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irTERStA^E COHi.EROE COMMISSION 

REPORT OF THS CHIEF CF T*-E 3UP LHU OF SAFETY COVERING THE IN­
V E S T I G A T E OF AN ACCIDENT 'VHICH OCCURRED ON THE LONG- ISLAND 
RAILROAD NEAR CEXTRAL I S L I P , K . Y . , ON ^ P R I L 15, 1918 

August 5j 1918. 
To tne Commission 

On April 15, 1018, there was a derailment of a troop 
tram on the Long Island Railroad near Central Islip, N. Y. , 
which resulted in tne death of 5 soldiers and the injury of 
36 soldiers. After Investigation J "beg to subnit the follow­
ing report. 

That part of tne Long Island1 Railroad on which this acci­
dent occurred is a single-track line over which train irovements 
are governed "by tine-taole, train orders, and a manual block 
system. From Ronkomioma to the point of derailment, a distance 
of about £.5 miles, the trrck is straight and on a grade descend­
ing in the direction the train Tras roving, varying from 0.06 
percent at Ron^onkoma to 0.84 percent, but ending with a snort 
piece of 0,15 "percent. Tne derailment took place on a short 
piece of level track about 500 feet east of the foot of the 
grade. The track was laid wltn 80-pound steel rails, 30 feet 
in length, and with 17 or 18 oak ties under eacn rail, but no 
tie plates were used. Tr.° ballast Has gravel aid cinders Anti-
creepers Here used. 

The train involved In this accidpnt i T r s a westbound passen­
ger train, consisting of locomotive 89 and 12 steel coaches, and 
Tfas In charge of Conductor Johnston and Engineman Foy It left 
Carrp Upton at about 3.15 a. m , passpd Ronkonkona, 2.5 miles 
east of the point of accident, at 3.50 a. n., and was derailed 
at a point about £.3 miles east of Central Islip at aoout 4 a . ra.F 

while running at a soeed estinated to have been about 30 males an 
hour, 

Tr_e locomotive a.nd four cars separated from tne rest of the 
train and were brought to a stop, with the rear trucks of the 
fourth oar derailed, by an automatic application of the air 
brands after having run aoout 650 feet. The next four cars lay 
on their sides on the slope of tne embankment and almost parallel 
with the track, and about^ 500 feet behind the head section of the 
trnn. Th^ nexx four cars were derailed, ^ith the exception of 
the rsar trucks of the rear c: r of th-3 train, but remained in an 
uprignt position. Tn^ first car ^f tne rear section of the train 
nao. its roof crusned in en^ there was damage to the floors of all 
tne derailed cars owing to the car bodies sliding over the trucks 
Many of the journal bo:̂ es and pedestals were broken, but there 
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wen. no broKen or loose wheels About 250 f?et of track: 
im -ediet "~jiy west of the initio J point of derailment was practi­
cally destroyed, while the next 200 feet of track was so damaged 
as to require a large number of new ties in repairing it. The 
weather at the time was clear. 

The coaches in this train wer? what is _tnown as the T-54 
class, end were of light steel construction, 65 feet in length 
over ell, with four--iTheel trucks, and weighing about 64,000 
pounds. The loconotive was pn eight-wheel type, having a total 
weight of 138,000 pounds T~hen in working order, with axle loads 
of 51,000 and 50,000 pounds on the rear and for^rd wheels, 
respectively. 

( This toas a printed report, all figures hrve 
been removed) 

*'Igure No. 1 is a g3n^ral view of the derailed train, 
looking east. The bunching of the trucks under the rear end of 
car No, 970 is shown by figure No. 2 There was damage done the 
flooring of th^ errs by the displaced trucks, which is shown by 
figures Nos. 3 and 4. 

Enginenpn Foy stated that the train was proceeding at a 
speed not m excess of 30 miles pn hour wh an the air breves applied 
automatically, and he then placed the brake valve in lap position 
and it remained in that position until the locomotive stopped. 
Prior to the application of the brakes he had noticed no unusual 
jar and h^d not noticed anything wrong with the tracK on previous 
trips over it. 

Koad Foreman of Engines Ward stated that he was riding on 
the locomotive when the air brakes applied, end when the speed 
was reduced to about 5 miles an hour he got off, found the rear 
tracks of the fourth car derailed, and the balance of the train 
missing. In company with the conductor he went back and found 
the next four cars turned over on their sid.es, about 500 feet 
from the rear of the head part of tne train and lying on tne 
north side of th° track. He tnought the speed of the train at 
the time of derailment might have been 31 or 32 mles an hour. 

Conductor Johnston s id ne was riding in trie rear end of 
the head coach of the train m e n the derailment occurred, looked 
at his watch snortly after the derailment and it was then 4 a. m. 
he estimated the s"oeed of the tram to hair- been 20 or 25 miles 
an hour, and a fcT<r seconds before the brakes were applied he fe^ k 
a little motion m thd car similar to that crus^d by going over 
a switch. 

Chief Train Dispatcher Kagee stated that extra 69 left W.C. 
ca'jm at 3.22 a. m. and passed Rorkonkoma, the last reporting 
station before reaching the point of derailment, at 3,50 a. m. 
The distance from W.C. cabin to point of accident is 16.9 miles, 
and as extra 89 traveled that distance in 38 minutes, its average 
rate of speed between those points was 2V miles an hour. He said 
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that the last westbound train over this section of trade was 
one that left Ronjtonkoma at 3.12 a. in. and previous to that 
there had been five eastbound trains. 

Assistant Engineer Maintenance of Way Williams stated that 
he reached the scene of accident at about 7.45 a, m. and made an 
Inspection of the track. The f:rst break in the rail was about 
4 feet 2 incnes west cf a rail joint, and this rail was broken 
into 14 parts, 7 of the fractures showing transverse fissures. 
One other broken rail west of the first broken rail had trans­
verse fissures. 

Investigation definitely developed the fact that the cause 
of the accident was due to the failure of two rails in which a 
number ot transversa fissures were present. The investigation 
of these rails and other relevant matters was conducted by Mr. 
James E. Howard, en^me^r-physicist, vnose report follows. 

Acknowledgement is made of the cooperation of Mr. L, V, 
Morris, chief engineer, and Ara E„ 11, Weaver, engineer, main­
tenance of way, and others of th^ Long Island Railroad, Mr. 
A, C. Shand, chief engineer, and otri'.rs of the Pennsylvania 
Railroad, Mr. J. R, Ondordonk, engineer of tests, Baltimore & 
Ohio Railroad, Dr„ 3, Watarhouse, metallurgist of the Lacka-
wanna Steel Co.; Dr. P. H. Dudley, consulting engineer, New York 
Central Lines, Prof. H. W. Hayward, of the Massachusetts Institute 
of Technology, and hr. Paul E. HcKmney, chemist of the Washing­
ton Navy Yard, in the investigation of the material and aid ex­
tended m acquiring the data here presented, 

REPORT OF THE ENGINEER-PHYSICIST 
Two rails failed on the Long Island Railroad, April 15, 1916, 

derailing a troop train, bound from Camp Upton to point of em­
barkation, at a point about 2-1/2 mll^s east of Central Islip. 
The rails were located on the north side of the track, the 
fractures of which, together with other rails which were forced 
from the t:es at that time, c^us^d an opening to be medr through 
which portions of the train left th* track and roadbed. 

The r cils were 30 pounds weight, A. S, C. E, section, 
Bessemer steel, rolled by +he L^c^nw-nns Iron and Steel Co., 
at Seranton, Pa., tnr br nds unon which were "L, I. & S, Co., 
S. V. Scranton, 3.93." Rnii desiernatpd as No. 1 was the easterly 
of the two and Is believed to have b^en the on" first fractured. 
Its h~at number was incomplete and obscure. Th^ heat number of 
rail No. 2 was 2814, 

Each rail displayed a. number of transverse fissures. Seven 
were displayed by r--il No. 1, and six by rail No. 2 A seventh 
fissure was suoseqaently found m the latter when the rail was 
niched with a chisel and broken apart for convenience m handling. 
The nicking chanced to be done in the vicinity of an unknown 
transverse fissure vmch hie not reached the'perlphery of the 
head Upan breaking the rail the line of rupture was diverted 
from ite direct course, passed through the plane of andrevealed 
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the seventh transverse fissure in this rail. In the examination 
which followed eight additional transverse fissures were found 
In two other rails, four In each, rails which came from other 
parts of tne railroad, making 22 transverse fissures In all 
which vere examined. 

The cause of the derailment was clearly du^ to the presence A 
of transverse fissures in nils Nos, 1 and 2, which occupied ^ 
positions adjacent to eacn other In the track. These ti;o and 
other 60-pound rails rolled by the Lackawanna Iron & Steel Co., 
in the year 1698. were ra^de the subject of examination, which 
included tasts on the physical properties of the steel, on the 
state of internal strains in the rails, ch mical analyses, and 
etchings showing the structural state of the metal. The results 
showed the rails to be exceptionally deficient in structural 
uniformity. 

Figure No. 5 is a diagram of rails Nos. 1 and 2 viewed from 
their °"aoge sides, showing the lines of rupture made at the time 
of derailment, indicating those which displayed transverse fissures 
and giving their dimensions Th^ line of rupture between sections 
El and E2, rail No, 2, Fhows the position of the transverse fissure 
disclosed when this rail was nicked and broken. 

At th Q time of der ilment it is believed that the line of 
rupture first developed was that next the receiving end of rail 
No. 1, followed in succession by the other lines of rupture in 
tne direction in which the train traveled, the last fracture 
made being the one nearest the leaving end of rail No. 2. 3eyond 
this point the rails involved in the derailment were stripped 
from the tj.es and bent, but none were broken, 

Tne appearance of four of the transverse fissures displayed 
by rail i\To. 1 is shown by figure No. 6. Two of the larger fissures 
had increased in size to sucn an extent that they had reached the 
periphery of the head on the gauge side. They presented dar^:-
colored surfaces, as usual with fissures which "have reached the 
surface of the head. T T T O smaller fissures are shown on this cut. 
Tneir surfaces had a silvery luster, not having become darkened 
by exposure to the air. No. 6a represents the transverse fissure 
located 4 feet from the receiving end of rail No. 1, and believed 
to oe the initial break in the rail, No. 6b, the fissure 6 feet 
6 inches from the receiving end; No. 6c, the fissure 10 feet 8 
lncnes from tne receiving end, and No. 6d, the fissure 11 feet 
3 inches from the receiving end. These and other fissures wit­
ness e d In these rails had their nuclei located on the gauge side^»* 
of the head. W 

Figure No. 7 illustrates two of the transverse fissures dis­
played by rail No. 2. The l̂ rp;er one was slightly darkened, 
having probably just reached the periphery of the hppd. The 
other fissure presented a silvery luster. No, 7a was located 6 
feet from the receiving end, and No. 7b, 3 feet from the receiving 
end of rail No, 2, 
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Tests were made upon four full-length rails and five 

partial-length rails. Th former represented those which were 
located m the track next beyond those which ruptured at the 
time of derailment, displaying transverse fissures. They were 
bent sidewise at the time of derailment, bat not broken The 
short-lencth rails wore collected from different parts of the 
railroad, each of which hed di^play^d a transverse fissure in 
service. Six heats at least were represented in these rails, 
all of which ware rolled by the Lec^wenna. Iron & Steel Co. in 
the norths of February and March, 1898 

Bending tests were m°de under a steam hammer, the rails 
resting upon a V-shaped block and bending then with their heads 
on the tension side. The appearance of tn^se rails after testing 
is shown by figure No. 8. The full-length rails displayed gfrtflr̂ ! 

properties, one of which deflected 5 fjet "itnout rupture. The 
short-lengtn rails were brittle In two of these the eignt 
additional transverse fissures were disclosed. Five of these 
additional fissures are illustrated in figure No. 9, the sixth 
iissure, in the upper left-hand corner of the cut, representing 
one wmcn occurred m the tr£ C £ . 

Rrils Nos. 1 and 2, when polished and etched, were shown to 
be structurally very unsound. This decided lack in uniformity 
had also been observed In macnming the rail sections. Portions 
of tne cross section were spongy, otner parts were hard and 
mtchmtc with difficulty Th-̂  flange of one section displayed 
irregular snaped voids along a part of its length. The interior 
sponginess surrounded a central core in the head with streaked 
metal in i.v web and upper part of the base 

From Information acouired-, It appears that the Lackawanna. 
Iron and Steel Co., *t tne time these rails were rolled, used 
norizontsl heating furnaces at tne South mill at Scranton, new 
soaking pits having be^n introduced leter in the year 1898. 
This practice would l^e: to such Indications as were witnessed 
in these cross sections. 

Figures Nos. 10a P I N lOo represent cross sections of rail 
No. 1 No. 10a shows a section ^nich was pol:sre-~ and etcned 
with tincture of iodine. It ap^e^rs foreshortened In this cut. 
No. 10b is a reproduction of a sulphur print. 

Figures Nos. 11a and lib reorosent cross sections of one of 
the short lengtn rails on which bending tests were made under the 
hanmer. An iod_ine etched section and a sulphur print, respec­
tively, are shown in tne so V>TC figures. A light chip ha*"1 oeen 
ta^en off the top of the head of this rail, in a shaper, before 
these bections were polished. 

The chemical composition of these rails is shown on taDle 
No. 1, as follows: 
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Table No. 1.- Chenical analysis of rail No. 1 and short length 
ra-1 used in bending test 

1 Description 1 Carbon 
1'ian1 

gan' 
ese' 

Phos-' 
phorus1 Sulphur1 Silicon 1 Copper1 

Rail No 1" 1 

'Corner of head. . .' 0.63 124' 0.053 ' 0.121 1 0.183 ' 0.735' 
'Center of head near 1 1 1 1 

1 T"reb. . . . . 1 .41 114' .021 1 .041 ' 157 ' .703' 
Snort length rail. 1 1 

.61 139' .040 ' .127 » .157 ' .721' 
1 Center of head near ' 1 1 

' web. . . 1 .00 137' .043 1 .143 ' .149 1 .596' 
Rail Ko. 1: 1 1 ' 1 

1 IJpar periphery of 1 1 1 ' 
1head and base.. . 1 .62 "uro1 .044 1 .083 1 . . . • • • . 
'From center core of ' 1 

'head . . .41 100' ^20 1 044 * - 1 .... 1 

The results of tensile 
head of rail No. 1 are 

tests 
shown 

of 1 
on 1 

onffitudmal specimens 
able No. 2 

from the 

Table No. 2.-Tensile tests of sppcir-ens from head of rail No. 1. 
(Diameter o*1 stem, 0.505 Inch; length,2 inches) 

1 1Approxi- i 
1 ' mate elas^ Tensile Elonga- 1 Con­ 'Appear-1 

' Local:' on 1 tic limit strength tion trac­ 1 an c e ' 
[ 'per square per sq. tion * of 
1 'inch inch of frac- 1 

( i area ture ' i 
1 1 Pounds Pound s Percent Per­ i 
1 1 cent i 
1 Inside r77,030 ' B^'OOO 1.5 » 5.7 1 Granular 
' Do. . '75,500 100, oco 5.0 1 5.7 1 Do 
'kiddle of head. . . '67,000 '115,000 10.5 ' 13.3 ' Do 1 

1 Do... . '67,000 1102,000 1 4.0 1 5.7 ' Do ' 
1 Outside "69,500 1 72,000 2.o ' 5.7 1 I>0 ' 
1 Do . . 73,500 102,500 4.0 1 5.7 1 Do 1 

1 1 

-H drill 9/16 inch in diameter ^ae us^d in getting the chips 
for the analysis given on the first four lines of the above tabj| 
The results on the fifth line represent tnf* natal near the run­
ning surface of the head and lower part of the base of rail No. 
1, mixed together. The results on th. sixth line represent the 
metal In the lower part of the head and along the middle of the 
web of the same rail. Chips for these results were taken out 
with a small drill Thf negative segregation of the metal In 
rail No. 1 will be noted. 
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Tn a tensile tests showed brittle metal In machining some 

oerts of the rail showed toughness, while other parts were weak 
and brittle Rail No. 1, as a whole, w s Irregular in chemical 
composition and physical state. 

Tne internal strains m rails Nos. 1 and 2 were measured. 
Figures Nos. 12 to 17, inclusive, show the results on rail No. 
1; figures IS and 19 the results on n i l No. 2 The stresses 
in the h^ad and thp b^se of r Lll No. 1, at a distance of 3 feet 
from its rcctlvlne end, are shown on figure No* 12. The shaded 
oortions of this cut and succeeding on^s indicate thr cross sec­
tions of the strips cn which the stresses were determined. Each 
of thes 1 strips expanded m length when detached from the re­
maining portions of the rail, sho^ma the m^tal along them had 
b=en m a state of compression "hen the rail was Intact, The 
stresses reported nre Desrd uwon a value of 30,000,000 pounds 
per square inch for th* moduluc of elasticity, the strains oeing 
measured on gauged lengths of 10 inches each 

Figure No. 13 shows the strains which were displayed by the 
metnl oi the ho*d nnd the values of the stresses in the base on 
a section of the rail 2 feet from its receiving end. The strains 
in the head are not converted into their <crresponding stresses. 
Those enteied on the diagram represent the strains which were 
diswi^yad when the head was turned down to a diameter of 1/2 by 
9 inches long. Tney were the changes in length which occurred 
after the head had b^en cetacned from the web and base. It will 
be noted that a contraction in length occurred on the top of the 
he°dt i nd ^long the gau^e side, while the measurements on the out­
side of th^ head and next the web snowed an expansion in length. 

The disposition of the strains in the Interior of the head 
were indicated by tn~se mearur^mants. The relief of internal 
strains of tension occurred on the g^uge side and upper part of 
the head, with strains of compression released on the outside 
of th*1 head and next tne web. The maximun tension In the head, 
when the rail was intact, was therefore at soma place on a dia­
gonal line leading from the center of the head to tne upper 
corner on the gauge side, cro°s:np: th= locality in which many 
transverse fissures have their nuclei. 

Tnere was a change in tĥ - dimensions of the head when it 
was d^tacned from th° web, most pronounced along the top of the 
rail. The gaup; -d length on the tot) of the haad showed an ex­
tension of 0.0029 inch. 

Figure No. 14 shows the stresses in a strip from the middle 
of the head, alao tne stresses m the flanges. The stresses in 
the herd were m tension, those In th^ flanges were in compression. 
There is difficulty In ascertaining tne state of strain in the 
interior of the head, owing to the readjustment which occurs 
in tne metal whenever any •nart of the cross section is removed. 
It is _' rconbie that the values reported are In nost cases con­
servative ones, the intensity of the stresses locally exceeding 
tae reported values. 
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Figure No. 15 shows the stresses in a section of the rail 
at its receiving end. Measurements on one of the strips from 
the head were lost on account of an accident In machining. The 
stresses In the flanges exceeded those witnessed in the flanges 
in otner parts of the rail. The fisning surfaces in this vicinity 
nad "been hampered by contact with the splice bars. To this pein-^ 
ing action the higher values exhibited by this section of the 9 
rail are ascribed. 

Figure No. 15 shows tne strains released In tne head of the 
rail when detached from tre base, taken on a section located 
5-1/2 feet from the receiving end. The upper element expanded 
0.0030 inch while the under side of tn^ nead contracted 0.0024 
inch on each gauged length in the fillets. The gauged lengths 
on the sides of the head were just above Its neutral plane, each 
expanding one-thousendtn of an inch. These measurements repre­
sent the first stage In the examination of this section. They 
werr fo±loiTed by the determination of tne internal strains in 
the strip of râ tal from tne middle of the head, shown by the 
shaded section of figure No. 17. The metal In this part of the 
head was in an initial state of tension, excepting the outside 
edge of the strip. The tension was greatest at the edge on the 
gaugv side of the head, while Jn the vicinity of the nuclei of 
transverse fissures it reached a value of 7,660 pounds per 
square inch. 

Two sections of rail No. 2 were examined for internal strains, 
the results of which are shown on figures Nos. 18 and 19. The 
etresees on a section 9 feet from tne receiving end appear on 
figure No 18, the results on a section 8 feet from the receiving 
end appearing on figure No. 19. The examination of the latter 
section r s carried out in substanidlly tne same manner as the 
corresponding section from rail No. 1, shown by figure No. 13. 
These internal strain determinations completed the examination 
of rails Nos. 1 and 2. 

It %tfas clearly established that the derailment of the troop 
train VPQ caused by the failure of these rails, and that their 
failure was due to the pr~ser.ee of transverse fIssures which 
weakened their resistance, resulting m t.î  rupture under the 
weight of the derailed tram. 

The ra"ls nad been in service for a period of 20 ypars. 
To ouVrprd appearances they ware good-looking rails, little 
wear had taKen place. The shapes of the heads showed but little^ 
distortion, yet witnin tr.em destructive transverse fissures had ̂ fc 
developed. Over wnat interval of time these transverse fissures 
nad been in existence, or tne rate of their development, is not 
jtnovn. In tne laboratory tne failure of ba.rs under repeated 
stresses, wonting under constant loads, progresses very rapidly 
after the first symptoms of rupture appear, and brrs which have 
endured lesser loads for a long time fail very promptly when 
nigher loads of sufficient magnitude are applied. 

http://pr~ser.ee
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These rails h .d cn^ried the lighter traffic of the railroad 

for a period of time without known examples of transverse fissures 
havirg appeared. War activities increased the traffic some seven 
to ten fold m the amount of tonnpge currently passing over them, 
with a considereole increase in the weight of the equipment, con­
ditions which not unlikely contributed toward the formation of 
transverse fissures and accelerated the:? r development. 

While the interval of time between the inception of a 
tr .rsverse fiasure and its final development can not be stated, 
one of "Ghp components which is held to lead to this type of rup­
ture may bo of long duration. The internal strains in these 
r^ils were doubtless of long standing. Gold rolling strains 
are acquired very promptly when mils are put Into service. 
They are permanent in thair character, regaining in the rails, 
whence they can not b^ dislodged, although they admit of change 
of position and ma^mtudp. 

The rhysical examination showpd these rails to be very un­
sound. Seldom is metd so d°fnctive witnessed in rails. Whether 
this circuit stance ncc^l^rated th^ formation of the transverse 
fissures or retarded tneir progress of development, or was a 
negligiole factor can not be drfmit^ly stated. 

The metal was no douot def-ctiv- at the time the rails were 
rolled. The rdls having been in service for a period of 20 
years before displaying these transverse fissures would lead to 
the inference that tne defective state of the metal had had 
slight influence, if any, on the development of the ussures, 
and that they had developed when traffic over them increased 
^nd for that rj:son. 

The structural unsoundness of the natal unquestionably 
detracted from its strength in a crosswise direction, and vari£~ 
tions m strength in the direction of its length lowered its 
tensile strength. There was a considerable margin, hox^ever, 
between the elastic limit of the st^el, and th^ sum of the 
internal stresses and the direct bending stresses under train 
loads, as the letter are understood to oe. The margin between 
the working stresses and tre elastic limit of the steel is the 
factor which has most to do with retaining the Integrity of the 
metal unimpaired. What advantages accrue from high tensile 
strength and ^billty to display a given elongation or contraction 
of area in the tensile test wn»n referred, to the endurance of 
rails und«r service conditions, ar^ ye-t obscure matters. 

The present rails affording such pronounced examples of 
defective st^el, at the sr^e ti" e o-Ing coupled with a long term 
of service before displaying transverse fissures, gives emphasis 
to the query what influence th^ structural unsoundness may have 
had In accelerating or retarding the inception and rate of de­
velopment of th^se transverse fissures. Judging from the pre­
sent exhibit, the lesser numb>r of transverse fissures recorded 
as having occurred in ^esserer rails over those made of open 
hearth steel, can not owe their comparative immunity to the 
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excellence of the earlier product of the Bessemer process, nor 
mor^ specifically tc the casting conditions then in vogue. It 
"oy b-o possible that a certain looseness of structure In the 
zone of transverse fissures will permit the metal to respond to 
internal strains without starting an incipient fracture. The 
prevalence of transverse fissures in steel structurally sound ^ 
e,nd of tisf actory chemical conpo sit Ion removes from considered ^ 
ticn tne suggestion that essentially unsound steel must be pre­
sent in order that a transverse fissure may be developed. 

Correlated d^te will be introduced, presenting results 
bearing upon the display of transverse fissuree together with 
illustrations of features associated with the intermediate 
phases through which steel passes, under service conditions, 
fro^ the time of its fabrication until rupture ensues when such 
an event occurs, followed by re^arke reviewing th-* general sub­
ject of transverse fissures. 

An examination T*7£ s icC>~ ot " 100-pound Bessemer rail which 
fractured after a term of service of 16 years in the track, dis­
playing a transverse fissure. Tre internal stresses in this rail 
are shown by figures Nos. 20 and 21. Referring to the results 
presented on figure No. 20 tnr-e ga.uged lengths were establisned 
on each side of the head, a,s indicated by th~ witness mar^s. The 
Internal stresses in the strip froi the outside of the head ranged 
fro-"1 3,900 pounds per square inch at the lower corner to a maxi­
mum of 17,700 pounds per sauare Inch at the upper corner of the 
head at the outside of the rail. A cumulative effect in the 
strains introduced, resulted during the formation of the fin 
along ta.'-' upper corner of the head on the outside of the rail. 
Examples n ve oeen met in wnich lnypr internal strains were dis­
played m this part of tne hearn than f^und in the opposite corner. 
The results ar^ influenced, without dcubt, by the manner In whicr 
the "heel pressures cause the flow ^f the metal to take place. 

Figure No. 21 shows the stresses found In a strip taken 
across the middle of the head, in which strains of tension were 
displayed. 

Since the internal strains sh^wn by the strips from the 
sides of the head m the preceding firure, abreast the places 
whicn here show tension, were of compression, it is evident that 
residual strains were left in tr.e strips In one or in both cases. 
The ' axlmurn value here shown, 3,600 pounds Per square inch ten­
sion, is probably a diminisned one homing ocoome so under the 
Influence of the surface netal 3t tne si^es of the head. 

Figures Nos. 22 and £3 represent cross sections of this rail. 
Figure No. 22 is a foreshortened vi aw of a section of the rail 
which vis polished, and etched with tincture of iodine. Figure 
No. 23 Is a reproduction fro- a sulphur print. Tne state of 
structural unsoundness of the metal is shown in each of tnese 
illustrations. 
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^For a direct determination of the internal strains intro­

duced oy whee' pressures, ooservations were mace on a 100-pound 
rail, ri. R. A -E section The original length of tne rail was 
53 feet. A 3-foot section vjas cut off for preliminary tests, 
the remaining part being cut into two 15-foot lengths, and those 
lengths were laid in the tiec* of tre Baltimore & Ohio Railroad 
on the ^ n c l i a Cut-off. One 15-foot section was laid on bridge 
No. 590, where it rested upon 15 oak ties, of S-lnch faces each. 
Tne other !o~foot length was laid on stone-baliasted roadbed, 
resting upon eight oak ties with tie plates They wf re on the 
north side of th-. vastbcund track, within a short distance of 
escn otnar, Tr.ey were land in the tracA August 23, 1916, and 
removed June 12, 1917, after an interval of nearly ten months, 
luring this period the tonns^e passing over them amounted to 
23,653,000 tons. This was a C rail, the mold analysis of which 
heat showed the following comoosition. Si. .104 
C. 645 Kn. .66 P. .030 " S. .0*3 / Cr. ,55 Ni. .60 

The results of tne measurements of tn p primitive internal 
strains in this m l , upon pieces of the 3-foot length, were 
incorporated in the report under date of February 12, 1917, 
pertaining to an accident ^hich occurred on the Galveston, 
Hamsburg i Stn Antonio Iwsy n c fr leer, Texas. Figures 
Nos. 24 and 25 ere reorod1 ĉ d from tnat report showing the 
primitive stresses which w^ r P m th^ rail. These represented 
the co^j-inp1 strains of fabrication. 

Fieure No. 26 shows the manner in which the two 15—foot 
lengths were cut up ^or exrmin?tiov after their removal from 
the track In a^ition to the determination of the internal 
strains aco Lired in the track other t_sts were conducted, forming 
a part of tne general mciuiry into the physical changes which 
take place in railT ay materials and which r;a,y Î p.-ril tneir safety 
In service. 

Figures Nos. 27 to 36, inclusive, refer to results obtained 
upon the 15-foot length which was laid on bridge 390. Figure No. 
27 shows the stresses which "ere found in the section marked 3 
of figure No. 26. From a neutral state, in the primitive tests, 
tne met*l at the top of the head nad acquired stresses of com­
pression of 9,000 end 10,200 pounds per sauare inch, respective­
ly. The stresses In the base which generally retain their primi­
tive values were" not modified m an unusual degree by service 
conditions. 

Tne usual manner of detaching the strips on which the strains 
were measured was modified in section marked 4. on the diagram, the 
final results of which appear on figure No. 28. The sides of the 
head were planed off of this s-ction, the flanges of the base 
were detached, and that part also planed off In width, after 
which the web was cut ap«rt, followed by planing away the metal 
from the strips representing tne top of the head and the lower 
side of the base. Chcne-ee in the lengths of the strips at the 
head and the base attended each reduction in the cross sections 
of these parts. At an intermediate stage the strains in the 
base represented 4,500 pounds per souare inch tension, the final 
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results on th>: strip showing 2,100 pounds per sauare inch 
compression. The irtermrdiate changes showed, the relations 
which existed from stag* to etfge between the interior metal 
and tnrt of the surface on which the gauged length is estab­
lished Information upon the location of the zones In which 
strains of tension and compression respectively reside, may 
be accuired in this manner, and an approximate Idea formed of 
the mernitude of the Internal strains in different parts of the 
cross section 

A progressive change in the magnitude of the strains occurs 
in passing from one part of the crose section to another. Nor­
mal cooling would be expected to facilitate a symrr^tric^l arrange­
ment of the internal strains taken about P Fiven axis, which 
service conditions, m all proorcllity, disturb 

Two values for tie ^tr pp^ :t in the strip from the head of 
this section are entered on diacrem No, 28, This strip assumed 
a convex srspe when the metal beloT'T it hrd be°n planed away. 
Chord measureTent on the strip in a free state indicated a 
stress of 17,700 pounds per square inch compression. When 
forcibly held straight, tne strip showed a value of 14,700 
pcands per square inch compression. The chord measurement is 
believed more closely the ectua.1 stress in this part of the 
rail. 

The section of the ra5 1 marked 5 was subjected to endwise 
comprbssion. A total lo^d of 600,000 pounds was applied, in 
two stages of 300,000 ea.cn, m succession on the netd and upper 
part of t.i& web, and tre lower h^lf of the rail. This endwise 
compression amounted approximately to 51,000 pounds per square 
inch. It exceeded the elastic limit of the steel and effected 
a shortening of the gauged lengths, excepting those on the lower 
surface of the base, each of which shoved a slight Increase in 
length. These permanent sets *~re entered on figure No. 29 

The Internal stresses found In this section after endwise 
comoresslon are entered on figure No. 30 No decided modifica­
tion in their magnitude or relations resulted from this treat­
ment. It will be recognized that th n problem is a different 
one when the entire cross s°ct:o" or the greater p^rt of It is 
overstrained than when local ovorstramine: forcps are applied. 
Data upon this feature are Inco^pl^te. Local overstraining by 
tension or by compression introduces internal strains or modifies 
preexisting ones. 

Section marked 6, a 5-foot lergth, was S U D J ected to trans-^ 
verse lo^ds. It was supported on blocks 4 feet apart and loaded 
at the middle. Twelve gaucvd l^netns of 10 inches each were 
established on different elements of the head, web, and base 
on wnicn perranert sets were observed after increments of load 
were applied and released. Loads were applied in increments 
of 10,000 pounds per souare incn fiber stress and advanced to 
a rraximum of 130,000 pounds fiber stress with the head of the 
rail on the tension side. The rtil was then reversed and loaded 

http://ea.cn
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vitn tnr head on the compression side. The sare increTents of 
load w i r e applied as before, discontinuing the test, m this 
position, at 40,000 pounds per square inch fiber stress. The 
fiber stresses mentioned refer to the metal In the head of the 
rail. 

Tne results at four stages of the test are presented. 
Diagrams Kos. 31 to 34, inclusive, snow the permanent sets 
after loads of 60,000, 90,000, and 130,000 pounds per square 
inch, respectively, the head of the rail being on the tension 
side, and on the last diagram of this group, the sets which 
occurred with the rail in reversed position with tne head on 
the compression side, after a load of 20,000 pounds per square 
Inch had oeen applied. The elastic limit of the rail in the 
first position TTas m the vicinity of 50 000 pounds per square 
inch. Permanent sets began to FTPear at trie load and gradually 
increased under higher mcre'f^nts of stress. Attention is called 
to the p^rnanent sets displayed on the gauged lengths at the 
top of the head after a load of 60,000 pounds, their increased 
values after 90,000 pounds had been applied, and their values 
after 20,000 pounds per square inch fiber stress had been applied 
in reversed position, a meximuir stress of 130,000 pounds having 
been applied in the meantime. In reversed position the permanent 
sets after 20,000 pounds were applied reached substantially the 
same amounts as at c0,000 pounds at the ti^e first loaded. 

After this rail had been given decided permanent sets vith 
the head on the tension side its elastic limit in the opposite 
direction was very much affected. It was lowered and permanent 
sets introduced by 20,000 pounds fiber stress of substantially 
the s. rre amounts as the sets after 90,000 pounds per square inch 
fiber etrsss in the first position. 

These tests illustrate tne effects of overloads on the 
clastic limit of the steel when strained m reversed directions. 
After this rail had received decided permanent sets with the 
head in tension its elastic limit in the opposite direction 
was reduced to a low value, nearly eliminated Earlier labora­
tory test have shown this to be the usual result of overstraining 
steel. This feature affects that part of the rail which is over­
strained by the impinging pressures of the wheels on the running 
surface of the head. 

Figure No. 35 shows c jrt rin of the stresses whicn were in 
section marked 7 At intermediate stages the strains in the 
strip fror the middle of tne base were reversed from tension to 
compression, covering in this reversal e range of stress of 
6,100 pounds per square, 

On figure No. 36 are entered the stresses found in five 
elements along the running surface of the head, section marked 
8, also those measured on the base. A maximum value of 17,700 
pounds per square inch compression was displayed by this section 
of the rail which was laid" on bridge 390, this value being iden­
tical i'Tith the corresponding element of section marked 4 of the 
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sane ra:. length 
Tne measurements made on the first 15-foot length were, 

for tne most part, duplicated on the other half of the rail 
which vgg laid on stone-ballasted track, the results of the 
latter heung shown on figures F O B . 57 to 47 inclusive. 

Tne stresses In section narked 15 are entered on figure 
No 57 At the top of the head stresses of 15,500 and 18,000 
pounds per sauare Inch were found, values which are seen to be 
higher than the corresponding stresses in the half of the rail 
laic on bridge 390. 

Tne results entered on figure To, 38 refer to section 
mgrked 14 J and correspond to those of figure No. 28. The stress 
at the top of the head again exceeded that of tre other rail 
length. 

Tne treatment of section marked 15 differed from tnat of 
tne corresponding section m tne other 15-foot length. This 
section was successively annealed five times at a temperature 
ofl,400c F. , with a sixth annealing at 1,450° F. The nec ting 
and cooling was done slowly, in a closed box. The aggregate 
time of exposure to maximum temperatures was approximately 20 
to 24 nours. 

A progressive shortening of the rail resulted from each 
period of annealing, which ultimately reached a maximum of 0.0302 
inch on one gauged length. The results on each of the 11 gauged 
lengths ere entered on figure No. 39. Detached strips from sectiom 
marked 3, 4, 7, 6, 13, and 14 were annealed In the same box with 
th^ full section The strips contracted, but less in amount than 
the fill section. Five of the detached strips were in a state 
of initial compression and one In a state of Initial tension when 
they wert integral parts cf the rail. It appeared from their 
subsequent behavior that the primitive state of strain did not 
control the tendency to contract In length which each displayed 
when exposed to annealing temperatures. 

The amount shortened by the annealing, 0.0302 Inch on a 
gauged length of 10 inches, would if it were an elastic movement 
represent a compressive stress of 90,600 pounds per square inch 
If regarded as a permanent set, caused by endwise compression, 
it exceeded several times th? set caused by a load of 50,000 
pounds per square Inch Referred to a full rail length of 33 
feet, this contraction represents a total shortening of 1.2 
inches. Notwithstanding thae~ relations, illustrating the 
significance of such a change In length, If accomplished by 
other means, the result waa a r^li'f to the internal strains. 
They were reduced to negligible values. Tre elimination of 
Internal strains was practically accomplished oy the annealing 
operations, although attended with a decided reduction in length. 
The values of the residual stresses in this section of rail are 
entered on figure No. 40 



- 15 
A grouo of four dirgrarrs, firures Nos. 41 to 44, inclusive, 

snov p.rmancnt sets, tne results of transverse tests made on 
section rnar^d 16 The tests were carried out in tne same 
manner c S those on section marked 6, the results heing practi­
cally the same as before witness :-d. The effect of overloading 
the rail in the one direction nearly or quite destroyed the 
elastic limit of the metal in the opposite direction, as 
previously stated, This change in state is doubtless confined 
to tne outside fibers, that is, to these which are near the top 
and tne bottom of the rail. Those nearer the neutral axis, not 
overstrained, are expected to remain with th^ir original proper­
t y es undisturbed. 

Figure No. 45 sliows certain of the stresses which were in 
section marked 17, corresponding to the results obtained on section 
marked 7. During the period of cutting up this section the stresses 
m the wee reversed from tension to compression, while those at the 
middle of the base were higher in tension at an Intermediate stage 
than in the final strip. 

Figure No. 46 snows the stresses on five elements along the 
running surface of the head of section marked 18. The maximum 
value displayed by this section, £1,600 pounds per square inch 
compression, chanced to be identical with that of section marked 
14 of the same rail length, as those wpre identical in sections 
marked 4 and 8 respectively but with a higher value in this section, 

, Figure No. 47 shows tnp stresees m a strip across the mid~le 
of the h"ad; also those in thp flanges The stresses in the head 
were all of tension. As previously remarked, local strains in the 
intact section of the rail doubtless excerd the values reported. 
Nevertheless, these measured strains represent a range occurring 
in the upper part of the head from tension to compression of 25,700 
pounds per sauare inch within a zone of metal less than 1 inch deep. 

It will be noted that thp internal stresses In the section 
of rail from the ballasted track where higher than those in the 
section of rail that was laid on the bridge. These two half-rail 
lengths occupied, positions in the track close to each other. Each 
was exposed to the same weight of equipment, to the same speeds, 
and the same tonnage. They are the first rail lengths which have 
furnished opportanity for comparing the effects of traffic on a 
bridge with that on ballasted track It Is expected that other 
determinations of this kind will follow. 

Since the internal strains are components of the total 
strains to which the rails are subjected, more complete deter­
minations of their values are matters of Interest. The informa­
tion thus far acauired appears to show that rails are strained 
higher than other classes of engineering materials. It is im­
portant to ascertain hew Intimately this feature is associated 
with or has a vital influence upon the annual number of broken 
rails. 



- 16 -
In conjunction" with the annealing tests on section marked 

15 auxiliary tests were made on a number of hot forged bars of 
rail steel and other grades, the chemical analysis of which were 
as fo11ows: 

Description :Carbon.Manga-. Phos-.Sulphur:Silicon.Chro-;Nickel. 
| . nese .phorous ' . ml urn. i 

n ? i l steel . : 
bars . 0.635. 0.67 : 0.021 : 0.060 : 0.095 . 0.35. 0.67 . 

Low-cai'oon . . : 
brrs . .27 . .34 : .028 : .015 : .15 : : 

Chrome- : ; : 
nickel bars .43 .^5 ' .030 : a 014 • .10 . .86. 1.92 ; 

The re 11 steel bars were forged down from a 7-l/2-moh 
bloom, taken from the middle of the length of the ingot. Six 
bars, 1 inch square each by 12 inches long, were treated as 
follows. Tba first bar was finished at a high forging tempera­
ture, the second, at a low forging temperature, the third was 
finished when nearly black hot. These three ver° allowed to 
cool naturaIJy in the air. Three other bars v°re drawn down at 
ordinary forging temperatures, one of which was cooled by an air 
blast, anothpr by au^ncblng in oil, and the other by quenching in 
water. 

The bars of this F"roup were a nnealed in succession, at 
550", 1,000°, and 1,450B F.] respectively. They were measured 
after each period of annealing on each of their four faces. In 
respect t.» tne effects of the lower temperatures, the bars re­
solved tl~t'i selves into two groups. Those which were finished 
at different forging temperatures and cooled normally in the air 
and the bar which was cooled with an air blast remained practi­
cally unchanged in length after exposure to the two lower anneal­
ing temperatures. The b^rs which were quenched in oil and water, 
respectively, here, on tne other hand, affected by each of these 
temperatures. They were appreciably shortened in length after 
drtwing at 550° F., and were still shorter after exposure to 
1,000° F. All were shortened by the highest annealing temperature. 
The diminution in length between 1,000° and 1,450° F., was about 
the same in each bar, the total diminution being greatest for the 
oil and water quenched bars since they had lost in length by 
earlier exposure to the two lower annealing temperatures. It will 
be noted that the oil and water quenched bars were effected by 
temperatures below the rrcelescence periods. 

Two cubes marked A and B respectively, from the same bloom ^ 
as the above b^rs, were drawn down under a forging press and 
finished 4 inches full on a side. Trey were subjected to anneal­
ing and quencmng operations; the changes in dimensions resulting 
therefrom being observed on 28 gauged lengths of 4 inches each, 
established on the several faces of th° cuoes. 

Cube marked A was annealed at 1,450° F. This resulted in a 
decided contraction in dimensions, opposite to that in which the 
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metal had been forged. Lengthwise the mean shortening was 0.0022 
inch, crosswise 0.0003 Inch. That is, egalnst the direction of 
forging the contraction was over seven times that which took place 
in crosswise or girth di^nsions, these measurements being taken 
across the middle of the faces. The gauged lengths et the corners 
were affected less then those along the middle of the faces, while 
one end-showed several ten-thousandths of an inch expansion. 

The cube was next heated to 1,450° F. and quenched in oil, 
whereupon an increase on each of the gauged lengths occurred, but 
without special reference to the direction of forging. The pre­
vious shortening which attended the annealing operation was over­
come, leaving the cube with larger dimensions on each gauged length 
than in its original forged condition. Concerning the^change in 
volume a definite statement does not admit of being made, based 
upon tnese measurements, since the several faces of the cube did 
not remain plsne surfaces, esch wes concave at the termination of 
these tests. 

Cube 3 was quenched in oil from a temperature of 1,450° F,, 
resulting in e decided increase in dimensions on certain of the 
gauged, lengths, with a limited decrease on others. The cornere 
showed greater changes in lengths than along the middle of the 
faces. The range was from 0,0056 inch expansion to 0,0015 inch 
contraction, on 4-inch gauged lengths. This cube was again heated 
to 1,450° F, and quenched in water, resulting in further changes 
in dimensions. Referred to'lts original forged, dimensions the 
maximum expansion was 0,0149 inch, the maximurr contraction 0,0060 
inch. 

The fluctuations in dimensions after oil quenching were less 
than those experienced by quenching in water. It is obviously 
impracticable to simultaneously auench the six feces of a cube, 
and however brief the interval of time of immersion may be, some 
parts will be quenched In advance of others. The corners and edges 
naturally cool earlier than the middle of the faces. These con-, 
siderations account for some of the differences in the results 
which were witnessed. There have been suggestions of heating and 
quenching rails a6 a manufacturing operation. The data here pre­
sented show some of the effects which attend such operations. 

The tests on the low carbon and the -chrorme-nickel steel 
furnished results of a paradoxical nature,- The chrome-nickel bar^ 
ponformed'in behavior to tkeL.-r^l steel, while the low carbon steel 
displayed opposite characteristics. The' latte'r'contfatftrea ±n length 
when heated and quenched, whether in oil or in water as the quench­
ing medium. The "several bars were heated side by side and quenched 
in the same medium, yet one jtlnd of steel expanded and the other 
contracted in lengtn. In tne forging operations, the bars were 
reported as having been treated tlike. In behavior the bars stand 
in opposition to each other, the explanation for which attaches 
to differences in chemica.l composition or to socie antecedent in­
fluence not known. 
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One of the chrome-nickel bars was heated and quenched three 
times, with periods of annealing between the first and second 
quenchings. The first quenching was In an oil and water emulsion, 
the second in plain water, the third in brine, each quenching being 
from a temperature of 1,45C* F. This treatment was attended with a 
progressive gain in length, not effaced by Intermediate periods of 
annealing, which finally resulted in an expansion In length of 0,0761 
inch in 10 Inches. The bar remained Intact, without cracking. To 
return this bar temporarily to its primitive length, provided it had 
so hign an elastic limit, would reaulre a load of compression ex­
ceeding 200,000 pounds per square inch. Expressed in thousandths 
of an inch, some of the observed changes in length seem of minor 
importance, yet they stand for many thousand pounds per scuare inch 
when converted into their corresponding stresses. 

Additional examples of transverse fissures displayed by 
Bessemer rails of 100 pounds weight are shown by figures Nos, 48, 
49, and 50, the chemical analysis, representing the metal in the 
upper corners the heads, of which were as follows: 

: Description : Q : Mn : F • 5 : Si : Cr . NI : 

No. 48, Mary- ; 
: Hand steel : 

No, 49, Cam­
bria steel 

: No. 50, Cam-
: bria steel 

l 
0.50. 0,97 

.55: 1.05 

, .39: .73 

0,056 

.C92 

! .077 

0.051. 0.069 

,046: .061 

,02o! .056 

0.37 . 

• • * • 
t r • • • 

0,47 

* * P * * 

# m • • • 

Tensile tests of the metal from the centers of the heads gave 
the following results' 

-Elastic,Tensile Elonga^ Contract: 
Description limit etrene1-: tlon tion of . 

per eq.ith per : jarea 
•Inch :sq.inch: 

.Pounds :Pounds .Percent Percent 

No. 48 ! 63,880 :122,900: 17 . 33.2 
No. 49 64,750 128,400 15 : 22,4 
No, 50 '46,590 :105,150. 12 • 14.7 

These rails were removed from the track, no derailment having 
been caused by the transverse fissures. Each represents different 
track conditions. One was laid on a bridge, one on stone ballast, 
and one on cinder ballast. 

Figures Nos. 48a to 48d, inclusive, represent the appearance 
of the Maryland rail. Figure No. 48a Is a view of the transverse 
fissure, which nearly separated the cross section of the head. 
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Figure No. 48b is reproduced from a sulphur print. The photo­
micrographs Noe. 48c and 48d were taken from the upper corner of 
the head, gauge side, and from the upper part of the web, respec­
tively. The sulphur print shows good metal with no structural in-
auality in the vicinity of the transverse fissure. This rail was 

•
laid on a bridge, on oak ties with tie plates. Its age when re­
moved from the track was 3 years 9 months. 

Figures Nos. 49? to 49d, inclusive, represent the first 
Cambria reII. No. 49a Is a view of the transverse fissure which 
separated the head on the gauge side and a considerable part of the 
outer half. No. 49b represents a deep etched section of the rail. 
Photomicrographs Nos. 49c and 49d were taken near the upper corner 
of the head, gauge side, end from the center of the head, respec­
tively. The etching shows structural uniformity in the steel. This 
rail was laid on stone ballast, on oak ties with tie plates. Its 
age when removed from the track was 8 years'. 

Figures Nos. 50a to 50d, inclusive, represent the appearance 
of the second Cambria rail. Figure No, 50a is a view of the trans­
verse fissure, located near the gauge side of the head, covering e 
portion only of the area, A deep etching is represented by figure 
No. 50b, showing the metal decidedly lacking in uniformity of 
structure. Photomicrographs Nos. 50c and 50d were taken near the 
upper corner of the head, geuge side end center of the head, re­
spectively. It was laid on cinder ballast, on oak ties with tie 
plates. Its age wis 13 years. It was/badly segregated rail, 
shown both by the etcned section end the chemical analysis of the 
steel. The me^ai at the middle of the web had a carbon content 
of 0.53, phosphorus 0,135, sulphur 0.043. Notwithstanding Its 
lack of uniformity It remained in the track the longest of these 
three Bessemer rails. Its unfavorable structural state clearly did 
not result in the early display of a transverse fissure, if indeed 
its structural state had an Influence upon this development. 

Figures Nos. 51a and 51b show the appearance of a transverse 
fissure and sulphur print displayed by en 85-pound rail rolled by 
the Illinois Steel Co. 

This rail had been in service about 5 years. It shows little 
wear, and is structurally uniform. The carbon content in this rail 
was 0.V7, the manganese 0.76, 

Figures Nos. 52a and 52b refer to a 100-pound rail, also 
^ rolled by the Illinois Steel Co., which displayed a transverse 
9 fissure after seven years In the track. The carbon content was 

0,79, the manganese 0.68. The sulphur print shows the metal lack­
ing in structural uniformity. The_rail retained its shape, however, 
and showed little wear. No suspicion would"attach to this rail 
from its outward appearance. 

These illustrations and eucceeding.'ones show rails in which 
transverse fissures were displayed.in metal strictly uniform_as 
irtdlated by tne sulphur prints, -and also rails which, according to 
the same evidence, were deficient in structural soundness and unl-
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formity. Somp fissures had their nuclei at the junction of the 
interior and exterior metal which showed different characteristics, 
while others had their origins where uniform metal prevailed, or 
which displayed e uniform structure throughout. 

Figures Nos. 53a and 53b represent another 100-pound rail ^ 
rolled by the Illinois Steel Co. This rail displayed a transverse 
fissure after seven years in the track. It shows very little wear, 
retaining its shape practically unchanged. The lack of uniformity 
in its structure was confined to the metal of the web and the lower 
part of the head. The nucleus of the transverse fissure was located 
in the sounder part of Its cross section. The carbon content of 
the rail was 0.74, manganese 0.83. 

Figures Nos; 54a and 54b represent still another 100-pound 
rail rolled by the Illinois Steel Co., which displayed a trans­
verse fissure after six years in the track. The composition of 
the retal showed carbon 0.71, manganese 0.73. There was a decided 
lack of uniformity in this rail, most pronounced in the lower part 
of the head and the upper part of the web. A general spotted 
appearance prevailed in the head. Not unlikely the nucleus of 
the transverse fissure was located in the vicinity of some of 
these*markings, it could hardly be otherwise. The nuclei of 
transverse fissures are located, at fairly definite depths below 
the running surface of the head, but whether a change of position 
is effected by the structural state of the steel Is not clearly 
apparent. 

Figures N O G. 55a and 55b illustrate a transverse fissure 
rail of unusual degree of structural uniformity. This was a 125-
pound rail rolled by the Cambria Steel Co., the carbon content 
of which was 0.78, the manganese 0.65, It displayed a transverse 
fissure in less than two years in the track, No structural state 
or condition of the metal was revealed which could have Influenced 
the location of the transverse fissure. 

Figures Nos. 56a, 56b, and 56c, representing one rail, and 
figures Nos, 57a, 57b, and 57c, representing another rail, show 
photographs of transverse fissures and sulphur prints of two 
heat-treated rails of 121 pounds weight, which displayed trans­
verse fissures in less than one year in service. The sulphur 
print of one shows a uniform structure, In the other a variation 
in the metal of the web, but uniform in the vicinity of the nucleus 
of the transverse fis-sure. The nuclei of tne fissure In these two 
rails are located nearer the running surface than usual. The £ 
following table shows the chemical composition of these rails" ™ 

; Description : C Kn : P . S • Si : Cr ; Ni . 
• * • r • 

" No. 5-6 : 0.41 
: No. 57 .,: .57 
* r 

0.50.0.017 
,52; .017 

0.026:0.214; 0.53: 1.30: 
. .026: .047 ,52: 1.30: 
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Figures Nos. 56 and 59 represent two ferrotitanium rails 

which displayed transverse fissures. The fissure in rail No. 58, 
a 100-pound section, was located on the gauge side of the head near 
the nebulous core. In rail No, 59, a 105-pound section, the fissure 
developed in the uniform metal of the head. The nuclei of the 
fissures were located within the limits of their customary zones. 

A group of six transverse fissured rails are illustrated by 
figures Nos. 60 to 65, inclusive. These rails displayed transverse 
fissures after periods of time in service ranging from 5 months to 
6 ye^rs, 6 months. The following table describes these rails and 
states the time they were in service when transverse fissures were 
found: 

; • Length of time in service: 
Description : Years : Months t Days : 

: No. 60, 85-pound P.S.,0.H 6 6 * . • 

• No. 61, • • 10 • * * 

: No. 62, 100 P.S.O.H. Vanadium ' 1 : * * : 20 
: No. 63, 121-pound heat treated Mayer!.. 5 '• • • • 

: No. 64, 7 : . • • 

:Ko. 65, 1 3 • . * 
> • 

Transverse fissures have been displayed in carbon steel rail6 
of different grades of hardness, from mild steels up to those above 
the saturation point of carbon. Examples have been given herein of 
alloy steels and heat-treated rails which have displayed fissures. 
These illustrations show fissures to have occurred in ferro-titan-
lum, in v: nedium-treated rails, and in heat-treated rails of Mayari 
ore. High chromium rails are reported to have displayed transverse 
fissures, but no photographs of them were available. It would seem 
that a comprehensive trial had been made of the different grades of 
carbon steel, alloy steels, and a heat-treated rail, none of which 
ha.ve proved Immune from this type of fracture. 

Manganese steel has been, so far as known, an exception, 
furnishing no examples of transverse fissures. It hes,however, 
furnished a type closely resembling a transverse fissure, which 
is Illustrated by figure No. 66. This figure'represents a frac­
ture In the head and upper part of the web of a 100-pound man­
ganese steel rail rolled by the Illinois Steel Co., In June, 1912, 
and removed from the track during the present year, after about 6 
years in service. 

Three fractures were displayed by this rail They presented 
smooth surfaces, in a plane normal to tha length of the rail, 
having their origins apparently at the intermediate running sur­
face of the head, whence they progressively extended through the 
head Into the web They were discovered at this stage of develop­
ment a,nd the rail removed from service. 

Subsequent tests showed the almost total exhaustion of tough­
ness of tne metel wnere the cold rolling action of the wheels had 
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taken place on top of the rail. When the head was strained In 
tension fine surf axe cracks immediately appeared on the running 
surface in parallel lines, 1 inch or less apart. It was a 
peculiarity of this rail that its Inherent toughness resisted the 
extension of the deep cracks which had developed in service. The 
completion or these fractures was accomplished with difficulty, 
whether under the drop testing machine or oy the use of a heavy 
maul. If such residual toughness should be found a reliable factor 
In the track, it would present an Important safeguard against the 
display of brittleness characteristic of carbon steels under like 
conditions of partial rupture of the rail. 

Observations were made upon the effects of gagging. Two 
grades of steel were used, the product of the Sparrows Point rail 
mill of the Bethlehem Steel Co., one of which* wes rolled to meet 
current specifications for domestic rails, the other a grade of 
steel for rails to meet the specifications of the French Govern­
ment. Their analyses were as follows: 

Description ' : C :' ' fci ' i F : & : Si : Cr : Nl , 
:100-pound domes* : i t ; • • j 
1 tic rail 0.657; 0.72 10,032 '.0.055: 0.244 : 0.29:0,40 ; 
1100-pound French < ! 
: composition*. ., . ,492: .63 1 .038 r .079 .067 : .25. .34 . 

The rails of each composition were rolled Into 100-pound 
A.R.A.-3 shapes. One of the high-carbon rails was a high rail, the 
other a low rail, in the rail mill sense of the term, referring to 
their curvature after cooling on the hotbed. The gagging of the 
high rail resulted In shortening an element along the top of the 
head 0.0153 inch on a gauged length of 10 Inches. The effect of 
gagging was measurable at the middle of the web, where a shortening 
of 0.0007 inch occurred. On the lower surface of the base the metal 
was extended 0.0061 inch on one flange, 0.0103 inch on the other 
flange, and 0,0088 inch along the middle of its width. These figures 
represent permanent sets. The mill scale was disturbed in the vicin­
ity of the gagging blows, as usual. 

The low rail, of the same composition, gagged on the base, 
gave the following results: The element along the top of the head 
was extended 0.Q013 Inch. The web was extended 0,0008 inch. One 
flange was shortened 0,0010 inch, the other 0,0013 inch. Along the 
middle of the base the shortening was 0.0011 inch. 

The low-carbon rail was a high rail, and therefore was g a g g e ^ 
on the head. The element along the top of the head was shortened 
0.0443 inch. Along the middle of the web the metal was extended 
0,0029 inch. One flange was extended 0.0263 inch, the other 0,0459 
Inch. Along the middle of the base the metal was extended ^.0388 
inch. 

The gagging of the high rails was more severe than conditions 
usually require in the process of straightening. It will be noted 
in the hard rails that the change in length of the web partook of 
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the movement of the heed, while in the soft rail it followed that 
of the bese. The subject of distribution o r strains, shown here 
in rails of different composition, is referred to, since it has 
presented Itself in rails of different weights. In drop tests of 
125-pound rails it has been witnessed that rupture did not begin 
on the tension aide of the rail, but had Its origin under the head 
at the Junction of the heed and the web, .The metal at the top of 
the head under these circumstances did not have opportunity to dis­
play its ability to elongate, as contemplated in specifications, 
which have an elongation clause. The design of the rail, rather 
than the inherent properties of the steel, controlled the manner 
of its fracture. 

Concerning: the ordinary effects of tagging, they are confined 
to surface indications. The mill scale is disturbed and the rail 
slightly indented. In respect to the metal in the interior of the 
section, neither irecroscopically nor microscopically has evidence 
been found of the effects of Ranging. Strain gauge measurements 
are adequate to show the modifications in internal strains resultin 
from gauging. 

When a sufficient nunber of gagging blows have been applied 
to a rail in one place, first on the head and then on the base, 
rupture occurs by a fracture which has an exterior origin. Such 
were the results in a series of 62 tests,. On the other hand, by 
progressive gagging it has been found possible to develop fractures 
with interior origins, that is, transverse fissures have been made 
in this manner. The continuous gae-ging from end to end of the rail 
at short distances between blows in progressive gagging, has en 
effect a-tin to the cold-rolling action of the wheels, and in this 
menner has been the means of producing transverse fissures. A 
lares number of sagging blows were recuired. Per rail length of 
33 lfeet the number has~ran^ed from 52,000 to 254,000 gagging blows. 
It was found that the position of the nucleus of the experimental 
transverse fissure could be located at will on the rifht or the 
left side of the head, according to the manner of applying the 
gating blows. This was accomplished by directing the blows on the 
side of the head on which it was prearranged the fissure should be 
located. Carbon steel rails were used in these gating tests, one 
titanium-treated rail being included In the series. The weirhts 
of the rails were from $0-pcunds to 100 pounds; In composition the 
carbon contents ranged from 0,62 to 0.65. 

Figure No. 67 shows the appearance of a transverse fissure 
developed in en 65-pound rail by progressive espFlnnr. The load was 
applied off center for the ourpose of locetinr the fissure on the 
side of the head. The number of erasing blows per rail length of 
33 feet reauired to cause the development of this fissure was 
170,000. The test was made on a half-rail length; the number cf 
blows actually delivered, therefore, was one-half the above number. 

The development of transverse fissures in service in the 
track causes a progressive lose In strenrth of rails under bending 
stresses when the head is In tension, which becomes eericus before 
the fissures reach the periphery of the rail. The results of some 



bending tests in which automatic records were taken showed the 
residual strength in 100-pound rails, which displayed transverse 
fissures, when finally broken as follows; 
3 ralli 17,157 pounds per square inch fiber stress. 
B rail. .34,314 pounds per square inch fiber stress. 
F rail..... 26,075 pounds per square inch fiber stress. ^ 
These results were obtained with high-carbon rails taken from the 
track, which had displayed transverse fissures in service. The 
average composition of the steel was—carbon, 0.676; manganese, 
0.75. These rails in their primitive condition would be expected 
to possess an ultimate strength under berding stresses of not less 
than 150,000 pounds per square inch fiber stress 

It has long been known that all grades of steel may be rup­
tured by repeated alternate stresses, none of which in magnitude 
approach the elastic limit of the metal. Some results will be 
presented, compiled from earlier tests, showing the endurance of 
certain bars of steel under different fiber stresses. The chemical 
composition of the steel was C .55, Mn. .75, P. .034, S. .050, Si. 
.136, The test bars were 1 Inch in diameter by 33 inches long, 
loaded on a double bearing, and rotated at a speed- of 500 rotations 
per minute. The highest fiber stress of the series was 60,000 
pounds ppr square inch, which slightly exceeded th» te'nsile elastic 
limit. The lowest fiber stress was 50.6 per cent of the elastic 
limit, or substantially one-half of its value. 

Figure No. 68 graphically illustrates the relative endurance 
of this grade of steel to repeated alternate -stresses. Figures 
entered on the diagram state the number of repeated stresses re­
quired to rupture the steel under different fiber stresses, the 
percentage of the loads ih terms of the elastic limit, and the 
relative endurance in t crms of the bar when loaded with 60,000 
pounds per square inch taken as unity. 

The lowest fiber stress employed 30,000 pounds per square 
inch, did not rupture the bar with 76,326,240 rotations. After 
enduring this number of repeated stresses, the load was increased 
to 60,000 pounds per square inch, rupture ensuing after 8,100 
rotations. The life of tne steel at 50,000 pounds fiber stress 
was more than 6,111 times that at 60,000 pounds. In many situa­
tions the durability of the steel under the lower fiber stress 
would be considered as indefinite. There is a zone of demarcation, 
above which the life of steel is comparatively short, below which 
it is of long duration. Witn a proper limitation of the maximum ^ 
stress the life of steel may be so prolonged tnat failure in ser- ^ 
vice would not be looked for. This statement is true of all grades 
of steel, the limiting stresses being different In different grades, 
but a danger zone exists in all. 

The danger zone in rails of a given composition is probably 
lower than carefully prepared laboratory bars would show for that 
grade of metal. Repeated bending tests on full rail sections, 
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none of which caused a permanent set, have resulted in early 
rupture, leading to the inference that the shape of the rail, 
together with the state of strains which ere set up within it, 
detract from its ability to endure repeated stresses. 

Considering the ability of the metal to perform mechanical 
work under different fiber stresses is another way' in which these 
results may be examined. The original tensile test of the steel 
which furnished the repeated stress tests of figure No. 66, showed 
an elastic limit of 59,000 pounds per square inch; tensile strength, 
109,600 pounds per square inch, with an elongation of 16.2 per cent; 
and a contraction of area of 20.6 per cent. The mechanical work 
necessary to strain this steel from zero stress to its elastic limit, 
was 5-foot pounds p-er cubic inch of metal. To rupture the steel 
by tension reouired 1,047 foot-pounds of work per cubic Inch. In 
the table which follows, the number of foot-pounds work done under 
different fiber stresses Is stated in terms of the work required 
to strain the steel to its elastic limit and also to effect rupture 

lby tension. Under repeated alternate stresses at 60,000 pounds 
'per scuare inch fiber stress this steel performed 12,490 times the 
amount of work which was reciuirpd to strain it to its elastic limit. 
Under the lowest load of the repeated stress test, the steel per­
formed over 19 millon times the work reouired to strain it to Its 
elastic limit, illustrating the enormous capacity of steel for doing 
work, provided the stresses are carefully regulated. 

Table No, 3 shows the mechanical work done in the repeated 
stress tests of the ,55 carbon steel, graphically represented on 
figure No. 68. In this table thr- work done In the repeated sUress 
tests is expressed in te 1 s* of that which was'done "in the primitive 
tensile test at the elastic 11""it an* at the tensile strength. 
Table No. 3,-Kechanical work done in repeated stress tests in 
terms of primitive tensile properties. 

Fiber stress Per cent of 
elastic limit 

Work per cJbic inch in 
terms of that of the 
tensile test at the 

50,000 
35,000 
40,000 
45,000 
50,000 
60^000 

50.8 
59.3 
67.8 
76.3 
84.7 

101.7 

Elastic lim:Tensile 
It , strength 

19.061,560 ' 91,125 
1,464 
965 
447 
309 
60 

560 
206,641 
;02,202 
93,510 
64,690 
12.490 

The work done on the outside fibers is that which is referred to in 
the table. 



Original tensile test. 
Elastic limit: 
Pounds per sq. inch.. 59,000 
Mechanical work ft.-lbs, 5 

Tensile strength: 
Pounds per sq. inch 1 109,600 
Mechanical work ft,-lbs. 1,047 

Elongation percent. 16.8 
Contraction of area .percent, SO.8 
Table No. 4 shows the results of earlier tests on the tensile 
properties of six grades of steel, Including the amount of mechan­
ical T'-ork done in straining the steels to their elastic limits and 
their tensile strengths. 
Table No. 4.-Tensile properties and mechanical work required to 
produce rupture In different steels. 

( From early reports of Tests of Metals) 
: .Mechanical work1 

: . Tensile tests .per cubic Inch 1 

: : at 
Carbon content • Elastic. Tensile. Elonga-- Contrac Elastic Tensile 

limit : stren- . tion :tion of limit . stren-
. per sq,: gth per. ; area 

, : inch : sq. inch. ._ 
:Pounds :Pounds . 

0.17C : 51,000 . ,66,000: 
.34C .54,000 - 65,000. 
,55C ;*59,000 '10:.600. 
.73C :64,000 .140,200. 
.62C .63,000 '142,250. 

1.09C .77,000 -132,600. 

ercent: Percent; Ft.-lbs. Ft .-lbs 
51.9 : 3.6 " 982 

26.7 . 54.2 . 4.3 . 993 
16,2 : 20.3 . 5.0 : 1 ,047 
10.0 : 11.6 . 6.2 ' 1 ,003 
8.5 . 6.5 . 5.9 : 688 
8.7 9.2 ; 8,5 . 892 

gth 

Repeated stress tests were mede on these six grades of steel. 
One bar endured over 200 milion repetitions of stresses, performing 
76 millon times the amount of mechanical work required to strain ttu 
steel to its elastic limit. The bar remained unruptured after per­
forming this amount of work. There is no fixed relation between 
the nrlmitive tensile properties and the useful work which steel car 
perform. If the working stresces are of moderate degree, the life 
of the steel will be practically unlimited. If, on the other hand, 
the loads applied are excessive, the life of the steel will be very 
short. 

Referring briefly to track stresses: The results of early 
measured strains in the track on different weights of rails rest­
ing on different kinds of ballast and under different wheel loads 
showed stresses under static conditions of loading, which, while 
not generally pxcessive, were nevertheless as high as engineering 
practice sanctions for structures intended to be permanent. Lower 
wheel loads prevailed at the time of those tests than those of 
present equipment. There hes been a gradual increase in wheel 
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loads until a maximum of over 17 tons hps been reached. To the 
direct bending stresses should be added the internal stresses in 
order to get an expression which shall represent the total fiber 
stress on the rail. 1 

In the track many rails show permanent downward bends at 
their ends. Low joints in the heavier rail sections are frequent­
ly seen. 'The combined effects orf wheel loads and internal strains 
is thus shown to have exceeded the elastic limit of the rail, 
which, in steels now used,, calls' for a fiber stress of 50,000 or 
perhaps 60,000 pounds per square inch. These sets which are per­
manent records of high stresses, furnished by the rails themselves, 
must be accepted as reliable indications of what has occurred in 
the track. 

Seven years have elapsed since the first accxdent report 
wa.s issued by the Interstate Commerce Commission upon this type 
of fracture, to which the term "transverse fissure" was applied. 
Since the date of that report August, 1911 other accidents 
have occurred due to this cause. The number of individual ex­
amples of transverse fissures has reached into thousands. Their 
numbers continue to increase. 

On the occasion of the first report an explanation was 
offered of the cause of this type of fracture. It was recognized 
as a modified type of fatigue fracture, its interior origin being 
due to the presence of internal strains of compression along the 
upper zone of metal In the head of the rail. In order to distin­
guish this type of fracture from the more common fatigue fracture 
in which this compressive component is absent the term "transverse 
fissure" was used. This fracture is progressive in its character, 
starting from a small nucleus and extending until the entire cross 
section of the head Is ruptured. 

Transverse fissures predominate In the gauge side of the 
head of the rail, establishing the relations between them and 
wheel pressures. No structural nor chemical cause has been found 
to Which their formation can be ascribed. 

A distinction may properly be made between the proximate 
cause of the formation of transverse fissures and features which 
lay promote or retard their Inception end progress, A study has 
been made of features connected with the process of fabrication 
from the ingot to the finished rail, and thence to conditions 
which are experienced in the track. Rails from all parts of the 
ingot display transverse fissures, hence there is no peculiar 
condition in one part over another which is responsible for their 
inception. 

Steels of different compositions display transverse fissures. 
Their presence is not peculiar to any definite chemical composition, 
either in carbon steels or in alloy steels, so far as yet traced. 
Appearing, as they do, in rails of different weights and shapes, 
in rails from different mills, where different numbers of passes 
are used, where rails are rolled direct from the ingnt and where 
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they ere rolled from reheated blooms, no specific oir common cause 
for the formation connects with mill practice. They occur in both 
Bessemer and in open-hearth rails. The larger number of trans­
verse fissures have occurred in the latter, No inherent reason 
has been presented why any essential difference should be f^und 
In rails made from either process All rails are gagged for the 
purpose cf straightening them. No transverse fissures in rails J 
in the track have been witnessed which were traceable to the ' ™ 
effects nf gagging. If the effects of gagging were serious on 
certain steels, there would be no Justification In using such grades 
of metal for rails. If the thought that gagging was seriously 
detrimental and carried conviction that such rails were unsafe, 
it would constitute self-condemnation that unsafe steel was being 
used, demanding the Immediate change a grad.e cf steel which 
would endure a detail in the process of fabrication to which 
practically all rails are subjected. 

Repeated stresses are competent to rupture any grade cf steel. 
To this statement there are nc exceptions. None can be, since It 
would mean the production of a nonbreakable steel. Among those 
who do not recognize the Influence cf repeated stresses and the 
presence of Internal strains as proximate causes In this type of 
rail failures, the argument is put forward, that mill conditions, 
and not track conditions are responsible for the formation of trans­
verse fissures. It is not clear througn what process of reasoning 
this result is arrived at. On the contrary, the evidence places 
the responsibility frr this preticular type of fracture upon the 
conditions to which the rails are exposed In the track. The direct 
bending stresses and the shearing stresses due to the wheel loads, 
together with the Internal strains introduced by the cold rolling 
action cf the wheels, constitute these conditions. The combined 
stresses should be kept below certain fiber stresses in order to 
avoid rupture and maintain a reasonable margin of Safety, 

In order tc graphically illustrate this feature, diagram 
Figure No. 69 has been prepared, again using the data exhibited 
on diagram No. 68, In this particular grade steel the limit 
of indefinite endurance is In the vicinity of 30,000 pounds per 
square inch. Working loads should be less than this amount. A 
dotted line marked A is drawn on the diagram representing an 
assumed, safe load. The distance between this dotted line and 
line B represents the margin in safety in the use of this grade 
of steel. 

There are practical difficulties, however, which present 
themselves In the effort to establish the positions of either ' 
lines A or B in the case cf rails* Tests on the rail in Its 
primitive state will net indicate the position of line B, since 
only the internal strains of fabrication are then present. The 
cold-rolling strains from the wheel pressures must be present in 
the rail. Again, tnere is difficulty In deciding at what period 
the rail should be regarded as having acquired the internal 
strains necessary to prepare the rail for a proper basis of com­
parison. When two components are involved, each cf which exerts 
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a progressive and cumulative tendency, ending In rupture, the 
consequence may be that line B may not have a fixed position. 
The early display of' transverse fissures, a minimum interval 
of time being taken at five months, suggests the prompt lowering 
of this line. 

The direct bending stresses received by the rails, as track 
measurements have shown them, are of such a degree tnat a much 
longer life of the rails would be- expected, provided the bending 
stresses alone were present. Responsibility, therefore, attaches 
to the cold-rolling strains introduced by the wheel pressures 
the only other component. Evidences places a large share of the 
responsibility for the formation of transverse fissures on the use 
of high wheel loads, the explanation which was offered in the re­
port on the failure of the rail which caused the disastrous wreck 
on the Lehigh Valley Railroad at Manchester, N, X., August 25, 1911, 

The early failure of rails would not be expected from the 
bending stresses alone, nor would the origins of the fractures 
be interior ones, neither would the cold-rolling strains un­
attended with bending stresses produce this result, but the com­
bination of bending stresses and internal strains appear competent 
to cause the early rupture of the rails. 

Experimental research on the endurance of rails of full cross 
section suggests itself as the means of acauiring definite Infor­
mation, in order to establish the primitive position of line B f 

and furnish data upon Its migration while the rails are in service. 
Lines A and B should be separated a reasonable distance and so re­
main, without merging. If they are not found to do so, It is ob­
vious that the severity of track conditions should be reduced or 
the rails removed from service before their margin in strength Is 
exhausted. 

The position of the critical zone of metal in the head of 
the rail is illustrated by figure No. 70, Within this zone the 
direct effects of the wheel pressure are felt. The elastic limit 
of the steel is exceeded in this zone, the relations of the elastic 
limits in tension and compression and their values are disturbed, 
internal strains are introduced; and, from laboratory tests, it is 
found that the value of the modulus of elasticity Is at least 
temporarily lowered by overstraining loads. These are feature's 
which affect the zone of metal at the top of the head of a rail. 

Different conditions prevail on different divisions of a road 
which are met by the use of heavier rails and Improvements In 
maintenance of way: The differences in traffic conditions have 
manifested themselves in the display of transverse fissures which 
have been found of more frequent occurrence on divisions where the 
traffic Is heaviest. The results of such failures examined more 
in detail ha,ve also shown the more freauent display of fissures 
in the low rails than in the high rails of a curve. The normal 
Interval of time intervening between the laying of the rails and 
when transverse fissures make their appearance has been noted on 
some roads. Transverse fissures, which thus appear on schedule 
time, clearly connect their appearance with service conditions. 
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The subject of transverse fissures has been discussed at 

length on account of the dangerous character of this type of 
fracture, and for the additional reason that no s t e p 6 have been 
taken which have afforded relief from their development. Steels 
of different degrees of hardness have been tried, carbon steels 
and alloy steels, some of which have displayed good wearing 
qualities, but transverse fissures have formed in them and they 
have failed without warning. Hea^ierrrails have be^n Introduced. 
The experience thus far has been that transverse fissures have 
developed in them and within ahort intervals of time. It is 
conjectural whether further increase in weight will prevent their 
formation. The reinforcement of the effected zone of metal at the 
top of the head would not seem very great against the Impinging 
pressures of the wheels with any reasonable increase in the weight 
of the rail. A narrow zone of metal on the running surface sus­
tains individual wheel loads, which shifts to new zones under 
different shaped wheel treads. 

Many a.nd varied features have been discussed in this report, 
but all have their relation to the physical state of the rails or 
refer to the phases through which rails pass from the time of 
fabrication until they have completed their terms of service in 
the track. Rails are undoubtedly subjected to severe stresses, no 
other engineering structures furnishing parallel examples. The 
action of the wheels on the critical zone of metal next the run­
ning surface of the head tends toward ultimate rupture in all 
rails. It Is a .matter of severity of stresses, stresses beyond 
the ability of the steel to endure, and their continuance, when 
rupture will ensue In any rail. The present problem is to judge 
whether service stresses have reached such a limit that the margin 
in strength which resides in a new rail Is not being rapidly ex­
hausted. High wheel loads and bending stresses are the destruc­
tive agents involved in the case. There Is a limit of stress 
beyond which steel will not endure. The frequent display of 
transverse fissures raises the query whether the limit of endurance 
Is being too closely approached or whether It has not already been 
reached. 

The alternative methods for insuring safety against the 
formation of transverse fissures appear* to lie in the direction 
of greatly Increased rail sections, or in reduced wheel loads, 
•r in the removal of the rails from the track before their margin 
in strength and endurance Is exhausted. 

SUMMARY 
The following Is a summary of the results of the investi­

gations conducted by the Engineer-Physicist: 
This derailment again forcefully ca1ls attention to the 

dangers resulting from transverse fissures in rails. The testi­
mony of those who were present at the time of the derailment of 
the troop train on the Long Island' Railroad, and evidence since 
then acquired from examination and test of the materials of tne 
track, fully establishes the cause of this accident as the failure 
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of two rails, In these rails there were 14 transverse fissures, 
of which 13 wer^ disclosed at the time of the derailment and one 
other In the subsequent examination of the rails. In two other 
rails which were also examined at the time 8 transverse fissures 
were found, making 22 fissures in all. 

The data acquired in this investigation, as well as the in­
vestigations of previous accidents resulting from rail failures 
due to the presence of transverse fissures shows this to be a 
progressive type of fracture. It is commonly located on the 
gauge side of the head, starting from some point in the interior 
of the reil External appearances of the rails do not give any 
indication of the presence of transverse fissures, they may re­
main unknown and without possibility of detection until they have 
extended to the surface of the rail or until the rail breaks. 
Even when a transverse fissure has reached the surface of the 
rail the opportunity for discovering it is very slight as only 
a fine cracK is visible, although practically the entire cross 
section of the head nay then be fractured. 

A rail is much weakened by the presence of transverse 
fissures even in their earlier stages of development, and ulti­
mately the fracture of the rail is sudden and without any dis­
play of ductility which might lead to its detection In time to 
avert disaster. Transverse fissures may be formed, as In the 
present case, at a number of places along the length of the same 
rail. The complete rupture of the reil at one place is not in­
frequently followed by other fractures almost simultaneously, 
causing an opening to be made in the track. Under these circum­
stances the only means l^ft for maintaining security and continuity 
of the track is the eplklnp-, which Is very severely taxed when the 
rai] Is broken into one or more short pieces. The urgent need of 
eliminating this dangerous type of rail fracture Is apparent. 

Several yeare have n o w elapsed since this type of rupture 
was first brought to notice in these accident reports, ard no 
remedy has be^n applied which has checked their formation. Practi­
cally all grades of steel have been tried, both carbon and alloy 
steels, and transverse fissures have been found in each. Investi­
gations have snown that transverse fissures occur in steel which 
is structurally sound and chemically satisfactory, as well as in 
rails having defective metal. The earliest display of transverse 
fissures In point of time has occurred in rails which exhibited 
the best physical properties in respect to structural soundness 
and uniformity* 

The study of transverse fissures has been directed to the 
state of the metal at and in the vicinity of their nuclei, where 
defects influencing such failures, if they existed, would be 
looked for. But even among rails exhibiting defective metal there 
has been found no common defect to which tne formation of trans­
verse fissures could in those cases be attributed, and the In­
vestigations have shown conclusively that neither defective metal 
nor any physical property or characteristic of the rail structure 
can be assigned as the cause of the formation of transverse fissures 



Investigations, in the quest of a proximate cause for the 
development of transverse fissures, have been directed particular­
ly to the condition of the metal in the rail after it has been in 
service for a time. It is found that the metal at the top of the 
head is charged with internal strains of great magnitude, these 
strains being acquired chiefly after the rail has reached the 
track. The cold rolling of the metal of the running surface by j 
the wheel pressures causes these internal strains. They amount 
to thousands of pounds per square inch. There are also certain 
cooling strains in the rails which ar? acquired during their 
fabrication, but these are much lower than the strains which re­
sult from the wheel pressures. 

The total stresses which rails are required to endure in the 
track are the Internal strains plus the direct bending loads when 
trains are on them. The rupture of rails is brought about by these 
two factors, the Internal strains and the external loads. This is 
true whether the rail is sound cr unsound, Provid_ed no physical 
or chemical defect exists, the direct responsibility for rail 
failures must necessarily be attributed to the track stresses. 

Many influences which affect rails have been referred to in 
the body of this report. A certain area of the Tetal next the 
running surface of -the head, upon which these Influences center, 
constitutes the critical zone to which attention must be directed. 
Careful consideration of the features which have been enumerated, 
tending in their action to c^uae the ultimate failure cf the rail, 
nay bring about an amelioration of existing; conditions and remove 
this very prevalent source cf danger. 

All steels have the ability to endure certain stresses of 
low .magnitude extending over periods of time which may be regarded 
as indefinite, but different grades of metel posses differences 
in the degree of their ability to endure loads. Questions of 
endurance depend fundamentally upon the magnitude of the loads 
which the rails are required to sustain. 

The continued display of transverse fissures in rails 
demands action should be taken for their prevention. If present 
equipment has reached that stage when increase in wheel loads is 
no longer permissible, this feature should be taken Into account 
in the design of new equipment. This idea calls for a suspension 
of the trend which has marked the design and construction of new 
rolling stock, end which, in the immediate past, has been in the 
direction of both heavier motive power and rolling stock. 

If the prevalence of this type of fracture is accepted as 
evidence that wheel loads are to^ high, the correction can n^t be 
made at ^nce. The equipment, such as it Is, must be used, and can 
be replaced only by the gradual process of renewal. For the time 
being reliance must be placed- on superior maintenance of way and 
vigilance in track inspection to obtain immunity from the dangers 
which attend broken rails. 



There are no remedial measures, as such, for the restoration 
of overstrained steel. The safety feature is in no way changed, 
whether the overloading is done on sound or unsound steel. Loads 
must be regulated according to the properties of the materials 
which are obtainable, but this will not be considered an excuse 
for the manufacture or use of steel if it can be improved in what 
is so vaguely designated as its quality. 

It has been held on the part of some that the responsibility 
for the formation of transverse fissures rested upon the steel 
mills, although it has not been made clear what detail of manufac­
ture was under consideration in attaching responsibility to the 
properties of the steel. Importance has been placed upon the facts 
that certain heats of steel developed transverse fissures, while 
other heats did not. In the preparation of these accident reports 
efforts have been made to acquire data upon the conditions of man­
ufacture, investigating all tangible suggestions which have come 
to notice having to do with mill practice. The results of these 
efforts have not confirmed thp views of those who regard the cause 
of transverse fissures as being dup to mill practice. The dis­
covery of a mill defect and its correction would put the matter 
of transverse fissures on a much less disquieting basis than the 
results of the investigations have led to. They tend to Indicate 
that rails are being streinedt beyond the ability of steel to per­
manently endure the service stresses, which is a very serious 
situation.,to meet. The installation of rails of far greater 
sections/ aT;hoee which are now beiner rolled, in itself not yet 
found promising, would seem to exhaust the efforts which have been 
made In providing for present eauipirent and speeds on track as now 
constructed. 

Opportunity is open to acquire more exact data from the track 
than ere now available concerning the conditions which attend the 
formation of transverse fissures^ The limit of rolling loads on 
wrought iron rails was very early reached and it has already been 
passed on rails of low carbon. The hardest rails, as well known, 
display transverse fissures end fail without warning. An apprecia­
tion of the conditions which prevail In the track should lead, with­
out delay, to concerted action toward the elimination of this dan­
gerous type of rail fracture. 

Respectfully sabmitted, 
W, P. BORLAND, 

Chief, Bureau of Safety. 

Note, This was a printed report, all figures have been removed 


