1407

INTERSTATE COMMERCE COMMISSION

REPORT OF THE DIRECTOR OF THE BUREAU OF SAFETY IN RE
INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE
ATCHISON, TOPEKA & SANTA FE RAILWAY NEAR YAMPAI ARIZ,
ON MARCH 13, 1928"

Marcm 25, 1929

Lo the ('ommassion
On Maich 13, 1928, there was a derailment of a passenger train on

the Atchison, Topcka & Santa Fe Railway near Yampai, Ariz, re-
sulting 1n the death of 1 mail clerk and 2 employees and the 1njury
of 27 passengers, 2 mail clerks, and 2 employees The investigation
of this acecident was made 1n conjunction with a 1epresentative of
the Aiirona Corporation Commission

LOCATION AND MELHOD OF OTERATION

This aceident occuired on the first district of the Arizona divi-
sion, extending belween Needles, Calif , and Seligman, Arz, a dis-
tance of 149 2 miles, 1n the vicinity of the pomnt of acaident this 1s
a double-track line over which tiaing are operated by time-table
tramn ordeis, and an automatic block-signal system The accident
occuried at a point about 1 1 mnles east of Yampai, approaching this
point from. the west theie 1s a short tangent, followed by a compound
curve to the left about 2,438 feet in length, with a maximum ecurva-
ture of 8° 107, the accident occuriing on this curve at a pomnt ap-
proxmately 2,047 feet fiom 1ts western end, where the curvatiie 1s
at its maximum The grade for eastbound trains 15 descending,
being 101 per cent at the point of accident

1The delay in 1ssmung this report was due to the fact that the mvestigation involved
laboiatoly and research work on a numbel of rails which displayed base seaminess
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The tiraclt was laid with 90-pound 1ails, 33 feet in length, witl
about 22 hardwood ties to the rail length, tie-plated, fully spiked,
and hallasted with fiom 10 to 12 mnches of cinders, rail anchors are
also used The 1ails at tlns point wete 1olled 1n 1920, and had been
used elsewhere prior to bemng laad on this cmive 1n May, 1925 At
the point of accudent the track was on a fill about 12 feet 1n height
Slow boards are located 1n advance of ceirtamn cmives and at other
points wheie the speed of traing 1s permanently 1estiicted, and 1e-
sume-gpeed hoaids are located at the end of the 1estricted teriitory,
at a pownt 3,063 feet west of the point of accident there 1s a slow
board, which limits the speed of traing to 24 miles per hour around
this particular curve

The weather was cloudy at the time of the aceident, which oceurred
at about 11 06 p m

DESCRIFTION

Eastbound passenge: tiain No 10 consisted of 2 baggage cars, 1
combination baggage and mail ca1, 1 baggage ca1, 1 coach, 1 chair
cat, 2 tounist cars, and 1 standard Pullman car, in the order named,
hauled by engine 3744, and was 1n chmge of Conductor Bland and
Engineman Cole The first, second, and touith cars weie of steel-
under frame construction, while the remamder were of all-steel con-
struction  This tramn left Peach Springs, the last open office, 137
miles west of Yampai, at 1083 p m, thiee minutes late, passed
Yampa at 1104 p m, on time, and was derailed while rounding the
curve at a speed estunated by the ciew to have been belween 20 and
30 miles pe1 hour

Engine 3744, together with 1ts tender, the fi1st s1x cars, and the
forward tiuck of the seventh car were derailed to the south, the
engimme was badly damaged and the fiist car was practically de-
molished, while the remammng deiailed cars wele more or less dam-
aged The employees killed were the engineman and the fileman

STUMMARY O} EVIDENCE

Starting at the westein end of the curve and proceedimg eastward,
there a1e 1,383 8 feet of 2° 15 curve, including the spiral, then
34172 fect of 8° 30" curve, 100 feet of 4° curve, and 100 feet of 6°
curve, Tollowed by 331 86 feet of 8° 10 cuive, and then 180 feet of
easement spnal, the 1mtial point of accident occuiring on the 8° 10/
portion of the compound cuive at a pomnt 121 3 feet from its west-
ern end Inspection of the tiack atter the accident disclosed that
s1x of the outsade rails of the curve had been torn out of the taack
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The mitial pownt of derailment occuried at the 1eceiving end of 1ail
4, these six rails being numbeted fiom west to east, 1n the direction
i which the timmn was moving  Four feel of 1ail 4 at 1ts receiving
end had been broken into seveiral pieces, two o1 three of which could
not be located, and the leaving portion of the 1a1l, 29 feet in length,
caught 1n the brake nigging undey the engine and was still there
when the engine came to 1est, this piece of 1a1l 4 was bent almost
double and had cairied with 1t the west half of 1a1l 5 The east
half of rail 3 1emamed bolted to rail 6, which was diago-
nally acioss the roadbed, fiom noithwest to southeast, and
which 1n turn remained bolted to rail 7, raals 6 and 7 remained
intact  Rails 1, 2, and 3 were torn out of the tiack appai-
ently by the buckling of the equipment as a 1esult of the accident
The bieak 1n 1a1l 4 ocenrred within the Limils of the rail joint con-
necting 121l 3 to 1a1l 4, the ties east of and including the second
tte east of the rail jomt were not distuibed, however, the two rail-
joint ties and the tie immediately east theieof weie shightly mailed,
while 66 ties west of these rail-joint ties, under 101ls 1, 2, and 3,
weie toln up !

Conductor Bland said that he was 11ding 1 the chau car and
that the first he knew of anything wrong was on feeling a chight jar,
followed by the running-m of the slack and then the occurrence of
the accidenl.  He also said that the speed of the tiam was about 30
miles pe1 hour when 1t was approaching the slow board, that the an
biakes were applied and the speed was 1educed to about 20 males per
hour, and that then the ai biakes weie released After the accident
he saw a bioken 1a1l, which, in his opimon, was the cause of the
derailment

Head Biakeman Rothlisbeiger was 11ding 1n the 1ear car, acting
m the capacity of flagman, he estimated the speed of the tiain to
have been between 30 and 40 miles per hour when 1t was apptoaching
the slow boaid and said that 1t was then reduced to between 20 and
30 mules per how, afier which the deirailment occuried After the
accrdent he saw maiks on the ties on the gauge side of the south o1
outside 1a1l under the head end of the seventh car, apparently wheel-
flange maiks, and he thought the accident was the result of spread
rails, he did not see a broken 1a1l

Flagman Wood, who had been relteved by the head hiakeman of
the duty of flagging and was riding 1n the fifth car at the time of the
accident, saxd he felt an an-biake application made 1n the vicity
of the slow board and then paid no mote attention to the manner 1n
which the air biakes weie operated untal they weie applied 1n
emergency at the tune of the aceadent  In his opinion the emeigeney
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application was made by the engineman and was not a 1esult of the
accident, as he said he had time to brace himself before the ciash
occurred  Flagman Wood immediately went back to flag and on
his way back noticed nothing irregular with track conditions

(Feneral Foreman of Bridges and Buildings Combs was riding in
the fifth car at the time of the accident and he estimated the speed
of the train to have been, about 20 o1 25 males per hour at that time
An air-brake application was made 1n the vicinity of the slow board
and then the brakes were teleased, the accident occurning shortly
afterwards He was of the opinion the acaident wag caused by a
broken 1ail, as was Brakeman Devaney, who was also deadheading
on tram No 10

Road Foreman of Engines Richards atiived at the scene of the
acctdent a few houis after 1ts oceurlence and found the throttle of
the engme closed, the biake valve i full-1ielease position, and the
handle of the mndependent brake valve 1n application position, there
was conslderable débris and hoken parts lying aganst the brake
valve, however, and 1n his opimon 1t was this materlal that forced
the brake valve to the release position His nspection of the engine
failed to disclose any defect that would have caused the accident,
there was a secar on the flange of the 11ght front engine-truck wheel,
appalently caused by striking metal, and he thought that the aceadent
mught have been caused by a small part of the head of the rail having
broken off

Dhivision Engmeer West stated that the mavimum gauge of the
curve was 4 feet 875 inches, while the maximum supeielevation of the
outside 1a1l was 434 inches, sufficient for the 1ate of speed allowed
The division engineer also stated that he had not reached any con-
clusion as to the canse of the acaident

The evidence seemed to ndicate that this accident was the result
of a broken 1ai1l  An examination as to the reasom for the failure
of this 1211 was made by Mr James E Howard, engineer-physicist,
whose 1eport immediately follows

RFPORT OF TIIE FNGINEER-PHYSICIST

The derailment of tiamn No 10, Maich 13, 1928, near Yampaa,
Ariz, was apparently caused by the fracture of 1a1l designated in
the testimony as No 4 Tiom the evidence piesented by the frag-
ments, the primary cause of the derailment was the fiactwie of this
rail m the jomt at its 1eceiving end  The type of fiactwe was a
modihed halt-moon o1 crescent-shaped bieak, ocemring at the imme-
diate receiving end of the rail The cuicumstances attending the de-
1ailment lead to the inference that the track was in a weakened con-
dition when train No 10 entered upon it Rail 4, on the high side of
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Ticurr 14 —View of deirauled hiam

I'tcoRE 1B —Cloger view of englue



ACCIDENI' NlATL YAMPAI, ARIZ 7

an 8° 10" emve, was broken in the joimnt, between the splice bais, the
speed of the {1ain was slow, fingmentation of the splice bais and
recervmg end of the rail occuired under the engine, the engine took
a tangent coulse, cariying with 16 29 feet of the forward pait of ra1l
4, malking with 1t a loop which included a pait of 1a1l 5, rails 1, 2,
and 3, over which the engine had passed, were diagged tiom the
roadbed out on the high side of the cmive by the equupment

This outhne of what ocemired at the time of the derailment 1s
suppoited by the evidence piesented by the {ragments of rml 4
The 1ecerving end of a f1apment of the base of rail 4, matched 1n 1ts
position between the splice bais, showed one poition of a cirescent-
shaped break The distance from this fiagment to the end of the
ruil was 3 inches, 1epresenting a section of the 1ai1l which was not
1ecovered The missing pieces can be 1econstiucted, since the 1e-
covered fragment 1s typical of this type of fracture and this type only

Figuie 2 repiesents the base of the rail, the shaded portion indicat-
ing the missing paits  Base fractules are commonly pogiessive,
not immecdhately forming mn new 1ails but with an mterval of time
elapsing belween their incipient formation and final rupture They
ongmate at a longrtudinal seam 1n the lower suiface of the base,
thence gradually extending upward A crescent-shaped piece of the
base 1s eventually detached The final stape of complete 1upture 1s
reached by the upwaid extension of the fiactmie from the base ot
the 1a1], tiaversing upwaid through the web and the head Ths
1eview presents the 1easons fo1 thinlung the derailment followed a
pre-existing state of weakmess 1n the track

.

bFILURE 2 -—8ketech showing typici lines of 1upturc of eies
¢ent shaped base fractules  Shaded portion missing in this
dexrmilment

On tangent track, and with hagher speeds, the engine which com-
pletes the 1upture of the rail commonly passes on without derailment
There 1s no force present adequate to suddenly change the direction 1n
which the engine 1s moving, therefore 1t continues on the rails 1n
tiont of 1t In the present case the impulse of the engine and equip-
ment was to take a tangential course A weakened jomt 1n the tiack
on the high side of the cuive did not offer sufficient centrifugal
lesistance to continue the engine in its cucular couise, hence the
tramn was derailed

The fragmentation at the receiving end of rail 4 natwally con-
tinued the first break at the jomnt and when the engine left the track
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and 1its driving wheels had spanned the lngh 1a1l, 29 fect of 1ts length
was picked up and cairled torward, fooming a laige loop

Iigure 3 shows an end view of the fracture of the base of rail 4
the receiving end of the first recovered fiagment This was photo-
graphed 1n 1ts relative position to the fractured splice barzs The
splice bars were bioken at the middle of their lengths The line of
tupture of the mnner splice bar changed 1ts vertical course, and tei-
minated at the spike notch in 1ts flange

Tt will be noted that the lower surface of the base, as the rail
appeared when 1n the tiack, gave no evidence of longitudmal seam-
ness The mill scale, a magnetic oxide, extended acioss and Iud
fiom view the surface mamifestations An “ X 1s placed on this cut
and on the following figuie to 1ndicate the same spot on the 1a1l

Figure 4 shows the base of the same fragment 1llustrated in the
preceding figuze  The fragment was cut i two and onc part pckled
m hot hydiochlorte acid This treatment brought mmte view the
presence of suiface seams

It has been the experience in the examination of ciescent-shaped
base f1actures that such fractures invanably started at a longitudinal
gseam In some cases the seam was several hundredths of an inch
m depth and displayed blue-black walls Such a seam o1 lap was
made without doubt duiing the fabrication of the rail  Other ex-
planations have been offered for the piesence of some of these mani-
Testations Shoit, miermittent lines have been aliributed to the
brealing thiough of small blowholes which had foimed neair the
surface when the ingot was cast

The presence of suface seams covering a portion of the periphery
of the head and a portion of the base led to the introduction of a
desearnming process which at least removed the seaminess at the
paiticular pass at which 1t was done Diagonal rolling has been
given consideration n the fabiication of rails

Structural shapes display similal seaminess, often much exag-
gerated, and 1 whieh thele 13 a 1elation between the Iocation of the
ceams and the roll designs 1n which the shapes were formed Seams
are found at definite places 1n rolled angles, channels, and beams,
espectally mn the latter m pronounced degiee

The effects of seams would be mimimized 1f those of the base
could be restiicted to the edges of the flanges ILattle danger to a
1a1] attends the detachment of a small crescent-shaped fiagment
fiom the edge of the flange Such fiactmes do not extend inwaid
laterally to the web Reductions from the ingot must be made at
plastic temperatures, which vary i different parts of the cross sec-
tion of the shapes, particularly so as the final passes aile 1eached
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DieLae 3 —Ty2ctned sphice s atrd Base of 1ail No 4 neur veee1tving end
10415—29-———2
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The punapal change 1 the dimensions of the moots and dervatne
shapes 1s that of length  Tlus featwre causes no coneern to the ueers
of 10lled shapes The final shapes, however, must conform to tem-
plate m oider to pass specification  Lateral changes i the 1olled
shapes must m the end bring about the cross section of the finished
1a1l, the exactness of wluch 15 generally msisted upon by the users
of the 1a1ls

Influences which lead {o the formation of smface seaminess appear
to cause different iesults on different occacions  Some rails me
neaily {iee ftom <eaminess whereas others are very wmuch affected
too seamy to Justify putting them into the track

Tests of bases of 1a1ls by crosswiee bindimg the flanges, display
a lugh degree of stiength apparently m excess of se1vice r1equuie-
ments  Such results, however, Tuimsh additional examples of the
teniote relations between pumiiive static tests and the endmance of
1epeated stiams of seivice  Vanlations in the state of seaminess of
the bases ot different 121ls fiom those nearly imnune and those
extiemely charged with numetous and deep seams, would appear to
mdieate that some contiol of conditions at the mill was possible du-
g tabiieation wlueh would 1estiain then formation

Cases have heen presented 1 which base seannness was <o pio-
nounced that fiagments could be knocked off with a sledge at will,
almosl anywheie On the othar hand, crescent bieaks have been
startedd by scaminess 1n the base durectly under the web of such
Limited extent that only complete and absolute elimmation of the
seatns would seem effectual against ultimate 1uptule from that cause

Heavy bases are obviously stionger than lhight ones  Inteinal
stiains of cooling are less in thick than in thin flanges  Rails can
be stiengthened i the base, still leaving the matter of surface
seammess uncorrected

Another example of a ciescent-shaped hieak 1s piresented by Fig-
mes 5 and 6, showing the end ol a bioken 1411, corresponding to that
of the 1ecovered fragment of the 1a1l mvolved 1n the present derail-
nment  Thece two cuts 1epresent a 110-pound tail which firactmed
m se1vice A crescent-shaped fiagment which oniginated at a longi-
tudinal smtace seam was detached from the hase At one end the
line ot 1uptme was diverted Tiom 1ts course paiallel to the axis of the
1a1l, extending obliquely to the edge of one flange At the other
end, after a sheght change 1n duection, the 1uptune bifuicated and
extended each way to the edges of the flanges  From the maddle of
the base 1t took an upward course and sepmated the metal of the
web and the head, thus completing the fiactmie ot the 1a11  The
shape ot the base al the fractmed end was the same m each ot these
two 1ails  This being commoen to all fractwes of this type, 1t 1s
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not necessaly to be m possession of each end of the 1a1] to 1dentrfy the
iype of fractine

Figmie 5 shows the base ot this 110-pound 1ail as 1t appeared
when 1emoved fiom the tiack No seamness 15 shown, nor sug-
gestion ot that which existed helow the null scale

Figme 6 shows ats appeaiance after pickhing 1 hot hydiochlonie
acid, dasplaying very pronounced seams The other end of this 1ail,
not necessary to 1eproduce here showed a contimuation of the seams
and the origmn of the crescent-<haped fractuie at one of them

The question 15 1a1sed f1om tmne {o time concerning the output of
the different 1a1l mills as to the prevalence ot suetace seaminess
theur products, whether the 1ails tiom the different malls were
different o1 substantially the same, whether cifferent weights ot 1ails
differed, whether those of different ingot position showed any modi-
fication tiaceable to that cause

Fou this puipose sections of 1a1ls from eaclh of the ceveral 1l
mills excepting the mill which rolled the 1a1l 1esponsible for (he
present. acudent, were exammed Shott sections were pickled
hot acid and thenr bases photographed  The 1ecnlts were not all
the same m degiee. but {1om no souce weie rails presented of com-
plete exemption from base seaminess (General experience leads to
the beliet that fluctuations would be found 1f the tests were 1epeated
but substantially the <ame 1esults would be 1eached

A number of cuts are presented which illustiate prekled <ections
ot bases of 1a1ls 1rom the different nulls

Figme 7 1epiesents a 90-pound 1a1l, ingot letter I3 Swiface scanu-
ness 15 most pronounced near the edees of (he flanges; although the
middle of the width of the base showed a number of sharply defined
seains

Figute 8 1epmesents a J0O-pound 121l 1ngot letter C Swiface
seams and light coloted stieaks are piesent but not sha ply defined
Duration of exposine in the bath has an effect on the 1esulf of the
prekling

Fiagme 9 1epre.ents a 105-pound 1a1l ingot letter unknown  Swm-
tace seams shaiplv defimed, some, apparently of considerable depth
ate shown

Ifgure 10 1eprecenis the base of a 110-pound rau, one-halt of
which was prckled, with one-half showing the smiiace as 1t came
fiom the tolls  The pickled surface displayed sharplv defined ceams
of which, on the untieated suitace there were no mdications

Figmie 11 1epresents the base of a medinm manganese steel 1ail,
127-pound weight, ingot letter A This 1a1l exhibited a 1nailed
state of seamuness Tt was an A rail  Rails fiom dufferent parts
of the mngot we expected to show differences m <egregation of the
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Frauir 3 —Nase of u 110 pound 1711 Appearance before plekling
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FIGere T—PBase of 1 90 pound 1m1  Appearance after pickling mm hot hidiochloric
Wid  One of a4 »e11es fiom diferent 1l mlls
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Figure 10 —Base of a 110 pound 1ml  Appeniance of base upper part of cut,
before pickhing, lower pait of eut ofter pickling in hot hydrechloric aecld
One of a ser1es of 12118 from different steel maills
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FicunE 11 —PBpse of n 127-pound rail medimm manganese steel  Appeaince after
plekling in hot hydrnchloiic aeid  One of a serles of 1<uls from different steel
mills
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chemical elements, posttive ot negative, foreign inclusions, and blow-
holes Tt 1s not clear, however, that suifaces should differ according
to mpot position

Figure 12 represents the base of a 130-pound 1ai1l, ingot letter C
Suitace seams are distiibuted heie and there over the surface

Figure 13 1epresents the base of a 130-pound ra1l, mgot letter un-
known The seams are shaiply defined They are distributed quite
gencrally but most pronounced along the middle of the suiface of
the base

Weights pei yard, ingot letier, and chenmucal composytion of 1ails from different
steel malls

| Chemneal composition ladle analyses
| Weight _ -
| No | pounds {éﬁgﬁ y T o
per yard Y o) Manga 13 .
i Carboen nese photus Sulphur | Siheon
| 7 90 B 65 78 026 0394 156
a 100 C kil 65 025 a1 20
9 105 7L 83, 029 o 18
10 110 C 80 70 026 028 19
11 127 A 57 15 025 025 10
12 130 (&) 77 85 | 028 040 a1
| 18 | 130 '

These examples represent rails of 1ecent 10lling taken at 1andom
Rails come to notice in which the surface seaminess 1 mote con-
spicuous than those here presented, also there are those which dis-
play a lesser number of seams The degree of prominence of the
seams 1n ndividual cases may depend upon the length of exposuie
i the pickhing bath  "The mill scale 15 1emoved by the acid and
some of the metal put mto solution  The longer the period of piclk-
Iing the mome of the steel goes into solution, and the wider the seams
appem

A sharp reentering angle, as well known, 18 a menace to all grades
of carhon steels which are exposed (o repeated stiesses, and espe-
aally alternating stiesses 1t 1s probably safe to say also menacing
to steels exposed to shocks and vibratory stiess  The metal may not
be weaker inheciently at the 100t of a shaip seam, 1t may even be
slionger by 1eason of attached i1eenforcement of adjacent metal,
but vibratory strains aie interiupted and intensified at such places
Shocks, wave motions, and vibratory stiains are common to railway
track and equipment, and these factois lead to certamn kinds of
fractures

Knowledge of how to 1ead fractwies, to 1dentify their pomnts of
mnception and determine the direction i which they fiaveise the
member 18 s0 easily acquired that a coilect dhagnosts of most frac-
tuies should be macde DBut such a method of procecdure 15 seldom
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followed Orcinaiily fiactiied material 1s submitted for test to
determine whether 1ls physical properfies meet the specifications
under which 1t was puichased, no attention being paid to the featuies
responsible fo1 1ts rupture; an open book but not read A gieat
waste of effort constantly goes on in these retests of material
Tensile tests, Brinell hatdness, chemical composition and examina-
tion of microstructuie compiise the usual range of laboratory tests
for fractured mateizal They have no specific relation to the cause
of rupture when for example the reason for rupture was the presence
of a seam 1n the steel Equally untrustwoithy 1s attributing the
primitiie fiactuie to a locatron m the rail where only secondmy
1esulty could take place

SUMMARY

The cause of the present deralment 1s attiibuted to a base frac-
tuie at the receiving end of r1a1l designated as No 4 Tt was a
fractuie of the cescent-shaped type Ocevriing at the immechate
end of the rail, some of the materlal which goes to make up an
ordinary fractme of this lund was not immcluded 1n the portion of
the 1a1l bioken The primitive portion of the fracture was covered
by the splice bars, and therefore hidden from view

Engineers who have to do with the metallurgy of rails should take
up the study of fiactured suifaces The examination of such sm-
faces supplies 1eliable data upon which causes of fracture can 1chably
be founded Coirectly inter preted such evidence points to the tiue
cause of ruptuie  Several fiactured surfaces were exhilnted by rail
4, but they weie socondary to the break at the immediate 1ecerving
end This derarlment again brings to notice a danger zone 1 Lhe
length of the 121l not shown by electiic t1ack eiremts and hidden fi1om
view against t1ack mnspeection, namely, the shott sectron hetween bond
wiles and covered by the splice plates

Respectfully submatted
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