Tha seeond r o i l aa* reversed l»deS 
tlaee, mm t o t a l nomher o f slews struck per f u l l roil length 
baiag 109*000* fba th i rd mil urns subjected to tba soma 
, recess o f gagging* tbe eaeot number o f blows not being toowa, 
but e p p r o x i K a t e l y the mmm aa in tba other two* Arrows 
am taa eyeae sse t tone indiaata tbe dlreeticne in wblob tba 
m i l e ware l a s t beat, pater te this emaminatioa* 

fba internal strains ve r led socord lug to t b © d ls tenea 
o f tba elements from the neutral a x i s , show© by tbe detected 
otrl' s easuming curved shapes* fwa values o f the s t ra ins 
are entered oa tbe outs f o r eomeef tba s t r ips* fba higher 
values r e f e r to ehef^meaaurements, tbe lower valuee wham 
tba s t r ips ware foroibly e l d straight* The restiits on the 
chard tfmasurenemta mm nearly impreaant tbe in ternal s t ralne 
o f tba surface sietai than those based upon tbe stmigbtaned 
stnps* 

It w i l l be noted tbat tba in ternal s t ra ins in tba 
•trips token from tbe taps of the heade o f tbe f i r s t and 
second rails warn o f tensions tbet l a , oppos i te i n direction 
ta tba l a s t overstraining load* Tba m s i l l e n e e o f the rail 
mm the overs t ra in ing load i s removed mmm t b i s r avemal 
o f s t ra ina in tna e u t e i d e f ibers* fba f i b e r s oa tba earn* * 
preaslem side o f tbe m i l acquire a s ta te o f internal 
tension, while these am tba tenaion a ide seeaire a atata 
of eoapreeeion. tba fibers neerar tba aautral anis, wbi< a m sat omrlaadad, aeintala tma state they worn ia while 

developed tmneverea f i s s u r e s * 



* i f * 

the bending loot »II acting em the rail, Thie *npleim* the 
mmmmm i^radsa of flbar* st the mwtmm em the mmmmtm 
eide ef a bemt bmr cliopiayiii*; iaterttal strain* ef tenet©* end 
mmm em the teneioa side a state of eompreeslon. When such 
strips ere detoohed they dm not tend to straighten themselves, 
but Inoreeee their curvature. 

Tho iaternel strain* ia the aggregated rail, after 
normal cooling on taa hot bed* are given in their equivalent 
staasaa oa figure Ho* SO* The otraine were aot of unuaual 
magnitude, ahowinf s u b s t a M t l e l l y the range whioh ia expeetet 
ia raila of a # » » I composition, of thla matght and aeatiom* 

^ faa inltlal^palnt of ̂rupture^ia the treok wes^eot re* 
attending tne^r^laaat, nor l lapi*r«li on^e'f^etwed* 
sntfaoaa of tha broken raila* Tha Initial pointe of mm 
ladlviduai lines of rupture ware c l e a r l y mmm* but without 
aatabiiahing their order of i^uamem* 

Xt ia believed* however, taat taa t reek failed f i r s t 
at tha Joint between tha two rails* structurally the weakest 
place amdey normal conditions, amd wMoh ia this oaae waa mim 
normal atrangth. Evidence om the flaming surface of the Sea* 
mmm rail proved that tha inner a l l i e n bar mm broken prior 
to taa derailment, leaving tha mint with only the strength 
of th* outer bar, a t tu* tha ou te r bar Itself had two in*** 
pamdamt oaaoks im it prior to thia occurrence* 

Subsequent inafootlom rwveeiee t§ crooked aplioe bare 
in taa track in this vicinity* repreeeuting incipient or 
complete lines of ruftur* having their origins at tha apUs* 
elats, end two tracked bare, ana in tha eaetbouad and ana lm 
tha wastboumd treeks, having eraoks starting at their upper 
edge* opposite the rail end*. Figure So. SI show* the appear* 
ana* of the halves of the outer amd innar bars union war* 
over the Bessemer rail. The location of a spike slot in cloaa 
promisity to a bolt hole undoubtedly makes a lino of weaknee* 
at that plao*, and th* general display of oraokad spiloe bare 
is tha traok la significant of leas atrangth at the Joints 
thaa^aonditions ©all for. 

faces of theaa^r^fle^^^ 
th* aff eats o f th* eUpplmm of driving «a*eia upon it, thla 
slipping conning sufficient beat t o raamit In the formatlom 
tin* therml araoko divided tmis hardmme* metal into amaU 
areas. which did not, however, penetrate taa rail d**per mm 

8ffimW8t 
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at taa) tic* o f ta* dorailsioat* aor in tm* *«***qy*mt a*« 
am&mattam ameap* im taa ***** af aaaa* em*-el#ittt imam •***« 
mrnila tmi* depth a f peaetratioo mm mat sufficient ta weals** 
ta* maU below tma strength required t a eappor* tma trala 
3̂ B̂̂ââ*̂  ̂fetâl̂  ©Sfe3a>fêBPl̂êl̂LCWea- ̂ Stf& V̂ ^̂ Î WB̂  ̂ 'femâ&SP̂â^̂n ̂ î*̂fti(8*̂£eV ̂ŴQftjJb̂J ̂âŜ^̂Wyfcm̂ p̂̂P̂ft̂ ŷ 
east** amam a reduetioa tm tma atmamgtm a f tma t a i l tb*t f a u n * * 
tnm thi* oataa* woul* aitiaately faamlt aader normal **a*ltlom* 
a f traffio* Shot it did mot do so om tula oeaatdaa doa* ma* 
leaaem tma **».*** vMem attaoda tma fa rmt iom of tber el mmm* 
Im ra i l** f 

f o o t * ware mad* apoa tm* remalmia* portloae o f theee ra i l** 
ia^wmtom tmej w loaded a i m l|̂ g* poamd* amam om a id 

a alijm*11 ŵmmmT'***?r
 f a t * *a***»*f****^^ 

four t ime* tma w*i§m* par driving «%**! a f tm* em*ima *bl*m 
aa* imvalvad im t*l* aeeidemt* 

tm* **»e**l ̂ eajmeaa o f tm* Joint* am* t b* pteaomd*** 
eaee im a t reogtb o f tm* tmi)*, aa ehoam i a tm* t**tlm* aeemla*, 
Jaatifle* tm* eoaalaalom tmat tm* lEsuediate aama* of tma da* 
railiaamt m * tba weateee* a f tb* •pile* mar* a t tba Joist betaaea 
tma two rail*, amd tma fraet^re* o f tma r a i l * aeeurr** l a t e r 
ami war* laoldantal ta tb* IstMai ***** a t tma Joiat. 

tma mamaraue r a i l * at tma pt***mt time im railroad trae* 
wmiam bat* tba oataaf* a^p*arait** ptaaaata* by tbaaa r a i l * 
would tsafce tba quaatlom of safety oma a f vary grave ooaearm* 
i f tba aar*im ia etresgth of a r o l l i * iaa** lately lewora* 
ta tma danger Ifcait by tbo * U p p i * « o f «ti*ole apom i t * ffele 
ssattar i a oma o f aaom iKportamo* tmat further inquiry amaal* 
be mad* imta tbia mmmm defeat acquired by r a i l * im ta* traat* 

maepeatfully ambatittadi 

S* ** BEUIAP, 
Chief, Bureau of Safety* 


