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worn flani'es, and driving—-viecl brakes
renaining epplied on curve, wilch re-
sulted in a vhcel on low aide cropping
ingide rail and high rail overturnings
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November 8, 18959
To the Commigsion?

On July 27, 1239, there was a derailment of o vaasen ol
train on the Atchison, Topeka & Santa Fe Reilway nco? Coconino,
Arize, which resulted in the injury of 120 passer,ors, 13
dining-car employees, 9 Pullman porters, and 4 Traln-scrvice
EnPloyees, This accident was investigoted in conjunction with
the Arizong Corporationh Commissione

Location and Method of Operation

This accident occurred on that part ol the Aibunucique
Divigion desiznatled =23 the Grand Canyon District which extends
between Grand Crnyon snd Williagns, Arize., a Gistonce of ©3.7
ML1GS In the vicinity of ihe »Doint of accident this 1s a
single-=track line over villch trsins are opersted by tiretable
end wP~in orders, no bloca sysbem being in uses According to
time-telble dircctions the trzin involved was vest-bound, but
according %o conpsgss dircetions 1t was movirg southvrard when
thie sccident occurred; coupecs direcitions are uscd in this
rieport., The accident occuried on Curve 92, at a r0iat approxi-—
ngtely 2,785 fect north of Coconinos Approacning thigs point
from the north there is a tan, ent 569 feet in length, followed
by a 10004! curve to the lerft 9566 feet in length; the cccident
Occurred on the curve at a point 452 feet from its norihern cond.
The grede for south-bound traing 1s 1.94 percent descesncing a
distance of 3,600 feet}; it is then level about 1,300 lcet to the
Doint of derailments

?he rorth portion of Curve 92 is laid on a fill about 8
ffetLln‘height, cnd the south portion extends throucn a rock cut
about 420 feet in lencth, 11 feet in epth, 20 Ccet in vidth at
the bottom, ano 30 feet in width 5t the tops Thoe rcrailment
QQCufred about 75 [feet south of the north end of sh.e cut, and
Precilcally at the middle of the curves

ﬂonq~E?otgi gﬁ@lnltg 0f the point of accident thne track structure
- [SERCEY T 9U0-pound calaid vaa T A R h.
el one pound re-laid vai1l, 30 feet long, l=id on 22

aéed hsrduood tics to the rail lengthy 1t is double-spixed
g?gggg ga%ivsld? apg sirglo-spiked on the outside, fully tie-
Tonptn’ inq pego WitA 6 vail anchors and 5 _are rods TO the rail
Max%muﬁ Zﬁo=rf1“ajb?d hlthG anheg of volecanic cirderscs The
i1 ohe TT)QM?Y“thp.Of che outside rail of the cuwrve 1s 4
9:1/805nche;f £one varles butieen 4 feet 6-1/2 inches and 4 feet
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The maximum avthorized specd for passcenger trains on this
district is 45 miles per hour; hovever, bullctin instructions
regtrlict the spced of zll trains to 20 miles per hour on tne
curve involveds A permgnent slow board for south-bound Trains
18 located 2,958 feet north of Curve 32.

The weather was clear at the time of the accident, which
occurred gt 8:17 De ma

Description

Extra 3704, s vcst-bound passenger train, consisted of one
combingtion smoker—bags:age car, three tourist cars, one dining
car, one lounge car, and sevenn Pullman slceping crrs, in the
orcer named, all of steel construction, hauled by engine 389535,
of the 2-10-2 type, and engine 3704, of the 4-86-2 tType, and vas
in charge of Conductor Parks and Enginemen Sparks and Robillards
This train left Grand Canyon at 8:05 p. m., gccording to the
train sheet, and, approximately 5.95 milcs beyond, 1t became
dergiled on Curve $2 while moving at a speced variously estimated
£0 have been from 12 to 25 miles Per hours

Both engines and thelr tenders stopped against the west
embankient of the cut, badly damnged, vitn the forward end of
the first engine about 200 fect gouth of the initial point of
dergilmente, The first three cars bccame derailed snd were
considerably dam-gcd. The first car stopped on its right side
on top of the wecst embgnkment and wvias hesded southcast. Tlie
sccond car stopped on top of the west embankment av right angles
to the track but remained uprighte. The third car becane
derailed to the left, stopped upright against the ceost embank-
ment, and opposite the firast two cars. The front tiruck of the
fourth car became derailed. The train~-service enploycces in-
Jured wcre the engineman of the first enginec, the conductor and
two brakemens

Surnmgry of Evidence

Enginemsn Sparks, of englne 3853, stated that lic was
fali1llar with conditiong on this district and had Ifrequently
Obcr-ted the first engine when doubleheading vith engines of the
type involved. At Grand Canyon g terminal test of the ailr

bralkcs was mades fter departure two running tesis vwere made
and the brskes functioned properly en routes The enine was in
good condiftion. It was equipped with Nos 6-ET brciic equipment,

and brahe~-pipe pressure of 110 pounds was maintaincds The train
handled properly en routea The cngine was not equibvped with a
speedometer; however, it was his opinion that the speed was not
in excesgs of 35 miles Der hour at gny point. No unusual slack



action occurred en route. When gpproacning Coconino the acad-
1i:ht was curning brightly, the speed wag atout 30 or o3 miles

per hour, snd She en.ire wes rilalng smoothly. The inwep-ncent
Lraze wzs =pplied and as his e 1ne possced g roac crussing

1oc..oud 40l foet gouth of the slow bozrd or 3,03 fu~t north of .
the initial point of derallment, hc made a brogc—plpe recuction

of about 8 or 10 pounds, placed the brake valve in 1lap position,

and worked e drifting throttle. When entering ti.o curve in-
volved the broics were not releagsed, ~nd the specd had been re=-
duced to gbout 16 or 20 milcs Per hours The engine rolled,
sve, ed from side to slde, scemcd to rige in front, and becamne
deraileds He immedlptely placed the braglie valve 1n ecLeariency
PCS1T10n . There vas no evidence of anything droopwng from his
er, ine gnd therc was no indication tirt thoe vhzclas ras. over any
forcign objccte. He dad not know what causcd tne sccrdent, but

1t was his opinion that an effsct similar to tant wolch occurred
would hgve been produced by the outside reil of th curve turning
over under the drivang whneelgs '

Firzarn Mgclcan, of engine 3¢53, stated thal linc run vas
being mgde 1n the regulsr monner znd that e had mwaintained a
looxout to the front, and to the rcar on zll curves, but saw
notiuing unususl. Approaching Coconino, at vhich timec the speed
ves zbout S0 or 35 .ailes por nour, the engineman liade o brake—
Lipe reduction and the train eniered the curve =t = speed of
Aabout 20 miles per Ji0ures Thie first intimation hie nad of .any
irregularity was vhen he heard a loud crash under citier tuc last
beir of drivers or the trailcer truck and cimultoncously there was
. scvere lurch. He thought thint sormething had hrosen under the
en-ine, wiich settled down on the right side, madce scveral lunges,
end then Fell toward the west and struck the bank, rishted 1t-
self, wnade anothcr lurch sgrinst the west nurk and stoppeds Prior
to tne accident he dia not notice sny unusual rolling of the

k)

N ine, and the speed was not exccosives

Ergineman Robillard, of engine 3704, st-ted tl-t the breke
vzlve on his ensine w.s cut out, the hondle was in running posi-
tion, and the air br-.cs werc vader the control of the Jirst

€l 1N CHlsN e Waen gpbrozching Coconino the speced was 2oout 40
m1les per hours As the Tirst engine passed the slow borrd north

01 The curve a breic-pipe reoeduction vas mnade and L aspeed was
recated to about 20 niles »er hour; becsuse ihe Tirst cnfineman
graduated pnrt ol the braie-cylineer pressure off, il speed in-—
crensed slishily down the hiill, wvith the brakes «wvp2licd, ana th
engines entered Curve 92 ot a spced of otout 20 or 20 niles pPer
hours The firet knowlacdie lie had of anything wrong was when his
own engine had passed a congiderable digtance around the curve
and 1t seemed to surge to the right gbout & or 8 inches, then it
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jolted along on the ties and stoppedes He thought that engine
3303 was the first to be dergiled, He had used orly a drifting
tl.rottle en routes There was no excessive speeds While round-
ing curves en route he looked back to ingpect the train but saw
nothing wrong, and he felt no unusuagl slack action. HHe had
formed no opinlion as to the cause of the accidents

Fireman Olsen, of engine 3704, stated that on route the
specd was about 40 or 45 miles per hours At thce slow voard
north of this curve the speed was reduced to 18 or 2C miles per
hour, then 1t increased down the hill snd the engincs entered
Curve 93 with the brokes applied and moving at a soced between
2C and 25 miles per hours He was looking zhead through the cut
and sgw fire flying in & horizontal plane from under engine
5803, apparently caused by the flanges of the left driving wheels

scraping the inside of thic left railag. He heard a loud nolse
and then his own e¢ngine Lecame derzileds There via 8 nO excesslive

sPeed and the train wvias handled in the ususl munhners He did not
Eknov what caused the gccidents

Conductor Prrks was in the fifth car and was not aware of
anything wrong until the accident occurred, at which time he
estinated that the speed was betwecn 12 and 15 miles per hours
The speed on this occasion was not unusuple After the accident,
having observed that the track was badly torn up, he rcported
the cause of the accident gs being an overturned rails

Statements of Head Brakeman Weidinger and Flasman licGlothin
did not develop anything additional of importancce

The telephone line circult was broken as a result of the
derailment and Superintendent Gray furnished information that the
wires falled at 8117 pe Me

Divigion #ngineer Picrson grrived at the sccne of the
cccident early in the morning of July 28. He cxamnined the track
a distance of 1-1/2 miles north of the point of accident and
found no indications of either obstructions or drazgsing eguip-
ments

Starting at the northern point of Curve 92 to the point
from which the track was completely destroycd, he checked the
gmge, grade, and superelevation snd found them to be as follows:



Engineer!s

_station Grade Gage Supcrclevation .
53 4+ 0Ll.65 Level 41 gn 3-1/2 inches
52 + 75 i 41 g-7/8! 3=3/4 "

52 4+ 50 1 41 g-7/8" 3-3/4 "

52 + 25 " 41 g 3-5/8 "

52 + 00 " 41 gn 3=3/4 L

51 + 90 | 41 8—3/4" 5—-'7/8 "
51 + 80 " 41 8-3/4" 3=7/8 "

51 4+ 70 " 4! 9-1/8n 3-1/4 L

51 + 60 n 41 on 3=1/2 m

51 + 50 n 41 g 5_1/2 n
51 + 40 " 4! g-7/8n 3-5/6 "

51 + 30 " 41 gn 3=3/ 4 L

51 + 20 i 4t gn 4— "

51 + 10 L 41 g-r7/an 3-7/8 n

51 + 0OOC N 4! g-7/8" 4 "

The condition of the rails, ties, and tie-platcs wes goods The
lov rails of the curve, at tne point of accident, were flattened
by wecar and the high rails were curve vorns At a point 250
fect north of the point where engine 3853 stopped o rail on the
outside of the curve was found turned over, broken through the
web, and a 5-foot section of the bgll broken oute The next
rall north was twisted outward, lying on its side, but coninected
to the broxen rail. The second rail northuvard fron the broken
one wag still connected but twisted; about € fecet of 1ts northern
end remained spiked to the tiess The third rail northward from
the broken one reumained uprizht but damaged to such extent
That renewal was necessarys. 1t vas his opinion thut a side
thrust bent the head of the rail until the web broke under the
Strain. He thought that the maximum thrust was provided by
cither the rear drivers or the traller of en.ine 5803, or the
ront drivers of engine 3704. The track received the full side
thrust at the location of the broken rail and this zsused the
6ther rails to turn over, The position of the ecngines indi-
cated that after derailment they were bearing toward the west
side of the cut, scraping the cut for somec distance, and the
ri_ht wheels were off the ends of the tics on the zround, and the
left vheels were railsed sufficiently so that they did not mark .
the ties to any extent. There was no evidencc of soft tracke
Fsil braces are not used on this curve and the tieplates are
not canteds  He sald that on a 1.0°C4' curve with a supereleva-
tion of 3-1/2 inches, the eguilibrivm specd 1s 25 nialcs per hour,
the safe speed limit 1s 57 miles per hour, and the theoretical
Overturning speed 58 mileg Pper hour. Superclevation was cglcu-~
lated with reference to the equilibrium and the mgximum safe
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speeds only, which did not necessarily mean it was entirely
sgfe from g practlical standpoint to round such a curve at a
specd of 57 miles per hour but he thought that the speed limit
should be somewhat under 35 miles per hours He considered a
speed of 35 miles per hour to be safe but when a curve is
bosted for a certain speed, that speed should be mgintagineds
Ordinarily, at a speed of 20 miles per hour on Curve €2, he
did not think that the side thrust would be sufficicnt to cause
the rail to give way. He thought that thc rail broke as a rc-
sult of a speed of between 30 and 35 miles per houre A rail
detector-car was last opercted over Curve 92 on September 2,
1938, and no dsfective-rail condition was found. He did not
ghink that track conditions or excessive speed causcd the acci-
ente

Assistant Engincer Baldridge stated that the rail involved
Was first used in main-trgck service and was then relaid on
the Grand Caznyon Districta Indications were that it was good
rall as the bresks disclosed neither defects nor flaws; 1%
showed some curve wear on thc hezd but not enough to weaken 1t
It was his opinion that the head of the rail was forced outward
by some force geting from the inside, which resulted in the
bregking of the rail, but, to his knowledge, this was the first
time g rail had broken in this manner. He considcred gage rods
a gregter protection than rsil braces against a rall turning
Over or spreading of tracks In his opinion a sufficient
number of rail braces shaped in the proper manner would have
giVen additional resistance to the over stregs force and might
Have prevented the agccidents

Machinist Reed inspected both engines i1nvolved before the
train departed from Grang Canyon and he observed that the wheel
flanges were worn, but not to the condemning limit. This was
vertical wear, as the rounded contour was gone; there were no
Other defects founds

Chief Engineer Nelson at Grand Canyon inspected all the
%ars and found nothing wrong. Roll-by inspection was made
when the train departed at 8:05 p. m. and nothing was dragging
ar stlckinge

Rogd Foreman of Engines Steneman stated that he ilngpected
the engines involved at the scenz of the accident about @:15
e ile, July 28, On engine 3853, the reverse lever vas 1n
Nearly full forward gear, the throttle apparently closed, the
double-heading cock open as required, the automatic brake-valve
in rclease position, and the indepcndent-brake valve in running
positions On engine 3704, the reverse lever was about 5 or 6
notches hgck of center, the throttle apparently closed, the
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double-heading cock closed, thc sutomatic brake-volve in service
2Dosition, and the indcpendent braxe-valve in slow gpplication
positions

kicchgnical BSuperintendent Wall inspectcd both the cnginces
and the tendcrs and the four dersiled cars; nothing was found
that might have caused the accidonte

Section Foreman Wall steted that his section extends from
Grand Canyon to milepost 54, a distance of 10 miless On July
20 he went slowly over the trsck involved on his motor-car and
a6 thaet time no spikes hed vorked up by vibratione About 9
hours prior to the accident, he oaeoﬁed the #c, alincment,
surface, and elevetion of Curve 92 and they wvere sobtislfactorye
The ties vere in ;ood condition. Jome gpikes on The gaze side
of the hign reil had vilroicd loose and vere Iroa 1/2 to 2
inches zLove ths buge of ithe r«il; however, on the entire curve
not more th-r o0 upilies a-d orred up, and not morc then one

J Cr’.}

spike in any c¢ie vas ralced above the brsc of tihwe reil; in each
instance the owher SQlLO neld gecuelys de drove <11 spikes
in place and trphed tie spikes on the outaside 0 uwele sure that
they were ti-hte I{ter tuc sccident vhe Tireci north ol the
point of QFrﬁllwanu vas 1ngnecetcd but no indicotion of dragoing
eguipment or obstruction ros found. Hc had onsovved that
troins obeyed the 20-milc-por-hour sdced ressricsion on this
CUrvce Hec considsred the r-il on tThe curve to be 1n safe and

sultable condiftion gnd he could not auvancee -ny 2pinion ~s (o
the cause of tlic dergiluents

ingineer of Tests Chapiien stated thet the brohcn rall was
considergbly curve-vorn by wneecl flanges and borc marks indi-
ceting thet 1t had turncd over towerd the outsldce Allcr tho
Tcil heeanc overturncd, 'hsel flqnges rode in tuc web and cnuscd
a lonsitudineal break torouph the web 7 feet 8 inches long, two
breslks throush the basc, @ and 15 feet, rcspectively, from the
recciving cnd, ~nd & breek through the hicad acout 13 fect from

The rcceiving ends There were thrce hal f-moon beceo.s in the
br.ge, and therce were short outward kinks coout 2 Test Trom ¢~ch
end ol the rails Two trensverse gsections iwrere cnt for Brainell

hardness and deep ctehini, and onc longitudinal scction wvas cutb
through the head to the middle of the web for dged ciching onlye
Tension tests vere mcde in g 100,C00-pound Rgillle testing
machine, vhich resulted =s Lollo‘a'



Pounds Per Sqguare Inch
Ultimgte

Yield

Specimen Point
O=1 69, 000
M-1 56,800
O-2 70,100
-2 02,700
353-2 56,400

- 11 =

118, 000
115,500
118,700
117,500
115,900

Tiiree drop test shecimens,
tested; a So-inch span and a 2,000-pound tup vere used and the
results were as follous:

2, 000-nound tup

Drop in feet

KW

O WY O QO OO Sy Oy Oy

G A

15
21
27

36
45
o4

63
72
61

Total

D

3/16

%)

*Eroke

~
cflc

A=lirgd aoun B=Bgse dowm

/8

Inv=-2371
Percent
Elongestion Reduction
in 2 of
inches area
13545 2444
15)05 1905
15,0 2463
15.0 21.8
17.0 2540

cach 4 feet

1
1
a

1-1
1-5
1-1
1-1
2
2=
*¥3

—

e

in lcngth, wvere

ction-middle of &6-inch span
C—Base dowm

/a4 1/8
/2 5/16
/18 a/16
/8 1-1/8
/8 1-7/16
/2 1-13/16
1/16 2-1/4
3
/8 3-7/16
3-1/2
3-1/2
%*5_1/2

*A - Head dovwn broke at 9-foot total drop, showing

*¥E -

specimens

Percent
Elcment Outside
Carbon 0.63
Mangancse 0.69
Phosphorous 0.032
Sul phur 0.042
S5i7icon Oa D3

cold rolled metel from normzl

service conditionss

Bese down test discontinued afier BS-fo0t drop
and C glter 51-foot drop, becruse of badly twisted

Thease basce-down tests would h-o.ve met

specificatlons for new rall to stgnd one <rop at
17 feet without biealing bese dovmne

hemical Anslysis

Percent
Miadle

0.63
0.69
0.032
0.0435
0«03

Percent
Base

0e85
0.69
0. 052
0e043
0«03

Specification

1910 -

0«59
De0

T
MMaXe

percent

- 0472
- 0.90
- 0.04

~
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ie s2id that the foregoing data discloscd 0od physical and

chemical properties; tne lLow strenygth, vhen tested nead dovm,

is normal for raoil steel that has had congiderg®le cold roll-

ing; and reduction of head section caused by abrasion zs 1s

the cgse of a hiigh rall Oon a curvce He said that the results .
of his exomingtion and tests are conclusive that tiiis rall was

first overturned and then became broken hecause of Transverse
loading, which it is not desi.ned to carryes

The total weight of engine 3853 is 397,800 wounds, distri-
buted as follovs: pony truck, 53,300 pounds; first peir of
arivers, 59,800 pounds; second pair of drivers, 61,800 pounds;
tiiird poir ol arivers, 64,8C0 pounds; fourth pszir of drivers,
55,600 pounds; fifth pair of drivers, 61,500 »ounds; trailing
truck, 52,800 pounds. The tender is rectangular anc has tvo
sizx-vhcel trucks, its coo-city is 5,000 gallone of o0il gnd
15,000 z=llons of wmtcre The veicht of the tender is 203,600
Loundse The drivers are 83 inclies in diameter ~nd the driving-
wheel base 1s 22 foot longy thie totsl wicel bose of engine and
tender 1s 85 feet 2-1/c¢ inciicge

The toval veight of enoine 5704 is 551,700 pounds, distri-
buted as follovs: encine truck 58,100 pounds, drivers, 243,100
pounds, trailing truvck, 50,500 poundss The tcender is rectangular
enc has tvo gix-wiiecel trucigy its cavacity is 4,000 gellons of
01l end 12,000 gallons of watere The vicight of the tender
loaded is 242,000 poundss Thne drivers are 69 inchcs in digmeter
end the ariving-vheel bhase 1s 18 fect; the totsl rhicel base of
en. ine and tender 1s 76 feet 8-5/8 inchcss

According to thoe dnts furnished by the carrier, the condi-
tion of the wheels and flanges on enpine 3853 was as follows:

Truck
viieels Draiving-vheel tires Trailer
Spacing Nowl — 1I0e2 - NOw & =~ Noe 4 N0
Bace—-to-bgck
(inches) 53-1/4 53 Bo-1/4 53 55-1/4 83 53-1/4
Flange (R% 1/16  3/16 - - - - -
Vieor (L /16 1/4 - - - - -

At 7 pe me, July 26, the company's onginc ingpector &t
Williams, Ariz., made a notation on a work report to the effect
thint the left Noe 1 driving-whecl flenge of on.inec C663 took
the 1-inch gaies
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According to templates of the broken rail submitted, the
bell on the ggge side was curve-worn between 5/32 cnd 17/64
inchj the bell from the bottom to the top on thne grn.e side was
worn to an inclined plane of 12 degrees, sloping ocutiards

Obscrvations of the Commission's Inspectors

The Commission's inspectors found that the track wes torn
up and disturbed a distance vhich extendecd bectecn poinvs 100
Tfect north and 250 fect south of chc broxen scction of raile
There vas an ahsence of vheel uwerks across the %ties, vhich indi-
cnted that as the eangines verc toppling to thie richt the lcft

k]

vheels vere suspendcd ghove the trscke
Discussilon

There was no indicstion of either defective or arzgging
eguipment, or cny obstruction on the rsils wnich night hgve con-
trivuted to the accidents The g=2sc of the track on the 10°04!
curve varied betwecn 4 feet #<1/2 inches -nd 4 feet ©-1/8 inchese
Between stations 70 ana 80 fcot north of the point thicre the
track vas acstroycd, therc was a verisztion of 3/8 inch in the
2. .e; betucen tvo othor adjscent stetions, the veriction wes 1/4
inches The grertest variztion in superclevation beewvecn any two
10-foot sdjacent stations was 5/8 inch; this variation was be-
tueen 70 and 80 fect north of the point vherc the track was
Gestroyeds The goge sidc of the aigh rail was curve worn to an
citent which varied betveen 5/32 =nd 17/64 inche Ninc hours
prior to the accident the scction foremsn had Tound, on the
insidc of the high reils of the curve, about 30 spilcs loose and
drawm to a hcight vhich vericd botieen 1/2 and 2 inches, as a
result of vibration. Although the spced restriction on the
cuarve involved was 20 milcs per hour, the equilibriva spced vas
20 miles per nour, snd the maximum s-fe speed was 57 miles per
hour, according to thc standa.ds preseribed by this railroszd
for the curvsture snd elevations

The brgkes had been tested and they Tunctioned nroperly en

routes All mewbers of the crew werc a.vecd that vhe specd was
neither unusunl nor cxcesaives Mo meouber of the creyv e€3ti-~
mgted the spced of the train at the btime of the scciucnt to be
in excess of 25 miles Por hours The breoikcs had becn a»dplied

for some dist:nce, and verc still applicd 5T the time The scel~
dent occurrcde The cniincmen of the first encine sald that
Just prior to the Gerailment nis cngine sraycd badly fron side
to gide, and then droppcd dowmn at the rears Thne Tircman of the
first engine also was of the opinion tihet the rcar cna vas the



firgt to be derailed. The fireman of the scecond engine eaw fire
flying 1in a horizontal plane from the left driving wheels of the
f1rst engine as tnough they =re scraping the insice of the leflt
reilse

Tests of the broken rail demonstrsted conclusively that it

Poscesscd good physical and chemical properties, and that 1t wvas
Tirct overturnsc and then become broken as a result of a trans-

3rrse loed vhich it vwas not designed to carryes

Inspcection of engine 3853 disclosed that the driving tvheel
flenges wore vorn vertically to the evtent of 1/4 inch on the
left vuneels and 3/16 inch on the right wheelss

Since the equilibrium speed for the curve vas 20 miles per
nour, it follos thut if a trzin entored the curve ot a hilgher or
lover spe.d tiien 25 leys per nour thore vould be a tendency for
the flenres to bear rralnct tue ¢na,. o siGe of either the high or
the lou rg 11, respoceively, vhich, no doubt, would causc & nosing,
or oscilla.ing, action of bthe engine in g latersl daiveccion; the
middle pPair O wrivers would be uscd as g fulcrum and the action
vwould rcverse 1tsclf Trom frout $0 rcar azna be coafined laterally
by the ¢a.e of the vir.Ciie Tne brakca, being spplicd, would
csusce the vheel bese 1o gcsune a zreuter P1Tldlty, vWhich would
2dd to the nosing or gvaying action deacoibed by thie enginemans
The combination ol opcn ccee wnd flsense vear would peramit of more
laceral svay than uasuszle A verticorl {lange contacting the 1n-
clined plane of the curve-uorn rail, because of reduced irictional
resigtance, would have a tendency to climb thne gage side of tne
roile In the casc in question, while there i1s no indicastlon that
eny one Jlactor was outside the bounds of safebty, it wpvee = lliat a
combingtion of curve-wvorn rgil, flange wear, vide g ogy, Loo,w
spllcs, and the brakes rcmzining applied on the enzine c-vsed the
engine to svay, follouving which at lesst one left draiviar -n ool
dropred inside the left rall and the right vwhecl f1 nzcs «]LM bod
the right rail to a point vhere the weizht and the 1l:ternl force,
cpplied at #n angle, overturned the right rai1l outrizrde The
flznge then ran in tne veb of the reil, vhich rcsulted 1in its
fracturc.

Conclusion

It is believed this geccident was couced by a comblinatvion of
vide gege, curve-vorn rsil, locse spikcs, vorn flanges, and
driving-vhecl brakcs remaining applicd on o curve, which rcsulted
in a vheel on the low giae dr opoing: innide the lou r._ il and the
hizh rail beroming ovbftufn@d.

Resgpcoetfully submiticd,
S e -l\l L] IZ’.{.ILLS,

Dircctors.
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