
I N T E R S T A T E C O M M E R C E COMMISSION. 

REPORT OF THE CHIEF OF THE BUREAU OF SAFETY COVERING THE 
INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE CHI
CAGO GREAT WESTERN RAILWAY NEAR WYETH, M O , ON JANUARY 
3, 1920 

APRIL 29, 1921 
To THE COMMISSION 

On. January 3, 1920, there was a derailment of a passenger train 
on the Chicago Great Western Railway near Wyeth, Mo , which re
sulted m the death of 1 passenger, and the injury of 79 passengers and 
3 Pullman employees As a result of the investigation of this acci
dent I submit the following report 

The accident occurred on the seventh district of the southern 
division, a single-track line extending between Leavenworth and Con
ception, Mo , a distance of 74 2 miles, over which trams are operated 
by time-table and train orders Proceeding westwaid from the 
station at Wyeth there is 912 feet of tangent, followed by a 3-degree 
cuive to the left 846 feet in length, 1,678 feet of tangent, and a 2-
degiee cuive to the left, 679 feet in length The accident occurred 
on this lattei curve at a point 427 feet west of its eastern end The 
grade from Wyeth is practically level for 1,750 feet, followed by a 
descending grade to the point of accident, vaiymg fiom 0 29 per cent 
to 0 83 per cent The track is laid with 85-pound iails, 33 feet in 
length, single spiked to an aveiage of 18 oak ties to the rail, ballasted 
with stone and cmdeis to a depth of f iom 8 to 12 inches Tie-plates 
are used on curves The rails were laid m the track in October, 1904 
The general condition of the track was fairly good, although many 
of the rails were not in good condition At the time of the accident 
the weather was cold and partly cloudy 

The train involved in this accident was westbound passenger train 
No 3, en loute from Minneapolis, Minn , to Kansas City, Mo It 
consisted of 1 mail cai, 1 baggage cai, 1 smoking car, 1 day 
coach, and 8 Pullman sleeping cais, m the order given, hauled 
by engines 923 and 286, and was in charge of Conductor Cavanaugh 
and Engmemen Venn and Peavy It passed Re a, 3 3 miles east of 
Wyeth and the last open telegraph office, at 7 17 a m , 3 hours and 
8 minutes late, and at about 7 26 a m was deiailed at a point about 
thi ee-quarters of a mile west of Wyeth while tiavelmg at a speed 
estimated to have been about 40 oi 45 miles an hour 

The two engines and the first three cars came to a stop about 
2,100 feet beyond the point of derailment, with only the forward pair 
of wheels of the rear truck of the baggage car derailed All of the 
remaining cars in the train weie derailed to the left side of the 
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track The day coach was dei ailed ]ust before passing over bridge 
F-460, a 96-foot plate-girdei structure, located 630 feet beyond the 
initial point of dei ailment, and aftei passing over the bridge went 
down a 20-foot embankment, coming to lest about 50 feet from the 
track The first and second sleeping cais went down the embankment 
]ust befoie reaching the bridge, coming to rest on then sides at a point 
about 50 feet from the track The third sleeping car came to rest 
in an upright position with its forward end down the embankment 
and the lear end resting on the loadbed, being almost at right angles 
to the track The fourth sleeping cai remained upright with its 
forward end close to the rails and its rear end down the embank
ment, 10 or 12 feet from the track This car remained coupled to 
the fifth sleeping cai, which was also entirely derailed, with its for
ward end down the embankment, while the rear end remained on 
the roadbed close to the left rail, with the body of the car inclined 
at an angle of about 45 degiees The remaining thiee sleeping cars 
came to rest in an upright position close to the rails 

Examination of the track showed that the first marks of derail
ment were at a broken rail on the inside or left of the curve, at a 
point about 150 feet back of the last car m the tram The receiving 
end of this rail was intact for a distance of 23 feet 6 inches, and re
mained upnghfc and spiked m its piopei position The running sur
face was slightly beveled at the break, indicating that a few wheels 
had passed over it The remainder of the rail was broken into many 
pieces, 32 of which were recovered, these 32 pieces constituted only 
a small poition of the leaving end The receiving end of the next 
rail on the west remained in place, with the rail joints and the end 
badly battered by wheels passing ovei them This I ail was intact for 
a distance of 30 feet 6 inches The balance of the leaving end, to-
gethei with the seven adjoining rails, was torn out of the tiack by 
the dei ailed equipment None of the rails on the outside of the curve 
was disturbed in any way The first flange marks on the ties were 
on the left sides of both rails, and were Hist visible opposite the first 
broken rail at the end of the receiving portion of 23 feet 6 inches 
Careful examination failed to disclose any marks indicating that any 
portion of the train had been derailed before reaching this point 

Engineman Venn, of engine 923, stated that he shut off steam a 
short distance beyond Eea, at which time the speed of the tiam was 
about 45 miles an hour, and that he l educed this speed to about 35 
miles an hour on the curve ]ust east of Wyeth The speed then in
creased slightly on the descending grade and was about 40 miles an 
houi at the time of the derailment He did not notice any jai or 
unusual motion of the engine when passing over the point of dei ail
ment, and had started to work steam when the brakes were applied 
from the leai , at this time his engine was at the eastern end of the 
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bridge He at once placed his brake valve in the lap position, and 
then changed it to the emeigency position He stated that he did not 
make any detailed examination of the track, but from his obseiva-
tions concluded that a broken iail was responsible He considered 
the track to be in fair condition and safe for the speed at which his 
tram was running 

Fireman Hutchmgs, of engine 923, said that he did not notice 
any unusual motion of the engine His first knowledge of the derail
ment was when he felt the brakes applied At this time he was rid
ing on his seat and on looking back he saw the day coach going 
down the embankment He thought the speed of the train at the 
time was about 35 or 40 miles an hour 

Engmeman Peavy, of engine 286, stated that he shut off steam 
about 4 miles cast of the point of derailment The speed was re
duced between Eea and Wyeth by an application of the air brakes, 
and again when passing Wyeth The balance of his statements 
corroborated those of Engmeman Venn The statements of Fireman 
Wilcox, of engine 286, added nothing to those of Engmeman Peavy 

Conductor Cavanaugh stated that he was riding m the forward 
end of the smoking car when he felt a severe jar, as though the car 
had been derailed, and he at once pulled the emeigency cord for the 
purpose of stopping the tram He estimated the speed to have been 
from 40 to 45 miles an hour Shortly after the accident he went 
back to the rear of the tram, but did not make a detailed examina
tion of the track, concluding that a broken rail was responsible for 
the accident 

P A Nolden, employed in the engineering depaitment of the 
I ailway, was a passenger on the tram Shortly after it was derailed 
he went back to examine the track, and about 100 or 150 feet beyond 
the lear of the train he found a broken iail, the leaving end of 
which was bioken into a number of pieces, while the receiving end 
was intact The next iail on the west was also broken on the leav
ing end 

Track Supervisoi Millett stated that he leached the scene of the 
accident at about 10 30 a m Examination of the first bioken rail 
disclosed a flaw in the head He saw nothing on the running surface 
of the rail to indicate that it was defective He also found a crack 
in the head of the receiving poition of this rail which extended back 
into the iail In his opinion the defect in this rail was such that it 
could not have been detected without lying down on the ground 
He thought that the break at the leaving end of the adjoining rail 
was due to the derailed equipment He also said that he had passed 
over the track on the preceding day, and at that time did not notice 
any indication of anything wrong The superelevation on the cuive 
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was 2 inches, and he considered it safe foi a speed of 50 miles an 
hour 

The investigation cleaily developed that the accident was due to 
a bioken lail, which apparently had been in a defective condition 
for a considerable length of time The examination to deteimme 
the leason for the failuie of this rail was conducted by Mr James 
E Howard, engineer-physicist, whose repoit immediately follows 

RH'ORT OF THE ENGINPPR-PHYSICIST 

The derailment of tiain No 3 was due to the failure of a rail, the 
leaving end of which was bioken into a number of small fragments 
The leceivmg end, foi a length of 23 feet 6 inches, remained intact 
The type of luptuie displayed was a split-head fracfcuic A ver
tical plane of ruptuie was developed which neaily sepaiated the 
head into halves, which extended along the length of the rail for a 
distance of 13 feet Of this section, 9 feet 6 inches was bioken into 
small fragments, 32 being recovered 

The lail was 85 pounds weight, A S C E section, Ioiled in Sep
tember, 1904, and laid m the track in October of that year Its age 
was therefore 15 years 3 months It was made of Bessemer steel, 
heat number 46664, and branded " Illinois Steel Co So Wks I X 
1904 8504 " 

This rail presented a common type of rupture, the characteristics 
of which are lllustiated in the several cuts herewith, reproduced from 
photographs and sulphur punts In rails with split heads a lon
gitudinal, veitical plane of ruptuie is developed, located along the 
middle of the width of the head The origin of the plane of lupture 
is an interioi one, located about one-quarter of an inch, moie oi 
less, below the running surface of the head The shallow zone above 
the origin of the lupture remains unbroken until the last stages of 
failure are reached In the development of the split head the plane 
of rupture extends downward until abieast the junction of the head 
and the web Here it commonly bifurcates, the branches extending 
right and left toward the fillets under the head Final lupture 
occurs by the complete separation of the halves of the head and 
their detachment from the web A t the upper initial edge of the 
plane of luptuie a small v-shaped ndge of metal, attached to the 
upper zone of metal, is fiequently found This acts as a wedge to 
separate the walls of the fracture 

The incipient point of rupture, m lespect to the length of the 
rail, was somewhere in the 9-foot 6-mch section, which was broken 
into small fragments The chaiacteristics of the metal of the rail 
were similar along this portion of its length and in the unbroken 
part adjacent thereto The photographic cuts and sulphur prints 
represent the adjacent metal 
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Figure No 1 shows the appearance of the rail, in cross section, 
near the fractured, poition, after polishing and etching with tincture 
of iodine The upper edge of the plane of luptuie is characterized 
by the presence of markings on the end surface revealed by the tinc
ture of iodine These markings, here viewed on end, lepiesent 
longitudinal streaks m the steel They are lines of structural weak
ness, affecting the metal under crosswise strains 

The split m the head, shown at this stage of development, is much 
wider at its upper edge than elsewhere The wedge-shaped rib of 
metal at its upper edge is forced by the successive wheel pressures 
between the faces of rupture, thereby increasing the width of the 
head 

The plane of mpture separated into two blanches One bianch 
extended and reached the periphery of the section at the fillet under 
the head on the outside of the rail The other bianch extended to-
waid the gauge side of the rail and appears in a partially developed 
stage 

Figure No 2 is a side view of the rail showing the line of rupture 
undei the head which had reached the peripheral suiface Figure 
No 3 is an endwise view farther along the length of the iail, where 
the split in the head was less developed Fractuies of this kind do 
not always continue in an unbroken course, but deviate undei the in
fluence of contiguous streaks in the metal The end surface shown 
m this cut was polished and then etched with tincture of iodine 

Figure No 4 is a sulphur print of the end sui face shown by figure 
No 3 The mai kings are substantially the same as those revealed by 
the use of iodine Figmes Nos 5 and 6 are sulphur prints of longi
tudinal surfaces of the head and base, respectively, each about one-
fourth inch below the penpheial sui faces Other sulphui prints at 
different depths showed similar longitudinal streaks, but not coin
ciding with those on surfaces near by 

Figure No 7 lepiesents the rail in cross section at a place where 
the head was intact The iodine mai kings show the continuance of 
the structural conditions which prevailed m other parts of the rail 
Figuie No 6 lepiesents another part of the rail where the head was 
intact This section was pickled in hot hydrochloric acid The same 
chaiacteristic markings appear on the cross sections, whether re
vealed by polishing and etching with tmctuie of iodine, by means 
of sulphur prints, oi upon pickling in hot acid 

Photomiciographs of this iail will be presented and discussed in 
a later part of the report Illustrations are herewith piesented of 
other rails which have failed and caused derailments—failures which 
were influenced by the structural state of the metal 

Figures Nos 9 to 13, inclusive, repiesent a rail which failed on 
March 30,1920, causing the derailment of train No 111, near Savan, 
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Pa , on the Indiana Bianch of the Buffalo, Rochester & Pittsburgh 
Railway Co This was an 80-pomid lail rolled by the Carnegie Steel 
Co It failed by the development of a fractuie under the head, at 
the junction of the web Its development was progressive, having its 
origin at a zone of streaked metal The head was detached from the 
web, followed by the fiacture of the web and the base 

Two views of the puncipal surfaces of rupture are shown by fig
ures Nos 9 and 10 Figure No 9 is looking up, at the under side of the 
head Figure No 10 is looking down, on the upper edge of the 
web The suifaces of progressive fiactures wherevei found aie 
similai m appearance, leaving no doubt concerning their identity 
The characteristics of fractured surfaces commonly furnish reliable 
evidence upon the manner of failure of steel membeis 

Opportunity was taken to further examine the Savan rail in quest 
of surface seammess—a condition of the metal of the base which has 
led to many fractured lads The results are shown by figures Nos 
11 and 12 Figure No 11 represents the appearance of the base of 
the rail, two fragments, as it appeared when lemoved from the tiack 
Spike-maul marks are shown on the left-hand figure of the cut 
Figure No 12 shows the appearance of the surface of the base after 
pickling in hot hydrochloric acid Surface seammess, not in evi
dence on the lail as it came from the track, was revealed upon pick
i n g 

Two end surfaces of the Savan rail as they appealed after pickling 
are shown by figure No 13 

Figures Nos 14 to 18, inclusive, iepiesent a lail which failed on 
Januaiy 19, 1921, causing the derailment of tram No 9, of the Erie 
Railroad, near Friendship, N Y This was a 90-pound rail rolled 
by the Cainegie Steel Co , and wag branded " Carnegie 1909 E T 
I I I I I I I I 90 A " It illustrates a piped rail, m connection with which 
<i split-head fracture developed 

Split-head rails aie often erioneously reported as piped rails 
The primary causes which lead to the failuie of these two types aie 
distinctly different, and their origins are located in diffeient parts 
of the cross section of the rail A split-head fracture has its origin 
m the upper pait of the head A piped rail has a plane of separa
tion in the web and lower part of the head Split-head lails are of 
frequent occuirence, while piped rails are not A split-head fiacture 
may oceui in conjunction with a piped rail as the present rail 
shows—a matter not affecting their separate origins 

Figuie No 14 shows the hot sawed end of the Friendship rail 
The veitical line of separation in the web shows the characteristic 
feature of a piped lail This lail displayed a composite fracture 
in which its piped condition was probably the leading cause Asso
ciated with the plane of rupture in the web, there was a horizontal 
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' shearing fracture in the head and also a split-head fracture The 

piped state of the rail was embraced m part and reenforced by the 
splice bars The support given the rail by the splice bars doubt
less accounts for the display of the several types of rupture m imme
diate association with each othei 

Figure No 15 is a side view of this rail showing the fractured sur
face of the web between the bolt holes and partially exposed a short 
distance beyond Above this portion of its length the head of the 
rail was broken in a ciosswise direction in addition to a vertical 
plane of rupture which nearly separated it into halves Both the 
pipe and the split-head fiacture continued beyond the limits of this 
photograph 

Figure No 16 is a view in cioss section of the Friendship rail 
farther along its length, photogiaphed after polishing and etching 
with tincture of iodine The pipe extended into this section The 
opposite faces were in close proximity to each other, hence the pipe 
does not show in this cut The split in the head had separated and 
is clearly visible 

Figure No 17 is a sulphur punt of the Fuendship rail at a place 
where the pipe was clearly visible, and also where the split m the 
head was m an advanced stage A lateral bianch of the split-head 
fracture had nearly leached the peripheral suiface of the rail at the 
fillet under the head on the gauge side The fracture of the rail at 
this pomt is of inteiest in showing the dominating influence of the 
wheel piessures m l elation to fractures m the head The formation 
of a lateral bianch of the split-head fiacture doubtless resulted from 
the wheel piessuies exerting a spreading effect on the metal at the 
top of the head In the older of development the formation of this 
lateral branch probably was the last part of the fiacture to occur 
The walls of the split-head fracture were separated by the wedge 
action of the cold-rolled metal of the top of the head When the 
medial line of pressure between the wheel and the rail occurs near 
eithei the gauge side or the outside edge of the head there is an 
ovei turning moment applied to the head Such cccentnc loading 
leads to the bifurcation of the line of rupture m the case of a split 
head The different contours of the treads of wheels are responsible 
for different elements along the running surface leceiving the max
imum impinging pressuies and causing the alternate loading of one 
side and then the other of the head of the rail This alternate eccen
tric loading of the head accounts foi the bifurcation of the vertical 
plane of mpture in a split-head rail abieast the junction of the head 
and the web whei e bending stresses in crosswise direction under such 
encumstances attain high limits It will bo infened fiom the piesent 
exhibit and the remarks which are submitted that relatively there 
is a greater tendency, undei the influence of tiack conditions, for 
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a iail to fail by the development of a split head than by leason of 
the piesence of a pipe 

Figuie No 18 shows the appearance of the Fuendship rail after 
pickling in hot acid at the cross section upon which the preceding 
sulphui punt was taken Gieater solubility of the metal takes place 
at those places which aie stained by the iodine, or marked on the 
sulphur punt, than on othei parts of the cross section, resulting in 
the close similarity of the illustrations furnished by these three 
methods 

In the study of the failure of steel, attention centers upon one 
principal featuie and the relations of subordinate features to the 
principal one The principal featuie relates to the stress or strain, 
mutually 1 elated factois, which the metal is capable of enduring and 
the manner in which limiting values m terms of stiess or strain are 
reached In plamei language, it is desned to know what loads the 
steel will cairy, what relations the properties of the metal which are 
shown undei test beai to the endurance of service conditions, whether 
any part of the elongation displayed in the tensile test or the con
traction of aiea then displayed will be realized in service, whether 
the ultimate tensile strength of the steel represents a particular value 
to the rail when m ser\ice, whether the ductility clause of the diop 
test has any ieai significance, whethei the diop test itself has any 
definite relation to the serviceability of the iail These and other 
queries suggest themselves Chemical composition and finishing tem
peratures aie factois Vvhich influence and control physical properties 
in rolled shapes—established by the laws of nature and not by speci
fications 

Opportunity occasionally offers to acqune data touching upon 
some of the above queues On the piesent occasion microscopic ob
servations weie made upon the structural appearance of the metal 
of the Wyeth rail adjacent to the running surface of the head, at 
the uppci teiminal of the split-head fracture, and at the lowei tei-
minals of the bifurcated fracture The observations were directed 
to the distortion of the grain of the steel adjacent to the running 
surface, wheie flattening and flow occui immediately, due to the 
wheel pressuies, and noting the undistorted shape of the grains .it 
the split-head fracture 

The metal of this rail was capable of displaying ductile flow The 
distorted shape of the giain next the running surface and the foi-
mation of a fin along each edge of the head is evidence thereof A t 
the terminals of the split-head fracture and the apex of the wedge-
shaped rib at the upper edge of the split-head fracture theie was, 
howevei, no appreciable distortion of the gram At these places, 
mici oscopically, there was absent any evidence of an appreciable per
manent set of the steel having taken place Ductile flow and buttle-
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ness in the same rail aie here shown, the result of the mannei m 
which the sti esses were received The same is true of other carbon 
steel rails Whether any part of the elongation or contraction of 
area of the tensile test is displayed in service depends upon the man
ner m which those features are developed 

A series of foui photomicrographs was taken along the upper zone 
of the head of the Wyeth rail, showing the shape of the grain of the 
steel within the zone directly affected by the wheel pressures Each 
lepresents the metal of the rail m cross section, and each at a mag
nification of 100 diameters Fig No 19 represents the shape of the 
gram near the running surface of the head about in line with the 
gauge side of the web, that is, not far from the middle of the width 
of the head The grains were slightly flattened along this element, 
the distortion not being very pronounced This element appeared to 
be within the neutral axis with respect to distortion and direction of 
flow of surface metal 

Figure No 20 shows the distortion of the grain at a place nearer 
the gauge side of the head The flattening of the grain here is very 
pronounced, with a drift toward the gauge side Figure No 21 
shows the distortion of the grain on the opposite side of the centei 
line of the head The flattening of the grain and drift toward the 
outside edge of the head is here also very pionounced A fin was 
formed along each edge of the head, the metal to form which neces-
sanly came from the upper part of the head Under such ciicum-
stances it is quite evident there would be a neutral element on either 
side of which the surface flow would take place in opposite direc
tions, as these photomiciographs indicate The flow of metal at the 
extreme outside edge of the head showed a laminated state, as illus
trated by Figure No 22 The laminations were separated and in
dividually broken The dark Z-shaped lines on the cut represent 
lines of fracture 

The depth of the zone of distorted grain was about five-hundredths 
of an inch Below this depth noimal shape of gram prevailed A 
feature of interest is raised m this connection—namely, that micro
scopic evidence is not presented showing a distuibance of the struc
tural state of the metal so far down as the ongins of split-head frac
tures are located Evidence of a state of internal compression in the 
upper pait of the head does not rest upon microscopic indications, 
but upon the results of strain gauge measurements In comparing 
the lesults of strain gauge measurements with the indications of the 
microscope it has not been made clear that the piesence of internal 
strains of either tension or compiession may be recognized with the 
aid of the microscope I f such was the case the most far-ieaching 
results would come fiom the use of the micioscope m ascertaining 
the existing states of strain in all kinds of engineeung structures 
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Figiue No 23 lepiesents the apex of the wedge-shaped l ib at the 
uppei teimmal of the split-head fiacture shown by figure No 1 
There was no distortion of the giain at the apex of this wedge This 
illustration touches upon anothei feature in the behavioi of metals— 
namely, that cubic compression, however gieat, and it has been 
observed up to a piessure of 117,000 pounds per square inch, has no 
permanent effect upon the stiuctuial state of the steel The wedging 
apart of the split-head fractuie, theiefoie, does not demand there 
should be of necessity a distortion of the gram of the wedging mem
ber 

Figure No 24 shows the teimmation of the shoiter branch of the 
bifurcated split head fiactuie illustrated m figuie No 1 The crack 
in the steel is indicated by the oblique nregulai line which ap
peals in the cut, darker than the fernte boundanes of the grains and 
lighter than the pearlite grains This appearance of the ciack is due 
to its being filled with non rust 

Figuie No 25 shows the teimmation of the split-head fractuie 
illustrated in figuie No 3 The plane of the fracture at this place 
had deflected and appioached nearei the fillet undei the head than 
shown by figuie No 1 The nregular black line extending obliquely 
downward in this cut lepiesents the termination of the crack The 
surfaces of the fractuie weie not oxidized in this case 

The last two photomiciogiaphs illusti.ite this featuie That a 
plane of rupture may pass mto oi thiough a steel member without 
change in shape of the grain, and theiefore without display of ap-
pieciable ductility This has been found tiue in diffeient grades of 
steel The behavior of lails m service furnishes the basis foi the 
query concerning the value m itself of the ductility clause of specifica
tions A greatei oi less display of elongation will take place m 
steels, depending upon then composition, when tested in such a man
ner as to peimit of the display of ductility, that is, ceitain steels 
inherently possess such ability by leason of then chemical composi
tion Specifications can enumeiate these numerical values, but with
out changing the results These remarks are made because the 
faihues of materials are often attributed to lack m meeting specifica
tions, when as a matter of fact the relation between the specified 
properties and the ability of the material to enduie seivice stresses 
has not been given consideration This is a plea foi a better under
standing of the specific causes which lead to failures, in which those 
of rails piesent notable opportunities 

In summation, the failure of the iail which caused the piesent de
railment was due to the piesence of a split-head fiactuie Wheel 
loads cause distortion of the giain of the steel and induce lateral flow 
of the metal at the I mining surface of the rail the tendency of such 
loads being to spread the railheads The successful lesistance of 
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such lateral fences depends upon the structural soundness of the 
metal m the railhead Longitudinal stieak^ are lines of weakness 
which influence the foimation of split-head fractures and locate 
their incipient points of origin Longitudinal streaks are due to 
casting and mill conditions Then elimination, or 1 eduction in num
bers and gravity of development, aie matters for the steel makers to 
consider The ages at which split-head lails manifest themselves 
mdicate such fiactmes aie of slow and piogressive development It 
is a matter of conjecture, although having the appearance of pioba-
bility, that split-head rails would be unknown if strictly seamless 
steel was available for rails The rail pioblem is intensified by lea-
son of the employment of high wheel pressuies Soft rails display 
mashed heads Haid lails furnish a large number of transverse 
fissures 

There is a populai fallacy entertained that split-head rails do not 
constitute a dangeious type of fracture, since at certain stages in 
their pi ogress of rupture they may be detected in the track This 
evidence, howevei, is presented at a late stage, after the necessary 
margin in stiength in the rail has been practically exhausted, and 
not pnor theieto An element of dangei has arisen when split-head 
rails are detectable in the track An economic question is involved 
in the elimination of the causes of split-head failures, since many 
rails aie removed foi this cause which are not otherwise unservice
able Finally, split-head failures should not be reported as pipea 
rails 

SUMMARY 

The cause of this accident is shown to have been due to the failure 
of a rail which displayed a split-head fractme The head of the 
rail was separated into halves by a veitical plane of rupture, the 
halves of the head broken into fiagments, with lines of lupture sep
arating the web and the base A portion of the length of the lail 
bioke into d number of small fragments 

As illustrated and described by the engmeei-physicist this type of 
fiacture has its origin in the upper part of the head, the incipient 
point being located a short distance below the running surface It 
also appeals from the best evidence on the subject that split-head 
fractuies are induced by the presence of certain longitudinal streaks 
or seams in the metal, and that such seams lepresent the incipient 
places fiom whence planes of rupture extend and destroy the rail m 
the couise of their development 

It appears to be well established that split-head fiactures begin 
m the upper part of the head and progiessively extend downward 
in substantially veitical planes When the plane of rupture reaches 
a depth which bungs it abieast or nearly abreast the junction of the 
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head and the web, the plane of niptuie commonly changes its couise 
or separates into two blanches, one of which eventually leaches the 
penpheiy of the rail at the fillet under the head When this stage 
of ruptuie has been reached the ultimate failure of the iail soon takes 
place 

The width of the split is nairow m comparison with its depth of 
penetiation—a en oumstance which renders the detection of a split-
head rail unceitain until the period of final rupture is close at hand 
This fact should dislodge a populai fallacy concerning split-head 
rails—namely, that such fractures are easily detected in the track, 
and theiefore should not occasion anxiety, overlooking the fact that 
when detectable the rail has reached a weakened condition and may 
be on the verge of lupture 

Data in the report arc presented on the extension of ciacks of in
terior origin, showing the absence of the displaj of ductility of the 
metal in fractures of this class Without the display of ductility, ex
ternal and visible evidence of impending rupture is evidently want 
ing Methods of test have been offeied for the detection of mtenoi 
fractures in lails The development of such appaiatus does not ap
pear to have reached a state in which its application to iails in the 
track has been attained As the case now stands, the early detection 
of split-head iails in the track depends upon the vigilance of the 
track supervisors and the section men 

The engineer-physicist has ventured the remark that split-head 
iails would be nearly 0 1 quite unknown provided seamless steel was 
found in iails The relation which seammess of metal beais to split-
head iails appeals to furnish a basis foi this remark It commonly 
takes yeais of service to develop split-head fractures, which gives 
encoui agement to the thought that an mipiovement in the struc
tural state of the steel would measurably prolong the lives of cer
tain rails Elements of safety and economy would be subseived if 
the primary cause in the formation of split-head failuies was le-
moved or the influence of such cause measurably lessened 

No compiehensivc consideration can be given the subject of iail 
failuies without taking into account the effects of high wheel loads, 
effects which aie destructive in their charactei Regaidless of 
whethei responsibility m the abstract attaches chiefly to the makeis 
or the users of rails, statistics show that a eonsideiable number of 
rails fail undei piesent conditions of seivice A 1 eduction m the 
numbei is highly desirable In respect to the display of split-head 
failuies, piomisc o f unpiovement appeais to lie in the dnection of 
using steel o f loss seamy state 

Respectfully submitted 
W P B o n L A N u , 

Ohtef, Bureau of Safety 
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Fig.A Typical sp l i t head fracture 

Fig B Typica l piped rail 



INTERSTATE COMMERCE COMMISSION 

Pio 1 — E n a view of lail polished and etched with (inctuie of iodine, sho-niug 
relations of mailcings m upper p u t of head and origin of split head fiacture 
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Fit. 2—Side view of rail, showing longitudinal ciack at the fillet undei the 
head, -nhpie split head fiActmc had leached the peripheral surface of the 
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FIG 3 —End view of rait, polished and etched with tincture of Iodine Cross 
section of mil whore split head fracture was less developed than where shown 
Dj lifeurc 1 
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F I G 5—Sulphur punt of longitudinal, lioijaontal surface of head of rail, i" 
planed off the running surface 
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S\ie 6—Sulphur print of longitudinal, horizontal surface of liase of rail, i" 
plaueu off tne bottom of the base 



20 INTERSTATE COMMERCE COMMISSION 

PIG 7—Appearance of cross section of rail where head wag intact, polished 
and etched with tincture of Iodine 
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F I G 8 —Appearance of cioss section of rail, where head was Intact, after 
pickling in hot hydrochloric acid 
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1 s 
SO pound1 rail which failed near Savan, Pa , B E & P Ry Co View of underside of head showing progressive fracture along ^ 

jurction of head and web ^ 



o 

F I G 1 0 — S O pound rail which failed near Savan, Pa View of upper edge of web the opposite surface of pr»gressi\e fracture shown by 
figure 9 

CO 
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1 

FIG 11—80 pound Iall which failed near Sayan, Pa Appearance of base before 
pickling in hot acid 



FIG 12 —80 pound rail which failed near Savan, Pa Appearance of base after 
pickling In hot acid 



to 
Oi 
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P I G 1 4 — 9 0 pound mil which failed near Friendship, N Y , Erie Railroad 
View of hot sawed end showing piped fracture In web, and hoilzontal 
shearing fractuie in the head 



1 
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F I Q 1 6 — 9 0 pound iail i\luch failed near Friendship N Y Cross section, at 
place bejond the limits of figuie 15 Pipo in web obscuiely shown, split 
in head visible 
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F I G 1 7 — 9 0 pound rail which failed neai friendship, N T Sulphur print a.t a 
place where it exhibited a piped web and a split head fracture a branch ex 
tending in the duectlon of the fillet on the gaute side of the web 
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F I G 1 8 — 9 0 pound rail -which failed neivr Friendship, N Y Appearance after 
pickling In hot add, same cross section as shown by figure 1 7 
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F I G 19—Photomicrograph of Wyeth iail, cross section 
shown by figuie 7 , just below running surface about 
In line with giute side of web, showing flattening 
of the gram by wheel pressures Magnification 100 
diameters 
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F I G 20 — W y e t l rail, same surface as shown by figure 
10 Showing flattening of the grain and flow toward 
gauge side of head at a place between gauge Bide of 
head and surface shown by figure 19 Magnification 
100 diameters 
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FIG 21 —Wyeth rail, same surface aa shown by figure 19 
Showing flattening of the grain and flow toward the 
outside of the head at a place between the outside 
of the head and surface shown by figure 10 Magnifica
tion 100 diameters 
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Fio 22—Wyeth rail same surface as shown by figure 19 
Showing laminated structure of the fin formed along 
the outside edte of the head Laminations separated 
arid Individually broken Z shaped dark llnea indicate 
lines ot rupture Magnification 100 diameters 
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3TIG 23 —Yycth rail Micro-structure of apex of wedge 
shaped lib at upper terminal of Bplit head fracture 
shown Iff figme 1 Shapes of grains undisturbed 
Magnification 100 diameters 
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FIG 24 —Wyeth rail Microstrncturo at shorter branch oi 
bifurcated head fiacture shown by figure 1 Crack shown 
b> irregular oblique line intermediate in color between 
the fernte boundancs and the pearllte grains penetrating 
steel without distortion of the grain Magnification 300 
diameters 
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F I G 23—Wjet l i iail JIicio btiuctuie at lowci teimmal of 
split head fiacture shown by figure 3 Crack shown 
by iircgular daik line extending obliuuelj downward 
penetiatlng the steel without distortion of the grain 
Migmflcation 300 diameteis 

o 


