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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 1 

MARCH 25, 1929 
To the Commission 

On Maich 13, 1928, there was a derailment of a passengei tiain on 
the Atchison, Topcka & Santa Fe Railway near Yampai, Ariz , re
sulting in the death of 1 mail cleik and 2 employees and the injury 
of 27 passengers, 2 mail clerks, and 2 employees The investigation 
of this accident was made in conjunction with a lepiesentative of 
the An/ona Coiporation Commission 

LOCATION AND ME'lHOD OF OPERATION 

This accident occuired on the first distuct of the Arizona divi
sion, extending between Needles, Calif, and Seligman, Ariz , a dis
tance of 149 2 miles, m the vicinity of the point of accident this is 
a double-track lino ovei which tiains aie operated by time-table 
tram oideis, and an automatic block-signal system The accident 
occuned at a point about 1 1 miles east of Yampai, appioaching this 
point f iom the west theie is a short tangent, followed by a compound 
curve to the left about 2,438 feet m length, with a maximum cuiva-
tuie of 8° 10', the accident occurung on this curve at a point ap
proximate^ 7 2,047 feet fiom its western end, where the curvatuie is 
at its maximum The grade for eastbound trains is descendmgT 

being 1 01 pei cent at the point of accident 

1 The delay in issuing this report i\as due to thp fact that the investigation involved 
labaiatoij and research vork on a nnmhei of rails which displujeu. base seammcss 
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The tiack was laid with 90-pound lails, 33 feet in length, with 
about 22 hardwood ties to the rail length, tie-plated, fully spiked, 
and ballasted with fiom 10 to 12 inches of cmdeis, rail anchors are 
also used The lails at this point weie ioiled in 1920, and had been 
used elsewhere pnor to being laid on this cuive in. May, 1925 At 
the point of accident the tiack was on a fill about 12 feet in height 
Slow boards are located in advance of ceitam cuives and at othei 
points wheie the speed of trams is permanently lestucted, and le-
sume-speed hoaids are located at the end of the lestricted terntory, 
at a point 3,063 feet west of the point of accident there is a slow 
board, which limits the speed of trams to 24 miles pei houi around 
this paiticular curve 

The weathei was cloudy at the time of the accident, which occuried 
at about 11 06 p m 

DESCRIPTION 

Eastbouncl passengei tiam No 10 consisted of 2 baggage cars, 1 
combination baggage and mail cai, 1 baggage cai, 1 coach, 1 chair 
cai, 2 tounst cars, and 1 standard Pullman cai, in the order named, 
hauled by engine 3744, and was in chaige of Conductor Bland and 
Engineman Cole The first, second, and touith cars weie of steel-
undcifiame construction, while the remainder were of all-steel con
struction This tram left Peach Springs, the last open office, 13 7 
miles west of Yampai, at 10 33 p m , thiee minutes late, passed 
Tampai at 11 04 p m , on time, and was dei ailed while rounding the 
curve at a speed estimated by the ciew to have been between 20 and 
30 miles pei houi 

Engine 3744, together with its tender, the fiist six cais, and the 
foiwaid tiuck of the seventh cai were derailed to the south, the 
engine was badly damaged and the. fiist car was piactically de
molished, while the lemammg dei ailed cais weie more or less dam
aged The employees killed were the engmeman and tho fiieman 

S U M M A R Y 0 1 EVIDENCE 

Starting at the western end of the curve and proceeding eastw ard, 
theie aie 1,383 8 feet of 2° 15' cuive, including the spiral, then 
34172 feet of 3° 30' curve, 100 feet of 4° cuive, and 100 feet of 6° 
cuive, followed by 33186 feet of 8° 10' cuive, and then 180 feet of 
easement spnal, the initial point of accident occurring on the 8° 10' 
portion of the compound cuive at a point 121 3 feet from its west
ern end Inspection of tho tiack after the accident disclosed that 
six of the outside rails of the curve had been torn out of the tiack 
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The initial point of deiailment occuucd at the leceivmg end of lail 
4 these six iails being nnmbeied fiom vtest to east, in the direction 
>n which the tiain was moving- Four feet of lail 4 at its leceiving 
end had been bioken into seveial pieces, two oi three of which could 
not be located, and the leaving portion of tho lail, 29 feet in length, 
caught m the biake ngging undei, the engine and was still theie 
when the engine came to iest, this piece of lail 4 was bent almost 
double and had cairied with it the west half of rail 5 The east 
half of rail 5 lemamed bolted to rail 6, which was diago
nally acioss the roadbed, f iom noithwest to southeast, and 
which in turn remained bolted to rail 7, iails 6 and 7 remained 
intact Bails 1, 2, and 3 were torn out of the tiack appar
ently by the buckling of the equipment as a lesult of the accident 
The bieak in rail 4 occunod within the limits of the lail ]oint con
necting iail 3 to lail 4, the ties east of and including the second 
tie east of the rail joint weie not distuibed, howevei, the two ia.il-
joinfc ties and the tie immediately east theieof weie slightly maiked, 
while 66 ties west of these lail-jomt ties, under iails 1, 2, and 3, 
Aieie torn up 1 

Conductor Bland said that he was nding in the chan car and 
(hat the first he knew of anything wrong was on feeling a slight jar, 
followed by the nmning-m of the slack and then the occuirence of 
the accident He also said that the speed of the tiam was about 30 
miles pei hour when it was approaching the slow boaid, that the an 
bialtos weie applied and the speed was leduced to about 20 miles per 
houi, and that then the an biakes weie released After the accident 
he saw a bioken lail, which, in his opinion, was the cause of the 
derailment 

Head Biakeman Rothlisbeiger was ndmg in the leai car, acting 
m the capacity of flagman, he estimated the speed of the tiam to 
have been between 30 and 40 miles per hour when it was appioaching 
tho slow boaid and said that it was then ieduced to between 20 and 
30 miles pei houi, aftei which the deiailment occuned Aftei the 
accident he saw maiks on the ties on the gauge side of the south oi 
outside iail undei the head end of the seventh car, apparently wheel-
flange maiks, and he thought the accident was the lesult of spread 
mils, he did not see a bioken lail 

Flagman Wood, who had been leheved by the head biakeman of 
the duty of flagging and was nding in the fifth cai afc the time of the 
accident, said he folt an an-bi aire application made in the vicinity 
of the slow board and then paid no moie attention to the manner in 
which the air bialtcs weie opeiated until they weie applied m 
emergency at the tune of the accident In his opinion the emeigcncy 
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application was made by the engineman and was not a lesult 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 niegulai with track conditions 

General Foreman of Bridges and Buildings Combs was riding m 
the fifth cai at the time of the accident and he estimated the speed 
of the tram to have been about 20 01 25 miles per hour at that time 
An air-brake application was made m the vicinity of the slow boaid 
and then the brakes were leleased, the accident occuiung shortly 
afterwaids He was of the opinion the accident was caused by a 
broken lail, as was Brakeman Devaney, who was also deadheading 
on tiam No 10 

Road Foreman of Engines Richards ailived at the scene of the 
accident a few horns aftei its occunence and found the thiottle of 
the engine closed, the biake valve in full-ielease position, and the 
handle of the independent brake valve in application position, there 
was considerable debris and bioken parts lying against the brake 
valve, however, and in his opinion it was this matenal that forced 
the brake valve to the release position His inspection of the engine 
failed to disclose any defect that would have caused the accident, 
there was a scar on the flange of the light front engine-truck wheel, 
appaiently caused by striking metal, and he thought that the accident 
might have been caused by a small part of the head of the rail having 
bioken off 

Division Engineer West stated that the maximum gauge of the 
cmve was 4 feet S7/s inches, while the maximum supeielevation of the 
outside lail was 4% inches, sufficient foi the late of speed allowed 
The division engineei also stated that he had not leached any con
clusion as to the cause of the accident 

The evidence seemed to indicate that this accident was the result 
of a broken lail An examination as to the reason foi the failure 
of this lail was made by Mr James E Howard, engmeer-physicist, 
whose lepoit immediately follows 

HI POET OF T H E FNGINEER-FHYSICIST 

The dei ailment of tiam No 10, Maich 13, 1928, near Yampai, 
Ariz , was apparently caused by the fracture of lail designated m 
the testimony as No 4 Fiom the evidence piesented by the frag
ments, the primal y cause of the dei ailment was the fiactuie of this 
rail m the joint at its leceivmg end The type of fiactuie was a 
modified halt-moon oi crescent-shaped bieak, occmrmg at the imme
diate receiving end of the rail The encumstances attending the de-
lailment lead to the inference that the tiack was in a weakened con
dition when tram No 10 enteied upon it Rail 4, on the high side of 
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FIGUHH 1E—Closei view of engine 
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an 8° 10' cmve, was broken m the joint, between the splice bais, the 
speed of the tiain was slow, fIagmentation of the splice bais and 
receiving end of the rail occuired undei the engine, the engine took 
a tangent couise, cariying with it 29 feet of the foi waul pait of iail 
4, making with it a loop which included a pait of iail 5, rails 1, 2, 
and 3, ovei which the engine had passed, were diagged fiom the 
roadbed out on the high side of the cmve by the equipment 

This outline of what occuned at the time of the dci ailment is 
suppoited by the evidence piesented by the liagments of iail 4 
The leceivmg end of a fi agment of the base of rail 4, matched m its 
position between the splice bais, showed one poition of a ciescent-
shaped break The distance fiom this fi agment to the end of the 
rail was 3 inches, )ejiiescntmg a section of the iail which was not 
lecoveied The missing pieces can be leconstiucted, since the le-
coveiecl fi agment is typical of this type of fiactuie and this type only 

Figuie 2 repiesonts the base of the rail, the shaded portion indicat
ing the missing paits Base fiactuies are commonly piogiessive, 
not immediately foiming in new lails but with an mtenal of time 
elapsing beLween their incipient formation and final rupture They 
onginate at a longitudinal seam in the lower suiface of the base, 
thence gradually extending upwaid A ciescent-shaped piece of the 
base is eventually detached The final stage of complete lupture is 
leached by the upwaid extension of the fiactuie f iom the base of 
the iail, tiaveismg upuaid through the web and the head This 
leview piesents the leasons foi thinking the derailment followed a 
pie-existing state of weakness m the track 

l i t U H B 1—Sketch showing typic il lines of lupture of eies 
cent shaped bine frictuies Shaded poition misting in this 
deinilment 

On tangent track, and with higher speeds, the engine which com
pletes the luptuie of the rail commonly passes on without derailment 
There is no force present adequate to suddenly change the direction in 
which the engine is moving, therefore it continues on the rails in 
fiont of it In the piesent case the impulse of the engine and equip
ment was to take a tangential couise A weakened joint in the tiack 
on the high side of the cuive did not offer sufficient centnfugal 
lesistance to continue the engine m its cucular couise, hence the 
tram was derailed 

The fragmentation at the receiving end of rail 4 natmally con-
tinned the fiist break at the joint and when the engine left the tiack 
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and its cliivmg wheels had spanned the high iail, 29 feet of its length 
was picked up and earned foi ward, foimmg a laige loop 

Figure 3 shows an end view of the fracture of the base of rail 4 
the receiving end of the first lecovered fiagment This was photo
graphed m its relative position to the fiactured splice bais The 
splice bais weie bioken at the middle of their lengths The line of 
luptuie of the innei splice bar changed its vertical course, and tei-
minated at the spike notch in its flange 

It will be noted that the lower surface of the base, as the rail 
appeared when in the tiack, gave no evidence of longitudinal seami-
ness The mill scale, a magnetic oxide, extended acioss and hid 
fiom view the surface manifestations An " X " is placed on this cut 
and on the following figuie to indicate the same spot on the iail 

Figuie 4 shows the base of the same fragment illustrated in the 
picceding figuie The fragment was cut m two and one part pickled 
m hot hydiochlouc acid This treatment brought into view the 
picsence of suiface seams 

It has been the experience in the examination of ciescent-shaped 
base fiactuies that such fractures invanably staited at a longitudinal 
seam In some cases the seam was seveial hundiedths of an inch 
in depth and displayed blue-black walls Such a seam oi lap was 
made without doubt duung the fabrication of the rail Othei ex
planations have been offeied for the piesence of some of these mani
festations Shoit, mteimittent lines have been attributed to the 
bieakmg thiough of small blowholes which had foimed neai the 
surface when the ingot was cast 

The piesence of suiface seams covering a portion of the penpheiy 
of the head and a portion of the base led to the introduction of a 
deseaming piocess which at least removed the seaminess at the 
paiticular pass at which it was done Diagonal rolling has been 
given consideration in the fabucation of rails 

Structural shapes display similai seaminess, often much exag
gerated, and m which theie is a lelation between the location of the 
seams and the roll designs in which the shapes were foimed Seams 
are found at definite places in rolled angles, channels, and beams, 
especially m the latter in pionouncecl degiee 

The effects of seams would be minimized if those of the base 
could be restneted to the edges of the flanges Little danger to a 
iail attends the detachment of a small crescent-shaped fiagment 
fiom the edge of the flange Such fiactuies do not extend mwaid 
lateially to the web Eeductions from the ingot must be made at 
plastic temperatures, which vaiy in difTeient parts of the cioss sec
tion of tho shapes, particularly so as the final passes aie leached 
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The pimupal change m the dimensions of the ingots and dema tne 
shapes is that of length This featiue causes no concern to the u^cis 
of lolled shapes The final shapes, howevci, must confoim to tem-
jilate in oidci to pass specification Lateial changes m tho 1 oiled 
shapes must in the end bung about the cioss section of the finished 
iail, the exactness of which is geneially insisted upon by the useis 
of tho iails 

Influences which lead to the foimation of smface seamincss appeal 
to cause diffeient lesults on diffeiont occasions Some iails aio 
neaily fiee fiom seaimness wheieas otheis aie \eiv much afEectcd 
too seamy to justify putting them into the tiack 

Tests of bases of n i l s by crosswise binding the flanges, display 
a high degiee of stiength ajrpaiently in excess of seivice 1 equip
ments Such lesults, howevei, furnish additional examples o l the 
lemote relations between pumitivc static tests and the enduiance of 
lepeated stiams of seivice Vanations in the state of seammess of 
the bases oi diffeient iails fiom those neaily lmiminc and those 
extiemely charged with numeious and deep seams, would apjieai to 
indicate that some contiol of conditions at the mill was possible din
ing fabncation which would lestiam then foimation 

Cases have been pi esented in which ba ce seaimness w as HI pi o-
nounced that fiagments could be knocked off with a sledge at will, 
almost anywheie On the othei hand, cioscent bieaks have been 
staited by seammess m tho base dncctly unclei the web ot such 
limited extent that only comjilcte and absolute elimination of the 
seams would seem effectual against ultimate liiptme fiom that cause 

Heavy bases aio obviously stiongei than light ones Internal 
stiams of cooling aie less in thick than m thm flanges Kails can 
be stiengthened in the base, still leaving the mattei of siuface 
seammess uncorrected 

Another example of a cicscent-shaped bieak is jn esented by Fig-
mes 3 and 6, showing the end oi a bioken lail, conesponding to that 
oi the lecovered fiagmcnt of tho lail involved in the piesont deiail
ment The=e two tuts lepicsent a 110-pound lail which fiactuied 
in seivice A ciescent-shaped fiaginent which onginatcd at a longi
tudinal sin face seam was detached fiom the base At one end the 
line of luptuie was diveitcd fiom its ionise paiallel to the axis of the 
lail, extending obliquely to the edge of one flange At the othei 
end, altei a slight change m dnection, the liiptme bifuicated and 
extended each way to the edges of the nangeB F iom the middle of 
(he base it took an upwaid couise and sepaiated the metal of the 
web and the head, thus completing the fiactuie of the lail The 
shape oi the base at the fiactuied end was the same in each of these 
two iail« This being common to all fiactmes of tins type, it is 
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not necessaiy to bo in possession of each end ol the 1 ail to identify the 
type of fiactuie 

Figuie 5 shows the base of this 110-pound iail as it appealed 
when lemovcd fiom the tiack No seaminess is shown, 1101 sug
gestion of that which existed below the null scale 

Figuie 6 shows its appealance aftei pickling in hot hydiochlouc 
acid, displaying veiy pionounced seani'- The othei end of this iail, 
not necessaiy to lepioduce heie showed a continuation of the seams 
and the origin of the ciescent-shaped fiactuie at one of them 

The question is laised fiom time to time concerning the output of 
the diileient iail mills as to the pievalence of suiface seaminess in 
then pioducts, whethei the lails fiom the diffeient nulls weie 
diffeicnt 0 1 substantia 11 y the same, whethei diffeient weights of lails 
diffeied, whethei those of diffeient ingot position showed any modi
fication ti aceable to that cause 

Foi this puiposc sections of i ails fiom each of the se^eial iail 
mills excepting the mill which lolled the iail lesponsible foi the 
piesent accident, weie examined ShoiL ce( lions weie pickled in 
hot acid and then bases photographed The I exults weie not all 
the same in degiee. but fiom no sou ice weie lails picsented of com
plete exemption fiom base seaminess Geneial cxpenence leads to 
the belief that fluctuation0 would bo found if the tests weie lepeated 
but substantially the <.ame lesnlts would be leached 

A numbei of cuts aic piesented which illustiate pickled sections 
of ba^cs of lails l iom the diffeient nulls 

Figuie 7 lepiesents a 90-pound iail, ingot lettei 15 Suiface seami
ness is most pionounced neai the edges of the flanges, although the 
middle of the width of the base showed a numbei of bhaiply defined 
^eam^ 

Figuie 8 lepi cents a J 00-pound i ail ingot lettei C Suiface 
seams and light culoied stieaks aie piesent but not shaiply defined 
Duiation of exposme in the bath has an effect on the lesult of the 
pickling 

Figuie 9 iepicents a 105-pound iail ingot lettei unknown Sui
face seams shaiply defined, some, appaiently of consideiable depth 
aie shown 

Figuie 10 lepievents the base of a 110-pound iail, one-half of 
which was pickled, with one-half showing the sm lace as it came 
fiom the lolls The pickled suiface displayed shaiply defined reams 
of which, on the untieated suiface theie weie no indications 

Figuie 11 lepiesents the base of a medium manganese steel iail, 
127-pound weight, ingot lettei A This iail exhibited a niaiked 
state of seaminess It was an A iail Hails fiom diffeient paits 
of the ingot aie expected to show diffeiences m segiegation of the 
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FiGijiit 5—Hise of n 110 pound nil Appearance befoie pickling 
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F i g u r e 7 — B isi of 1 00 pound mil Appealancc iftei pickling in liof In diochlorir 
lticl One of IL senes, fiom diffeicnt 1 1 1 I mills 
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FIGURE 10—Ka.se of a 110 pound mil Appeaiance of base upper part of cut, 
before pickling, lower pint of cut after pickling m hot hydrochloric acid 
One of a senog of lads from diffeient steel mills 
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FIGUUB 11—Base of a 127-pound rail medium manganese steel Appeaiincc after 
plcfelmg In hot hydrochloiic acid One of a series of nils from different steel 
mills 
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chemical elements, positive 01 negative, foieign inclusions, and blow
holes It is not clear, howevei, that suifaces should diffei according 
to ingot position 

Figure 12 represents the base of a 130-pound iail, ingot letter C 
Suiface seams aie distubuted heie and there ovei the suiface 

Figure 13 lepiesents the base of a 130-pound iail, mgot letter un
known The seams aie shaiply defined They aie distubuted quite 
geneially but most pionounced along the middle of the suiface of 
the base 

Weights pei i/aid, ingot lettei, anH chemical composition of mils fiom diffoent 
steel mills 

Weight 
pounds 
per yard 

Ingot 
letter 

Chemical composition ladle analyses 
No 

Weight 
pounds 
per yard 

Ingot 
letter 

Cirbon Manga nose Phos phoius Sulphur 

014 
ora 
03 o 
028 
025 
040 

Silicon 

7 
8 
9 
10 
11 
12 
13 

90 
100 
105 
110 
127 
130 
I JO 

B 
c 
c 
A 
c 

65 76 71 80 57 77 

78 02ft 
65 025 
83 , 029 
70 02ft 

1 Tj 025 
65 | 029 

Sulphur 

014 
ora 
03 o 
028 
025 
040 

15fi 
20 18 
10 10 21 

These examples repiesent lails of lecent loiling taken at landom 
Rails come to notice in which the surface seaminess is moie con
spicuous than those here xiresented, also theie are those which dis
play a lesser number of seams The degree of prominence of the 
seams in individual cases may depend upon the length of exposuie 
in the pickling bath The mill scale is lemoved by the acid and 
some of the metal put into solution The longer the period of pick
ling the moie of the steel goes into solution, and the wider the seams 
appeal 

A sharp leentermg angle, as well known, is a menace to all giades 
of caibon steels which aie exposed to repeated stiesses, and espe
cially alternating stiesses It is piobably safe to say also menacing 
to steels exjiosed to shocks and vibiatoiy stiess The metal may not 
be weaker inhcientry at the loot of a shaip seam, it may even be 
stiongei by ieason of attached lecnfoicement of adjacent metal, 
but vibiatoiy strains aie interrupted and intensified at such places 
Shocks, wave motions, and vibiatoiy stiains are common to railway 
tiack and equipment, and these factors lead to ceitain kinds of 
fiactuies 

Knowledge of how to lead fractines, to identify their points of 
inception and determine tho direction in which they tiaveise the 
membei is so easily acquiied that a conect diagnosis of most frac
tines should be made But such a method of pioceduie is seldom 
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followed Oidinanly fiactuied material is submitted foi test to 
determine whethei its physical properties meet the specifications 
undei which it was puichased, no attention being paid to the featuies 
lesponsible foi its rupture,' an open book but not lead A gieat 
waste of effoit constantly goes on in these retests of material 
Tensile tests, Brinell haidness, chemical composition and examina
tion of miciostructme compnse the usual range of laboratory tests 
for fractured matenal They have no specific relation to the cause 
of rupture when for example the reason for ruptuie was the piesence 
of a seam m the steel Equally untrustwoi thy is attributing the 
primitive fiactuie to a location in the rail where only secondaiy 
lesults could take place 

SUMMARY 

The cause of the present deiailment is attributed to a base fiac
tuie at the receiving end of lail designated as No 4 I t was a 
fractuie of the ciescent-shaped type Occurimg at the immediate 
end of the rail, some of the matenal which goes to make up an 
ordinaliT fractuie of this kind was not included in the portion of 
the iail bioken The primitive portion of the fracture was covered 
by the splice bars, and therefoie hidden from view 

Engineers who have to do with the metallurgy of rails should take 
up the study of fiactuied suifaces The examination of such sui-
faces supplies leliable data upon which causes of fracture can ichably 
be founded Coireetly mteipreted such evidence points to the tiue 
cause of liiptme Several fiactured surfaces weie exhibited by rail 
4, but they weie secondaiy to the break at the immediate leceivmg 
end This deiailment again brings to notice a danger zone in the 
length of the lail not shown by electaIC tiack circuits and hidden fiom 
view against tiack inspection, namely, the shoit section between bond 
wnes and coveied by the splice plates 

Respectfully submitted 
W P BORLAND, Dvteotoi 
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