INTERSTATE COMMLERCE COMMISSION

REPORT OF THE CHIEF OF THE DIVISION OF SAFETY, COVERING
THE INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON
THE BALTIMORE & OHI0 RAILROAD NEAR QUAKER CITY OHIO.
ON FEBRUARY 20, 1917

Npoust 20 1uly

Tothe (ommssion

On Februaiv 20, 1917 tlete was a Jetailment of o passenger tru
o the Balttmoie & Obio Rauhowl vear Quaker ity Ohio whach
tesulted 1w the death of one cmplovee and the mmjny of twoe pas
seligets  two tathwas-mal cJethe one cxpress messenger  and onc
cemplovec Vtter mestigation as to the nature and cavse ot thie
acadent I heg to wubmil the follow g repoit

The tran v olved m s wordent was wescbound passengor LUarn
No 3t consi-ling ol one combimation mad amd cxpress cuoone com-
hinarson bag2aze car and coach one coach one combimation codch
ind café car vl Padlman chan v Ldelnde, all of ~teel conisaae -
tion bauled by locemotive 2417 nud was v charge ot Condadcton
Tausl and Eongincnian Flovd Tt passed Sehich, Olno at 1031 a m
Fooantdes Tite pasced Rldon Olio at 1137 v w7 onnukes late
and at about 1139 a m wos derled at a pomnt 16750 feet cast ol
Quaker City whach station 1= 16 mile~ west of Eldon winle trnvel-
me al a ~peed of about 13 mules an hom

Mter deratlment the engiue 1an on the roadbed aboun 100 teet,
tined over to the south and eame to vest on 1ts left <ide at an angle
of about 15 degtces with the track with 1ts 1ront end on 1l 10adber]
The tender semamed coupled to the engine and came to rest on 1te
right side at 11ghi angles with the tracly, with the rear end farthest
from the track The combination mail and express car cvme Lo Les!
on 1ts left side parallel wath wmd about 50 feet frowm the track. the
tenw v end beine it the 1ear of (he lender The combination bag-
gage 11 and coach remamed on 1= frucks md came to rest wilh s
tromt end whout 5 leet frow the Gk wd wanst the preceding
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car, and 1ts rear end about 12 tect tiom the track 'Lhe coach te-
mained upright on its frucks with 1is forward end down the cbink-
ment against the combinatior haggage car and eoach 1 rear endd
pewarned attehed to the combn won coach aned cald cn which ran
wos o added bot coniamed npryght on e 1oadbcd Pullinan b
car Adelaide remained uprieht with 1ts tear end siall on the 1wk
None of the cquipnient <=t one { ~cvere damage The tack was torn
up for a distance ol 388 too

Aoview ot the deratled cneine 15 1t appeared from the font of the
vmbankment 13 shown by fieme No 1

The subdivision on wliel this derailment oconried 15 a simgle-track
lime extendimg from Schich 1o Newmh Ohiwo o [ -twmee o 1022
miles  Tram movements are aoverned by 1ime-table vul 1 orders
supplemented by a manual bin L svstemn Approaclung the s e o f
acercdent from the east the a v k1~ tangent for a distance of 1! vl
followed by a cuwrve Lo the 112l ol 3 degrees 50 nunutes, 950 teet 1n
length, wheie there 15 a <helt giade descending westward  Lhe
derathment oceurred on this cmive about 147 teet fram als wesien
end The tiack 13 laxd with »5-pound rails 32 feel 10 lenoth on a
all varving fiom 12 to 15 feet 11 hexght  The rails a1e ~mgle spihed
to about 18 gak ties to the 1a1l tie-plates Weber 4-hole 1 ul jomts
and common 4-hole angle hai- a1c used and the hli-t conard- ol
about 7 inches of granulated -lur on top of 4 o1 3 chi- 61 w1 nvel
The superclevation on the imive on which the acadent occuizen
varied from 2} meches to 4 01 clics, the gauge varled trom | fleet 8
mches to + feet 9 imches mad (e cursatnre vaned trom 5 to 3 degree
The maximum permissible <peod Lor passenovr and cspres- 1,47 ~
over this track 15 45 mmles an honr The weathr o=l

The engineman wag killed no the acadent A el cviwemaon
il the encime faded o 1o o vy mecdhiical on o1l delect th e
mieht have contributed (o the e atlment An ex vimnation ol the
track on the outsxde 1a1l 6! the corve was made heemmas 1 gl
point of der ulinent and prococdhng eastward 1w Lot e
agauge side of the head of protreally all the v uls was flange worn
fiom 30 to 50 per cent Mo of the 1ails were tilted ontward and
1n ~ome of these the head of the 1.1l was sprung outward near the
middle ol the length of the ta1l  The tie-plates on the 1m<ide o tlu
1alls were barelv down on the «undace of the fre but on the oulsule
they were pressed down mito the ties until the top of the prate w e
Lelow the suiface of the tie w1 the part of the phite outstne of the
bage of the 1ail washentupw nd  An avarage o1 fom ties per rail had
Leen matked for 1cnewal, wnd m tweo metances the ties under 141l
jomts were found to be broken At the jownt~ the curface of the 11 -
v from 4 to 1inch below the base of (he 13l The spikes at othe.
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varts of the 1a1ls were found to be 1ased from | to ¢ meh, and at the
joints they were <o loose that 1m some mstances 1t was possible Lo
1emove them by hand

Conductor Fau~t who was ruding i the chair cav at the iuue
stated lhat his fiist mtimation of the deratlinent was when he felt 2
audden application of the an brakes, that lis inpes<ion was that
someone had been siruck by his ttam and that he did not realize
that the train was devtled untal altey he had gotten out of the cu
1 which he wa~ tiding  'ireman Scolt stated that the engine was
the first Lo be derailed that the speed ol his train was about 10 mnles
an hour at the tune of the accident and that the engimenan vas
working little or no steam and made an ewm~ geney apphication of
the hialkes

Division Kngimeer Tordella stated that he made an exarunation of
the 1ails involved m this icardent and found that in the web of a
1211 on the out~ide of the curve {here was an old defect, which =o
wenlened the head of the rail as to permit 1t to kink  the rald kinked
abont 2} inches and the length ol the kiulk v s about 5 feet 1
~late 1 that 1n his epinon the der alment wa- due 1o t'us delecting
tail and that the fiv-t pul ol the tram to be dera)ed was the 1ean
ditser of the engime o1 (he tank o possibly the first tricks ol e
wnl car Ile forther stated thit while the gauge <ude oi the head
of the rail was flange worn ipproamively 33 per cent, he did not
consicdel that ~ullicient to canse dorotlment  d that he was of Lhe
opinton that the 111l dud not turn over untill after 1t had failed
Divi-ion Engineer Tordella slatod that under that particular 1l
oniv tour ties had thi- veal been maiked for 1enewing, and at the
ex uwt porrt of detadment none had been marked  1le also s the
he 1ode over thi- track on February 11 and thought then that the
enive rode very well considering the serson of the year Track
supersisol res <taled that he considered the el on the cuve
wheie the dexailiment oconred good for v speed of 1o mile~ an how
Track Foreman Taill stated thatl he went over thas tiack on a hand
car on the Sitwd o preceding the date of the acaident {onnd th
tracle 1m good condition, and dud not 1lank the ratls were woru Lo
the danger poini

While the divisioun cnzmecr vas ol the opimon thae the acerdent
w- cntsed by hioken 10l this i esugition dis losed that 1ne
frst amaths of ceratlment wae located on the thud tie (1om ihbe
vest or leaving end of v vard on the outwide of the cnve, which
tatl va- the one moevding that wlnch the division enpineer men-
tomcd a hinvg developed o lank m the head, because of a defect 1n
the web awmd having cavsed the deralment The west end ot the
raal ot the pomt of derailment was twisted outward at an angle of
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about 30 degrees Figue No 2 <hows a view ol this 1l the licad
of which was beut outwaird ar the leaying end

Fhe neat ral showed flonge niulks ou the m=ade Lace of the wek
over the gieater part of i~ lengthi the web bung fractured o« ~hoit
distance beyond its recenving e The rails on the outwide o1 che
curve were lutned over 101 a dh-tance of 50 teet beyond the powt ol
derailment, whete the nam overtnrned and went down the embauk-
ment on the onlsude of the rurv

On account of the had trck comlitions low jomts Touse spihes
~prung and badly flange-werne rals 1t g belicy ol that the 1= oyver-
turned by 1eason of there hewng m-ufhaent «county agunst Hange
pressure~ to prevent then dome <o amwd that the woby Bracme was
a consequence of the detaiincut wd not 1t~ canse The second o1
westerly 1a1l, m which thi- web lractine ocomed was o~ ponnd
Carnegie ~teel 121l rolled 1w ~cptember, 1902 and lawd ot 2wk
in the 1all of that vea - 131l wae subnuitted for exammation
to M1y James v Howard eneqecr-phvsicst whose 1eport upon
accomparted by data npon sone wddittonal rail ~ections tollows

Adcknov ledement 16 made of the cooperation of M1 J R Onde
dunk, engmeer of test- und othor othaals of the Bdomore & Ohao
Rnlroad o the vestioatien of tlis 1l

REPORT OF THE I NGINEER-PHYSI¢ [ST

Two raals were wvolved 1w this devailnmient one of which was
partially tuined over and twasted thiough an angle of about 30
degrees while the other wa~ tuined completely on 1te <ide hivine
been rotated as a whole throuel an angle of 90 degroc~ Tl licnd-
of the rails were tuined ondw wd  The derarlinent vesuliod [rom the
displacement of these yml- whuh wete located on 1he out-ide of a
enrve of 3 degrees 30 mmnie-

The casterly 1ail of the twao hi<t mentioned above showod marke
on the msude tace of the wib near 1ts leaving end wade appuontls
by the flanpge~ of the whai I~ ot the derarled tramn The we-torlyv 1ail
showed more pronounced muks of the same chuacter estending
along the gieater pait oi the length of the a1l and hkewie on 1l
m=ide face of the wels  The web of this 1ail was forced outw ud il
shightly hollowed by the wheel flange~, and a bne of 1uptine
veloped 33 feet long begmuning 3 feet from the 1ecervme cud  The
web was torced ontward one Lot weh where the hoc of vupture ap-
proached the junition ot the head and the web Othar shore longi-
tndinal Tine- ol 1nptute were displyied o the wel near the lenw e
end ol the 1ul Theie was a notice 'le Lomd m the 1l nornn! o
the plane of the wely 37 feet 1o 1~ 1ccenvng end a bend vy hntod
ta the wheels ol the t1an when the 1011 was on 1ts side



Figure No 1 —Vigw of dera lod engine

Frgar~ No 2 —View cf outer rail ot curse  Heaa at end bent outward
and rail twisted about 30 decrees
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Lach 1a1l on the ontside face of 1t web, exhibited short seamy
limes, a condition taching 1o thenr fabiication  The surface metal
was folided over, causing laps ot shallow depth At one place, w the
plane ol ruptire of the web of the westerly 111l 1t was thought that
un meiptent crack had beern developed 1epresenting an extension
of o suiface lap  Tn other places the primitine condition of the laps
appeared undistnrbed  The pirescnce of these seamy laps learly
had no mfluence upon the e« wlich led to the deraidment which
wi~ due 1o the overturnimea ol the 1a1ls 11om mmseemiiy ol attach-
ment 1o the ties

An wmguiny was imade mto the stats of internal strawns of the
westerls ra1l and to those results ate appended the vesults of meas-
med strains ol other raile those wlhich had not been 1 wervice tep-
te-"ntng normal and weelerated 1ates of cooling  The benefits
alich mavy 1esult from mgnirres mto the cawscs of 1l Talure~ de-
pend m a measiie vpon the <cope ol the wotk done wn wdividual
ca~es, but such work s atded by accumulated data derrved {iom the
exunination of other rails upon the phases throngh shich steel
pis=es from its primitiie state until 1uptere ensues . The consulerg-
rar of tetnal siyvims 1 rads wlhieh not mliequently atlam 4 map
ninede coual 1o o osceedane the dinect stresses from wheel lnads 1
crnatter whivch has heen neglected Thi- fact emphasizes the need of
acgmuing nd recolding as wnuch mioimation w masy be zathered
npon this important matter and sapplemental data covering ~uch
ab=elvavic - e settred m o this toport

The vatls unvolved 1o the present deradment werc ol »5% pounds
acighe A S C B ~cction and were lnanded  Carnegre 1902 E T
1T the chwmneal anilvears of the 1al the web ot wlieh
was THctied was as lollows the iy s~ showing the compo-ibon
oi the wetal at the outsul  uppe corner of e hewl and af the
watale of the head neu s quncton woreh the web
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The internal sties~es carrespowding to the wesured ~trams i a
~oction of tlus tail o 1ts recenng end are <shown on fimine No 3
The mternal sties-e~ al the periphery of the head all ot which
were ol compression, weie of modetate degree for 1ails which have
heen o the track il subjected to the cold rolhng effect~ of the
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wheels Theyv were higher, honwever than the cooling strams of fabr
cation ale expected to be mn 1a1l~ of tlus weight under noimal con-
Qitions of eooling and thercetore had doubtless been meieised s
et vice conditions
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TLIRE ™SO v —=Uows ~cef1om ol o0 Pl ot cvrve wleh o wos ot ool v L g
tured  Shaded pirt of dlaginm ~huw~ uvcr of melt warn 1w 4 liour ~ omdviru
~hown the stale or mranil b~ 1l
The lovwest stresses ol=cr o m the Led wore on the eqnoe <

where Hange viear had temoval considerable metal  Two valies
onven tor the compre--1ve ~tre--us at the top of the head  The lower
velue m maonttode repro-ents e mean comnpressive stress 1 the
<rip 0 1% mch deep which was detached from the 1l at thi- place
The ligher value moe ddowcly represents the maxmun stre~~ m thi-
patt of the 1a1l  The mleinil ~tiesses progres-tvely vauled according
to the distance below the nnnng suiface  Lhis wos ~hown by the
detached sti1p assuming 1 cived shape (onves on the upper side
Securing the strip m a 11 vehtened position, 1ts eapansion was (H603]
mch on a gavuged length of 10 mches, which corresponds to a com-
pressive stiess of 9300 pounds per square mch - When the st was
1 a tree state the chond mciement showed an espan<ion of 0 0044
mch, whieh represcnts 1 compilessine swress ot 13,200 pounds pe
sottare much

=mce he e woald o eane mote than s chord il s oo
that the Tngher valuc more ncaly represents the actual ~tie-~ 1t the
minmcdiile top ot the head than the lower value  Tu ordar 1o balanece
the compressive ~tresses 1n the metal at the periphery the interior
ol the head mu-t I ove been o a state of tenon Te will be 1ecop-
nized that this ~tate of tension constitite 1l 1ewson for and {1
ni-hes the caplanation of the mierior ovizin- of (1sterse A~

e mteinal stress 1n the edge ol the flange on the gange ~1de ot
the ba-e wa= sub~tantially that wluch might 1esult £f1om noimal cool-
mg  The 121l had been subjected to an outward overturning force
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m ~e1vice 1 [he track and no wear was shown on the nndersurface
ol the wende flange  The undersurface of the outer flange however
Lo been worn smooth Tl flange shovwed a staite of mternal ten-
s1ion 1imountmg to 3,300 pounds per squaie mch The normal stresces
n the flanges bemg of compression, 1t 12 infirred that service condi-
tions or thoge attending the derailment weie vesponable for the
reversal fiom compression 1o tension Tt has been shown that gas-
oing may Jeverse the noymal strans of cooling  If gageed upon
the ba-e both langes would be stmilaily affeeted or 1f upon the side
of the ra1l a similar distibance would be expected m hoth the head
ond the {lange of the same side, 4 modification not witnessed m the
present m-tance sinece the outside ot the head remaimed 1 compres-
sten [Tnder normal conditions the metal along the middle of the
wilth ot the bage 1= mm an 1mutial state of tension whete this 1ail
displived a vomypnessnie stiess ot 2100 pounds per square 1nech

Photomicrographs wele taken of the siructure at different paite
of the 1a1l  Figue No 4 shows the aierage stiucture, m cross
gection at the conter of the head at a magnification of 100 diameters
Figuie No 5 1epre-ent~ the flattencd grams of 1the metal next the
running sutface of the head the result of flow under the cold 10lling
action of the wheel pre-sures, nundet the same magmification as ahove
statedd and 110 <hown 1 cross ~ecetion Impaired ductailits under
tensile stresses 13 characteristie of the metal thus affected  Toarly
obsery dions v shovin a te-toration 1w ductihity 15 accomphished by
anmc thing the steel A restoration n the ~hape ol the grams Jso
wtend exposute to anunedaling tempa itites

Figure No 6 shows the appearance of the stiuctme at the side ot
the Liead which had been exposed to flange wear The metal was
vorh away withont disturbing the shape of the gramns mmediately
below the abraded «nilace Metal next below that which 13 worn
away in this manner 13 commonly less affected by internal straine
than that which 15 exposed to cold rolbng without material logs by
abragion o1 without the rehet which comes from lateral flow

[hree feilure~ are associated 1 connection swith the eftect o1
wheel pres-mies on the top of the licad namddy the depth at whach
the gram- m the microstructure of the steel are distorfed by the cold
tollg of ¢ wheel  the depth af whoch the chataeter of the frac-
tured s laee generally exhubits o change from an oblique sheaning
LTtactute to a 2iuiar one, when the head 15 on the tension side of a
il lested to de nuction  andd the depth of pencliation ot (he
mteinal <trains of compression  Fach of these zones at, times appear«
tu have hifterent depths, without sppatent fived 1elations e each
omther  T'he presence ol mternal st uns docs not nece--arily mani-
te~t 1ws 1t 1 the appearance of o fractured suiface, nor does the
microstiucture appear to furm<h ndications of the presence of
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mteine] ~frains o1 show di-tierny ¢ differences i metal i which the
meerl slrains e of tenston o1 ol compression

Igures No- Tamdl & <how e mnostructue of the e~ ol the
present rall o lonetudnil <o oion The uteinal <trams o the
lange 1epreseutred by ignie No 7 owere ot compesston, equivalent o
O st~ ol TLTO0 poumds o ~qaare inch winle those m the Aange
tentescnted by fieme Yoo~ ware of tension equinalont to o 3300
parocls poeosgnare el The dotommmation of the proscnee of -
el <t o then diveote novd magniludde appear~ (o be testinend
to the method of stram o ge measuements

Lhe 1hte of cooling may In utificially reeulatcd cwsane decded
murdthications o the micind ~oams over tho-e vwhich v naimal to
1 erven seclwon ol tail seanc reanlts will be mtroducad it o na
the ¢ ffecis of acceler tted o oline mm comparison with the «ame 10|
~siLten cooled undor nonnal conditions 1w cnelt case arr beruy the
raaling mednun

Frotre No 9 shovs (e =t~ m g 100pound tall A & v D
e e acw Teeolme T ometal at e top of the head oul m
the 1hmges of (he bse woas 1 ~mate of mtornd compressiwon Tl
I~ L pnoogcsanve dlringe 1o thie <0 nn= o the edees of the Lineew
to the muddle of the Bse oyt e commnnly rever=o | oanid
Beccme  trams of fensiov To 0 0un- of consulerable v -y
o tensionl e nat uncotnios v the pmeton of the welr witl holh
the Die ad aned the Lase a- tlo<tn cted 1o this 14

Ciguie Moo L0 <hovs thr <losses present m a tatl ol the <
woro b and tvoe - above o vedlerated coolime Ly e ol o
i blast The resnlts <l o marhed differences o thie o lecs ol
the Jdvees Toothe stop- koo trenethe <tdes ol e hiewd 1h re woas
cooradind veduction o1 e compressne stresses lrome the uppe
tow ud Lthe lower edacs ou ane <nle of the hewd even 1eversing in
Ot of ten~ionr Fome gmecd Tongths were estibhished on e ol
flo=e strips at dailborent distecs Trom the planc of the wartrd asas
turmshine (e severa] vilies ol the mternal ~ies-c~ hove tecorded

Fioure Mo 11 ~how - the imtetnal <tresses o rail of 927 pounds
woeht per vard  This scoton was cooled 1t a4 notmal 1ate it
it The Preher values ol the compiessive stresses in the -
orvor the procedimg ~cctnen ol conrespondme treatiner Uwall e notod
colrecterstne difloren e belween thick and thio ihoecd 1oal-

Figure No 12 <hows the state ot mteinal stie-<c= e the companion
a1l of Noo 11 after accelerated coolhme wih o i blast The
~tres-e~ 1 this «ection are the hiehest that hov vot heen mearsued 1
e cooled 1arls The total range fiom tonsien to ¢ ompression
teached Y400 pounds o square wch o The wagatude of i
mternl strames will be reahized wheu compared with ~tiesse~ usul
m peymanent engierimg stinchines where the values connnonls
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Sipure Mo 4 — M crostructure o ol slosn nli_ure No 4 ab-er er
of 1rad  Cross ssction maen £ cution Q0 diameters

Figure No o —r/izrestruclure zf ril s 1owr on Fisure No 3 nex running
su face of he:d sheowing flattering of the grains  Cross secton
magnifica 1or 100 d z neters



MNgure No 6 —Tlirre~riotirs o o | LFE =Ny 1 Thngs
slde of ead gra s er a0ofoar LTt ex i1 sorf oce
Crassssziion mdzn <1 o~ 100 1= 1



Frgurn Neo 7 Microstruclare of rail shown o Flgure No 3 Longt
udina seclion of fluares heh #1102 state of i a eampression ot
14 10C poon~s ber square i1l Magr ifi. tien 107 drameters

F gure No 8 11 rc. ructure of rar shown on F gure No 3 Lonm
tudinal sectio of flange which was n a1 state of imtal teasion of
3300 pounds per square inch  Magnification 100 d ametars
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tanige 11om 12000 to 16,000 pound- per square el The magnitude
of the mteinal ~tresses of this rail ave not expected to be reached m
ordinary cases  Thev 1llustiale, however a range 1 values which
it 15 possible to acqune 1 steel cooled by a lese cnergenc medim
than hrequently einployved, reterring to the pradctice of eooling certan
overlieated member~ by means of water

Iuteinal stram- m one part of the cro-s section of the 1.1l 1eact
dpon other pavls w the ~ame manner as m the application ot ex-
ternnd loads A zone of metal m one part m a state of comjiession
1~ et awd sesisted Iy another part by metal ina sttt of tension
This 15 anothet wayv or statme o well-known aviom conceining the
telafions betvween wton and teaction  Any clunge m the slatc ol
stram moone part, theretnre eause- o 1eadjustment of the strains
m other parts . Diagiams No< 19 ond 14 show the successive stages
paseed through I two varl ~ecuton- dnung changes 1in dimensions
oce asioned by the vemoval of parts vl the cros~ section Stoips were
siccesa1y elv detached on which reterence lengths had been estab-
fiched and offects mewmal at ewch slage as mdicated by the pra-
gression of fignics m these two digrans

D No 13 ~hows the successive stages passed tlnough by a
tail ol 927 potawds weight which covled normally  The first mael'ine
rnt which was made detached the beacd and the vpper part of the web
from the bhase A weneral expansion occnried on each reference
fength on the under<ide of the hase  Tn the upper portion of the Tarl
the top ol the hewl expanded while the web contracted 1n length
The 1sadynsiments which ~subsequently took place as the machine ents
were made for delwhone the sthps mav he folloned on the Jgram
The shaded area= represent the state of the rail at each stage of 1ts
disseverance  The final re-uli= showed the rail 1o have been 1p an
mulial sbate ol compression it the top ot the head and immediate
vomity The flange~ were aleo m a0 taie of compiession but mnetg-
e mte enston at the muddle of the base  The <ades and the lone
part ol the inteior ol the head was m teavion aud hkewise the
nweb o1 the web wc the mnddle of at= depth and at s panclion with
the hiewl  Toe resulis oo dus 1l we fauly 1epiesentatne of the
STt~ wonel e prescni o e 1 els of smlar duncnsions

Dhoor o Yoo 14 shows the 1esults of the examnation of a eom-
pamon 1 ul ol the ~une weight a- before, after nccelerated coolng,
aceomplished by means of an awe blast dhrected upon the head  The
cooling was done umniediately after the last pass m the rail mill
Fhe manner ot di-~everance was neatly the “ame as 1n the previons
example, measurements being taken at cach stage Accelerated cool-
ing Cimsed the introduction of higher strains throughoul the cross
section than witnessed 1 the section of noimal 1ate of cooling  The
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respectiie zones occupied by the metal m tension and 1 compiession
however 1emamed substantially unchanged in their po-itions
Internal stramns 1n 1als mv very properly he con<idaicd s
analogous to the dead-load -1~~~ 1 other engmeernyg structurc-
Obviously no enginecling de~izn ol a lridge of large span would be
entCtaned which omatted 11 cons deration of the dead-load iresges
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nor should they be onnticd i ihe constder ation ol the <tro-se~ 1 1ails
The dead loads not mbequently excerd the line lowd«  The sum ot
the two 1epresent the actual leads which the bLridge members must
sustain Bridge members themselves aie also affected by imternal
strams but mn a lessel degree doubtless, than rails  Internal strains
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equivalent to stresses of 13,000 to 20000 pounds pes sguare nch
are not uncommon m the heads of rails which hasve been 1n service
tor a time To these should be added algebraically, the live loads
ta express the magnitude of the tot ]l ~t1e-ses m the rails

8 700 Com:
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e

15600c 3.500 1i00¢c
Tens or
FlaUukE Mo 11 —OCross sectlon of a new 92 7 pound 1211 Internal stresses affer normal
cogling 1in all
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Li'_ﬂ____&m/_LfL e
28 380c e LENN
Tensa
110k M0 12 —Cross secnion 01 a new 927 ponnd eail  Internnl <Niveses atter ace !
erated cooling witk air hlast

[n judging of the effects ol these combimed stiesses 1t 18 1mportant
that the distuction be made belween the effects of loads once applied,
as they are applied m the usual detetmination of the physical prop-
erties for the purpose of acceptance, and the effects of the loads which
are 1ecerved by the rails i seivice  The latter are repeated a con-
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arderable numbeor ol times  The tolations between the prunitse prop
ertics shown 1 the acceptance dest~ o1 such properts a- oy have
~tich a relation and the loads swinch may ~afels he applied v 1e-
peated without causing ropune of the tnl, have not been ~ati<la
tortly myestigated or defined

Present 1nlovmation descoped m the laboratory on cavefully
prepared bai~ goe~ no trthor 1l to establich the [t tht re-
peated alternate ~tiesses mnst net pproach too closely (o the elastic
finunt ot the steel for lemg awlvn e of the motal Wi <lall ne
taleenr as the elastic himat ot c 10l moview ol the presence of thc-e
apposmg mternal strais ol G -won and compre-sion 1~ a subject
which claims early altention  Lhe prevention of 1ul hilures will
oe advanced Ly the acqu=itien ot delintle lmowledge « meetnmp
the 1esistanee ol 1atls e Lol <cciion apgainst the land el doeor
ol stesses wlich are encounterod m e track and this necessariy
requintes that dlefmition shall Te nudc of what the tracdk <tresses them-
~¢lves ate

STANMARY

Lhe unvestigation ol the tal- meolved o this acondent <howed
that the onter 1a1ls ot this cunve Li-phuved constderable Tuee wen
wndd that the base ot the vatl which wos ovortuin f v worn smooth
nuder the outer flange while vudor the mner lange there wi- 1o
evidence of wen  The overtminmng tendency which Lad been 1.-
wisted by thic 1a1]l was mdicated T the worn suiface ot the ha<c
In addution to these badlv flange-v orn raals there weore low qomt-
and loose spikes m the trwek o the vtamuy ol the oo dowe ol
these conditions ate helieved to Tvive been the canse of v oo deranl-
ment

One of the tals which oy 1o | shoved finge marhs ol whedls
on the nside sutlace of the wely povtwcally ats bl Tength el ar
places the web was Lractuted  Thewe lmes ol rupture were  loh
the re-nlt of the detawrlment o~ 1l oy were located on the wely 11 a
place macce-sible and mumuanc from sneh eflect~ when the 1a1l 15 1n
upiight position

Each of the two rails showad ~hort ~emny hmes on (he ont~nl
suitaces of their web~ whi b appeared as lap matks mule o the
tabrication of the 1ads One ol these which wa~ 1 the plane of
the fracture o the toptured wely was believed to hove oveended and
formed an meipent crack o the web Tt v~ pnowdental that at
chanced to he located 1n ihe comse ot the line ol ruptuie developed
by the wheel flanges and could not be 1ee udad 1= a eomtributon
canse 1n the derailment
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of rall was dissevered, wrth sTresses< carresoonding to total strains released
128gp—17 (Face page 12)
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The examination of the 1a1l which had the fractured web showed
silieiueal soundness m other parc- while 1ts state ol internal stram
dhsclosed no feature wiliach conld be held 1espon=ible for the derail-
ment  The relation which the tiactuted web bme to the head of
the ra1]l clearlv imlicatecd that the fiacture occurred after the rail
was tmined on 1wts side The twisted rail next preceding this rail
m the t1ack was bent outward all of which consistently mdicate-
that the accadent was due to msecurity of the track stivuctme which
permitled the rails to be overturned

Respectfully suhmitted

H W Berxar,
Chaef, Dvinswon of Safety
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