INTERSTATE COMMERCE COMMISSION.

BEPORT OF THE CHIEF OF THE DIVISION OF SAFETY COVERING
THE INVESTIGATION OF AN ACCIDENT WHICH 0CCURRED ON
THE WESTERN MARYLAND RATLWAY NEAR YORK ROAD, PA,
ON JANUARY 7, 1916

June 19, 1916

To the Commission
On January 7, 1916, there was a derallment of a passenger train

on the Western Maryland Railway neax York Road, Pa, which

resulted 1 the injury of 1 employee and 2 passengers After n-

vestigation as to the nature and cause of this accident, I beg to

submit the following report

Westbound passenger tram No 7 consisted of 2 express cars, 1
combrnation ear, 1 coach, and 2 sleeping cars, hauled by locomotive
201, and was 1n charge of Conductor Fauver and Engineman Gut-
shall It was en route irom Baltimore, Md, to Pittsburgh, Pa,
when 1t was derailed near York road at 1047 p m while traveling
at a speed estimated to have been about 40 miles an hour The en-
tire train was derailed, with the exception of the locomotive and the
rear truck of the rear sleeping car, but none of the equipment was
seriously damaged, while the track was torn up for a distance of
about 350 feet [

This part of the Western Maryland Railway 1s a single-track Ime.
No block-signal system 1s 1n use, trains being operated by time-table
and train orders The accident cccurred on tangent track at a
point nearly 300 feet beyond the western end of a curve of 1° to the
right, this curve being about 1,300 feet i length The track 1s
lmad with 90-pound rails, 33 feet in length, single spiked to about
18 oak ties under each rail, ballasted with stone No tie plates or
rail braces were in use at the point of accident The weather was
clear

48221 161



2 INTERSTATE COMMERCE COMMISSION

An examination of the track showed that the deraillment was due
to a broken rail located on the north side of the track This 1a1l,
which was a 90-pound rail, 38 feet in length, manufactured by the
Maryland Steel Co, was rolled in December, 1905, and was orig-
nally laid 1n tangent mamn track in 1906 In September, 1915, 1t
was 1emoved and on account of showing little wear was shipped to
Hanover, Pa for use as a second-hand rail snd about December 20,
1913, 1t was placed mn the track at the point where it broke on the
day of the accident

A portion of the receiving end of the rail about 11 feet 1n length
was brolren mto many pieces, of which 56 were recovered There
was an old split extending nearly through the head of the rail, and
the hend was split loose irom the web at the recetving end The
last fracture did not show any evidence of a split Several small
pieces of the broken head also showed evidence of a split, this sphit
being near the outside of the head At a point about 3 feet 6 inches
beyond the break the rail was cut in two and the metal at this point
appeared to be sound

Direction train fraveled

It No 1 —Qeneral view of Ernctured rml

Locomotive 201 15 2 Pacific type locomotive, with a werght of 156,
000 pounds on the driving wheels The engineman 1n chaige stated
that he had not noticed anything wrong with the fiack as the loco-
mot1ve passed over it, while nothing wiong was noticed when the last
tiain previous to train No 7 passed over the track The preceding
train was an eastbound freight tiain, which passed at about 935 p m

The examination of this rail for the purpose of determining the
1eason for its failure was conducted by Mr James I Howard, en-
gmeer-physicist, tests being made at Sparrows Pomt, Md, 1n con
junction with representatives of the Westean Maiyland Railway
and the Maryland Steel Co, the manufactmers of this rail The
report coveling the results of this mnvestigation 1s as follows
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REPORT OF ENGINEER-PHYSICIST

The derailment of train No 7 was caused by the fracture of a
rail of 90 pounds weight, A S C E section, rolled by the Maiy-
land Steel Co in December, 1905 It was an “AY ral, as 1egard
1ts 1ngot position, from heat No 15694 The receiving end bioke
into a large number of fragments, of which 56 weie 1ecovered

The primary cause of failure was the presence of a split head,
which had reached an advanced stage of development prior to 1ts
complete fracture under this tramm  Secondary hnes of ruptwe
were developed at the time of derailment, the latter separating the
metal of the web and the base at a considerable number of places
Shoit preces of the head, web, and base were bioken off in succes-
sion by the wheels of the tram, after the initial break was made
by the forward pait of the train, and presumably by the engine

I'te No 2 —Fragments of rail, detalled views

Igure No 1 1s a general view of the fractured portion of the
rail, taken from the gauge side The fragments, on a less reduced
scale, a1e also shown by the group of figures m 1illustration No 2
Such of the fragments as admitted of being assembled 1n thenr rela-
t1ve positions are shown in these two 1llustrations
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The fracture of the 1a1l occuired at 1ts 1ecerving end The splice
bars held the fragments at the extreme end in place, beyond which
the fracture of the rail was complete An opening was here made 1n
the track, through which the derailed portion of the train passed
The section fractured was 11 feet long, of which length 8§ feet showed
the presence of a steam in the head The shape of the fragments, in
cross section, mdicated that the origin of the split was in the upper
part of the head, a short distapce below the running surface In-
dividual fragments mdic ’Eed that the spht had been a progressive
one, extending downward toward the web, and travelmg lengbhwme
the rall from some definite although umdentlﬁed statting pomnt The
recovered fragments were 1nsuficient to admit of recognition of the
wciplent place of 1upture

A polished and etched cross section of the rail displayed markings
characteristic of seamy steel, that 1s, acicular lines of structural un-
soundness when viewed on end Such seaminess 15 recognized as a
ccmmon cause, leading to incipent separation of the metal, and
eventually resulting in split heads and certain base fractures These
acicular lines are disposed parallel to the length of the rail Some
have considerable length, while others are short but associated with
each other 1n such close proximity as to appear as continuous streaks,
which at times are several feet in length Their presence does not
1mpair the ductility of steel, when strained m the direction of their
length, but agaimst deformations in a crosswise direction they have a
decided influence 1n lowertng the ductility of the steel

By reason of structural weakness and loss 1 ductility crosswise
such streaks, opportumty 1s afforded for the starting of longitudinal
fractures when lateral flow of the head of the rail occurs under the
action of wheel pressures Fractures of this kuand have been found
m an mcipient stage 1 plaming away the metal of the heads of rails,
at a period of development much earlier than would admit of detec-
tion from surface mdications This evidence, acquued from the
metal of the interior of the rail, confirms the conclusion that streaks
of structurally weak steel are contributory causes to split heads and
certain base fractures The zone 1n which these stieaks are present
15 located a short distance below the surface and parallel to the
periphery of the rail Streaks are found 1n the head, web, and base
Their symmetrical arrangement suggests a common origin whach 1s
attributed to ingot conditions, an inference which 1s suppoited by
the results of the exammatlons of ingots and derivative shapes
Small blowholes 1n the mgot with or without the presence of slag
mclusions, suggest themselves as primarily responsible for the struc-
tural state witnessed in this rail
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Interior seams, as well as surface defects, are of more serious
mmport 1n hard steels than 1n mild grades of metal Steel enriched
1 carbon and other elements—that 1s, segregated metal—s not held
duectly responsible for the formation of longitudinal seams, the
origins of which are traceable to the piesence of lines of stiuctural
wealkness, although structural weakness, whether m aciculai1 hnes
or planes of appieciable width, associated with haid steel, 15 re-
gaided as an unfavorable combination Minor defects 1n stiuc-
ture which are negligible in sofi steel become a menace 1n hard
steel The conditions of service have much to do in defining what
constitutes a ser1ous defect 1n the metal, the need of stiuctural sound-
ness increasing as the stresses in the rails merease 1n magnitude and
n the number of times the loads aie repeated The relations be-
tween stiuctural defects and the grade of steel increase in 1mpo1tance
as harder steels are nsed

The period 1n the process of steel making durmng which streaks
have their o11g1n, being confined to the ingot, as 1t 1s supposed, their
elimmation, partial or complete, 1s a metallurgical pioblem What-
ever difficulties interpose, streaks of this kund should not find then
way nto fimished 1ails 1n greater degree than the state of the art
1enders unavoidable Specific infermation on the condition of the
steel before 1t 1s rolled, and 1n the early stages of relling, before these
acicular lines are developed by the reductions of the 1a1l mill, con-
stitutes information which 1s demanded A physical state 15 dis-
played by the metal 1n the finished 1a1l wluch 18 recognized as a
common cause in many failures

Concerning the detection of rails m the track in which split heads
are 1 process of development, they admit of recognition but at a
late pertod A general increase in the width of the head 1s one of
the indications of a split head The width of opeming of an interior
seam 1s closely represented by the gain in width of the head The
depth of the seam 1s many times 1fs width The head may be fa1
advanced toward separation when 1ts merease 1 width 1s fiist
noticed The formation of a fin along the edge of the head, from the
lateral! flow of the metal at the rmmediate surface, will not be ms-
taken for evidence of a split head, the general width of the head
remaiming unchanged Other indications of spht-head fractuies
consist of a shght depression along the middle of the top of the
head, or the presence of a dark streak at that place, also local sags
1n the head, as seen from the side of the rail

Figure No 3 shows the appearance of the top of the head of the
present rail at a place Just beyond the splice plates, at the receiving
end The recovered fragments from this pait of the 1a1l included
both sides of the head This permitted the placing of the fragments
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togethel and photographing them 1n apploximately the relative posi-
tions they occupied before 1upture was complete Theie was a dark
stieak along the middle of the running surface about 060 inch in
width The general increase 1n_the width of the head was 013 inch
Unruptured metal, about ¢ 1nch 1n depth, between the runmng sui-
face and the seam appeared to have existed piior to the time of
derallment Evidence wasg to the effect that surface indications of a
split head were visible preceding the time of derailment

116 No 3 —Vlew of head of fractured rail, showing dark streak nlong the mlddle of the
running surfnce

Two featuies are brought inte promimence 1n considering the pii-
ma1y cause of the derallment and the cireumstances attending 1,
fnst, the need of ehiminating interior structural defects 1n the steel,
and, second, employing close scrutiny in detecting early indications
of defective 1ails 1n the track

In the mvestigation of rail failmes, 1t 15 essential to mquue into
conditions associated with those which have led to specific failures
Duiing the present examination supplementary data were acquired
upon the state of infernal strains and stresses which affect rails and
which must be taken into consideration m judging of the total
stresses which rails are being called upon to endure while 1n the
track These mrial strmns, markedly pronounced in steel i1n the
form of 1a1ls under current methods of fabrication, are to all appear-
ances Just as real as the direct straimns which attend the passage of
a locomotiie over the 1a1ls  The total stiess 1n the steel 1s the sum
of these stiains which include the cooling strains of fabrication, the
cold rolling strains in the head resulting from successive wheel pres-
sures on the running surface, and the direct bending loads which are
present when the locomotive and tramn are supported by the rail
The magmtude of the stress 1s the algebtaic sum of these several
components, since the direct loads of the equipment cause reversed
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stresses of tension and compression, according to the position of the
wheels, with reference to any given place on the rail

The state of the init1al strains 1 the present rail was ascertaned
1 a section faken from the receiving end, Just beyond the last frac-
ture made at the time of the derailment, also 1n a section from the
leaving end of the 1a1l, each section being examined 1 the condition
1t was left by the dermilment A duplicate section was taken from
the 1ecerving end, which was annealed before its examination In
addition, pieces of new rails were examined tor the purpose of
ascerfaining the primufive strains acquired during fabiication, those
resulting fiom accelerated and from retarded 1ates of coohng, the
residual stiains after annealing, also measuring the modified strains
m sections which had been gagged A few obseivations were made,

oo e

TEOC c 8900 c

Gauge Side

2,700 ¢

2,100 3900 2400
Tensior Tension Tenswon

FI6LR: Yo 4 —Cioss section of 90 pound rail  Stresses corresponding to the imitial
strains 1n scction of rall near 1ts fractured recelving end

Ulustrating the manner 1n which exposure of the base of the rail to
heat affects the head, the expansion of the base by rapid heating,
momentarily causmg contraction of the upper elements of the head

Referring to the 1a1l which caused the present deraillment, the
stiesses corresponding to the strains which were present in the rail
nea1 1ts fractured 1ecerving end are shown on figure No 4 There
was a maxtmum stiess of compression of 11,100 pounds per squatre
inch at the top of the head The sides of the head and the web were
each 1n a state of compression It will be noticed, however, that the
edges of the flanges were 1n a state of tension, an unusual circum-
stance, which requues explanation, since the flanges are also expected
10 be 1n compression when normal cooling strains of fabrication alone
a1e present
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At the time of deraillment the receiving end of this rail was sub-
jected to bending stresses of unusnal degiee Preces were brolen off
in succession by the hammering of the wheels of the tiain after an
opening had been made 1n the track In consequence of this the
overhanging end was bent downward, overstraining the rail and
resulting 1n the 1eveisal of the strains in the flanges fiom a primi-
tive state of compression to a final state of tension 1t has been pie-
viously shown that m bars similarly bent the final initial stiains 1n
the outside fibers are the reverse of those present while the bending
load 15 acting, that 1s, strains of tenston are left on the concave side
of the bent har and those of compression on the convex side The
understrained metal, lying near the neut:al axis, remains unchanged,
that 1s, with compiession on the concave side and tension on the con-

-vex side of the bend This modified stute of 1nitial stiains 1n hent
[ 15,600 ¢

1,500

_ d3t0ce
Tension

Gauge Side

15600 6,900 8700
Tension

FIGURE No 5§ —Cross sectlon of 90 pound rall Stresses coiresponding fo the inilial
strains 1 sectlon of ruil near lis leaving end

bars 1s agamn 1efeired to, since the apparent anomaly of stiains of
tension bemng on the inside of a bent bar, and compiession on the
outside, 1s a matter at tumes misinterpreted

The final state of strain existing in this part of the length of the
rail 1s taken to be a reliable record of the vicissitudes thiough which
1t passed at the time of the derailment The (ensile siresses mn the
flanges are conststent with the conditions which attended 1ts fracture

Figuie No 5 shows the stresses which weie present in the section
taken from the leaving end of the rarl In this section the initial
strains were more nearly normal to rails which have been exposed
only to usunl track conditions It 15 believed, however, that this
portion of the rail was subjected to an unusual load at the time of
deratlment but of lesser degree than the recenving end Records
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of mitial stzains furmsh rehable evidence of a permanent character
upon some of the conditions attending the previous tieatment of the
steel The complex conditions which affect rails frequently 1ender
their interpretation difficuit, and, with present knowledge, at times
1mp1acticable

The third section fiom the fractured rail was annealed The re-
sults appear on figine No 6 The imtial strains throughout were
of moderate degree, showing a decided reduction below those wit-
nessed 1n the other two sections and below those generally in rails
of similar dimensions and weight The effect of annealing 1s to
efface imtial strains, the magnitude of the primitive strains and the
annealing temperatures bemng factors which influence the 1esults

Observations were confinued upon a series of seven sections of
85-pound rails, those having rather thin flanges, of the type known

d300c

1500 c 1200 ¢

Gauge Sde

200
Tension

800 ¢ Jod c JI300c

IFIGLRE No 6 -Crosg secitlon of 90 pound rail Stresses corresponding to inltinl strains
in section of rail near its recelving end after annealing

as the Dudley section New rails were used in which the strains
wele measured due to cooling under normal conditions, those result-
g from an accelerated rate of coohing, and those from a retarded
1ate of cooling, also stramns which remained in the ral after an-
nealing and the strains as they were modified by the operation of
gagging

The section which represented the normal rate of cooling was
taken from the end of a rail which cooled 1n the usual manner on
the hot bed of the 1ta1l mll The section of accelerated rate of cool-
ing was cooled rapidly by a blast of air directed upon 1t by a hose,
the air being applied 1mmedrately after the section came from the
hot saw, and continued untal the section was cool enough to handle.
The section of 1etarded rate of cooling was burzed in dry ashes, in

48221—16——2
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company with two other sections, each taken immediately after hot
gsawing The two additional sections were placed 1n the ashes 1n
order that the increased volume of metal might ard in accomphsh-
g a slow 1ate of coolng

The gagged sections were taken from a rail which cooled noi-
mally on the hot bed

Dragrams are inserted showing the stiesses which coriesponded to
the 1nitial strains observed Figures Nos 7 to 13, inclusive, on dia-
giam A, show the final results on the 85-pound 1a1ls  Figures 7, 8,
and 9, lettered “a” to “d,” on diagram B show the strains m three
of the sections at each of the intermediate stages of the examination

Under the noimal rate of cooling, as shown bv figure No 7, the
st1esses of compression mn the flanges were found to be 16,800 and
18,300 pounds per square inch, respectively, with a tensile stress of
4 800 pounds 1 the elements along the middle of the width of the
base Lowey stresses prevailed in the head, the maximum compres-
sion there being 6,900 pounds per squaie mch The thinner metal
of the flanges permitting a more rapid 1ate of cooling accounts fo
the difference in the imitial strams in the head and the base The
total range 1n stresses 1n the base, those of tension plus these of com-
pression, were 23,100 pounds per square inch

Under the conditions of accelerated cooling, as shown by figure
No 8, the initial stinains wele much incieased, paiticulaily in the
thinner parts of the web and the base The maximum compression
1 the flanges rose to 33,300 pounds per square inch, with tension
along the middle of the base of 19,200 pounds per square mch The
total range 1n stresses 1n the base was theiefore 52,500 pounds pei
square inch The metal at the middle of the web showed a compres-
sive stress of 11,400 pounds Less pronounced effects wete found 1
the metal of the head, each ganged length of which, however, showed
higher results than m the normally cooled section

The section of retarded 1ate of cooling, figure No 9, showed mode1-
ale mitial stresses along each of the elements examimed which did
rot materially differ in magnitude from those of the annealed sec-
tion, figure No 10 The results upon this section furmish data con-
cerning the pertod in the fabrication of the rail when the mmatial
stiams are acquired It appears that imtial strams are chiefly ac-
quired durmng the period of cooling, succeeding the last pass in the
1a1l mill  The reductions 1n the rolls, occurring at a tume when the
metal 1s plastic, do not appear accountable for the final strains which
are m the raills The difference 1n the rate of cooling of the thicl
and thin sections of the rail chiefly influences the results Sections
having thin flanges may be expected to display greater imtial strains
than those with heavier bases .
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Steel 15 susceptible of acquiring 1mitial strains by rapid cooling from
higher temperatures, which slow cooling ameliorates A state of com-
plete repose, m which imtial strains are entirely absent, 1s not prac-
tical to reach n rolled and forged shapes The shape of a steel 121l
15 one that reachly acquires internal strams, which weight and
dimensions of section modify

The effects of gagging are shown by figures Nos 11, 12, and 13
1t has been remarlred that imitial stramns of tension or of compression
may be intioduced at will cn one side or the other of a bar, accord-
Ing to the direction of the bending load It follows that a modifica-
tion of the imitial strams in a rail may be effected 1n a sumlar man-
ner by cold bending The strams introduced during cooling admit
of bemg distmbed and even 1eversed by gagging

The reversal of the strains i the top of the head from a state
of compression to that of tension 1s shown in the results entered
on the diagram, figure No 11 Tt also appears that a state of re-
duced stram was effected 1n the metal of the base Stresses of 1,200
pounds tension and compression, respectively, were displayed by
the flanges of the section that was gagged in two directions, figure
No 13, against a maximum compression of 18,300 pounds per square
inch 1n the section normally cooled

The 1mitial strains pertaining to the sides of the head of the rail
represent the mean effect on strips of the full depth of the sides
The wnfluence of position of the metal with reference to its disfance
from the neutral axis 1s_a factor to be considered in judging of
the effects of gagging The recults on these strips, the sides of
which were at varying distances from the neutral axis, will there-
fore be taken as representing mean stresses The opposite edges of
the strips were doubtless affected by strains of diffeient degrees of
intensity

These gagged sections were found to have strains present of di-
minished magnitude over those in the section of the rail which
cooled normally The operation of gaggmng, mn so far as it related
to these sections, was therefore an ameliorating process rather than
one which increased the intensily of the strains in the surface
metal of the rail The rate of change m the intensity of the mitial
strains, 1 passing from the periphery of the rail toward the center
of the sectron, probably differs according to the volume of the rail
and 1ts rate of cooling, differmng also m rails which are gagged and
n the cold-rolled metal of the head

Each change 1n cross-section dimensions, occasioned by detach-
mg mdividual strips, was attended with a rearrangement of the
mitial strains in the remaining portions of the raill The removal
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of a sti1p of metal from one portion distmrbs the state of equilibiium
previously existing and causes measwiable changes in the adjacent
parts of the tail, and 1n many cases changes that aie measulable
m each of the 1emaining parts of the section The rails were exam-
med at each of the intetmediate stages, during which the several
strips weire being detached The results obtamed on thiee of the
sections ate introduced 1n this report, on diagram B3

Figures Ta—d show the strains released when the section, which
was cooled normally, was cut up for exaimmnation The shaded parts
indicate the cross sectron of the rail at successive stages, while the
figures affixed show the total strains which weie 1eleased at each of
those stages Referi1ing to these results, 1t was found that when the
side strips weie detached fiom the head of the 1a1l they expanded
0 0013 mch and 00017 inch, respectively The 1emoval of metal 1n
a state of compression permitted the stramns 1n the remaining pait
of the cross sectien to 1eadjust themselves, 1n censequence of which
the metal along the top of the head contiacted, the strain there dis-
played being 0 0011 inch  All measuiements 1efe1 to o11g1nal gauged
lengths of 10 inches each When the stiips from the flanges were
detached they expanded 00056 inch and 00061 inch, respectiiely
The metal along the middle of the base at this stage shoned a con-
traction of 00010 inch Upon a further reduction of the width of
the base to 1 inch the total contraction incireased to 00031 ineh  The
maxmmum cbserved contiaction at the middle of the Lase was dis-
played before the thin sti1p 1 inch wide was detached fiom the lowel
cnrface Theire was a 1ecovery of 00015 inch, leaving a final con-
traction of 00016 wnch in the detached strip This result indicated
that a higher state of tension existed m the interiol poition of the
1a1l at the junction of the web and base than pertamed to the smface
metal Indications of this lund enable the presence of stiains in
other paits of the rail to be reccgnized, of gieater intensity than
those 1 the paiticular parts included 1n the measured sé11ps

In the metal of the head a reversed movement occurred which
reduced the fist measmed change of minus 00011 mmch to minus
00009 1nch and then to minus 0.0005 inch  Finally, the strip fiom
the head expanded to 00023 inch above its primitine length
Changes 1n the web also occurred durmg these 1eductions 1n cross-
section dimensions, which aie shown on the diagram

Tn the section of accelerated 1ate of cooling, the 1nitial stiains wele
greater, and their changes during readjustment weie more pio-
nounced than 1n the section of normal 1ate of cooling At the top of
the head the successive strains were contiactions of 00016 inch,
0 0010 mch and 00008 1nch, 1espectively, with a final movement of
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expansion f 00024 1nch when the strip was detached, thus display-
g a total range 1n plus and minus directions of 00040 mch  This
range 15 equivalent to a stress of 12,000 pounds per squatre inch

In the thinner parts of the base, where the initial strains greatly
exceeded those of the head, the successive changes weie gleater, and
the total range m the stresses was also greater than in other parts of
the cross section In plus and minus directions the range 1n stresses
1 the base amounted to 32 500 pounds per square mch

The progiessive and total strains displayed by the section of
retarded rate of cooling were of moderate extent The latter sec-
tron furnished an example, 1llustiating common know ledge, that steel
slowly cooled does not acquire hagh 1mtial strains

Strains may be eliminated, o1 at least partially, by annealing,
effacing 1n part those which had beerr acquired, and also, by slow
cooling from the temperature of 1olling, they may 1n part be pre-
vented frem forming Wlhile the steel™s 1n its plastic state, at 10lling
temperatures, inrtial stiains can hardly exist of substantial amount
The period when they aie acguired 15 at lower tempeiature, after the
metal has reached a state of partial nngidity The capacity for 1e-
tammg mitial strains 1s appaiently contiolled by the elastic himit
of the steel If the metal 1s allowed fo cool after any of the passes
in the blooming or rail mill 1t would then acquuire mmitial strains
These earlier shapes have displayed mmitial stramns when cold, but
of lesser degree than witnessed 1n the fimished 1a1ls

A distinction must be made between the amount of extension o
compression which may be given the rail by the process of gagging,
and the 1mtial strains which result therefiom The eapacity fo1
mitial strains 1s necessarily limited to the elastic mit of the metal
that 1s, the 1nitial sttams in an ordmnary tail can hardly be gieater
than represented by two-thousandths of its length, the stiain co:-
responding to an assumed elastic limit of 60,000 pounds per square
mnch, whereas the total extension or compression from gagging may
be any reasonmable amount—several tumes the amount of the 1nitial
stiam which results therefrom In 1espect to the amount of exten-
s1on or compression given the rail, gagging 1s not the same as peining
the surface, nor the same as the cold 10lling effects of wheel pres-
sures, each have then own characteristics

It 18 necessary to refer to these matters at length 1n order that at
least some of the governing principles may be made clear They do
not admit of brief mention, and vet a discussion covering only the
main features might seem prolix It 1s believed, howeier, that the
unpoitance of the subject 1s such as to justify piresenting the details
at considerable length
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The normal stresses which affect rails—that 1s, the direct bending
stiesses from wheel loads—cause unit stresses considerably higher
than engineering practice prescribes for use 1n permanent structures,
and to these direct stresses the initial strains must be added to show
the total strains and stresses in the 1ails Imitial strains have not
generally been given due consideration They haive not even been
measmed 1n many nstances The present determinations and those
of earlier reports show the 1mitial stiains to be of magnitude ap-
ploaching or even exceeding at times the direct bending stresses ot
the train loads

The susceptibility of steel to receive mitial strains, long lmown to
be a fact, 1s clearly shown in the present examination and those of
earhier date It has been shown by many tests that steels may be
ruptured by repeated stresses, unaccompanied by the display of
ductility, snd that fewer repetitions are necessaiy to accomplish
rupture 1 proportion as the loads are increased, fuithermore, that
the characteristics of imnitial strams are the same as those due to
external loads These considerations make 1t necessary to talke into
account the magnitude of the imitial strains as having an influence
upon the ability of the steel to endure repeated loads with safety
Inteinal strains fiom cooling at time of fabrication and those from
cold 10lling 1n the track aie not negligible factors

Referrmg to the measurements which were made on pieces of
1a1l5 when gagged the results of which appea1 on diagram C
Rails of 100 pounds weight, A R A -B section, were employed
Rail A fignres Nos 14a-d, was first gagged on the head, causing a
permanent set of compression on the top of the head of 000817,
with an attending set of extension on the base of 00041”” The
1a1l was reversed and gagged on the base The permanent sets wete
accordingly reversed, the head now bemg extended and the base
shortened This was followed by regaggmg on the head The
amount of gagging was about the same as that normally given in the
1egular worlt of rail straightening Repeated gageing 1s believed to
be accomplished with less mechanical work than that required on
the first occasion This impression 18 held by those at the gagging
press and 18 consistent with the kmown reduction 1n the elastic hmits
caused by overstraining the steel and consistent also with obse1 vations
which have been made on the power required to drive shafting,
rotated under overstraiming loads. Progressive fractures are not
started necessarily at this stage, the reduction in resstence to pag-
ging being attributable to the lowering of the elastic limits of tension
and compression and the shght attendant reduction in the value of
the modulus of elasticity The portion of the cross section of the
rail near the neutral axis 1s not overstrained by gagging, hence 1t 18
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the behavior of the fibers which are remote from the neutral axis
that accounts for the reduction i the amount of bending force
required tn the case of repeated gagging

In both of the gagged rails, A and B, 1t will be noted that the
permananet sets 1n the head were greater than those of the base
This 1esult occurred regardless of whether the sets were of exten-
sion or compression Differences 1n the physical properties of the
thick and the thin sections of the rail, and in the primitive iitial
strains from cooling doubtless infiuence the relative display of sets
m the head and the base The measured extensions and compres-
sions of the metal upon reversal of gagging operations furnishes
evidence that the length of the rail over all does not undergo any
decided change m length in consequence of gagging Gagging be-
yond the gauged length, on each end, was done without causing
measurable change within the gauged length

The longitudinal effects of gagging are, of course, greatest 1n the
outside fibers of the rail The interior fibers are strained 1n a lesser
degree than those at the top of the head, or along the lower surface
of the base While any stramming beyond the elastic lunit of the
steel may be considered as having a detrimental tendency, and 1f
long continued would eventually end in 1upture, neveitheless the
overstramning of rails for the purpose of straightening them, by
loads once applied, and of a magnitude causing permanent exten-
sion amounting to only one-tenth of 1 per cent, should not seriously
affect a grade of steel which 1s smtable for rails

In a crosswise direction, the effect of the plunger of the gagzing
press, according to the testimony of those i position to make fre-
quent observations does not cause materral visible deformation

Rails are at times subjected to rapid heating by the shpping of
wheels, resulting 1n “wheel burns,” so-called Momentarily a state
of strain 18 set up which 1s modified as soon as the transmission of
the heat wave has time to take place There 15 a wide difference
1 the rate of transmission of such heat waves and the transmission
of the strains which aie caused by the sudden application of heat to
the smface of the 1a11 The treads of wheels and brake shoes are
affected 1n thrs manner more fiequently and with greater seveiity
than 1n the case of rails

The display of elastic extension or compression takes place with
rapidly applied loads without noticeable lag, when the stresses do
not exceed the elastic lumt of the steel Observations on this feature
have been made with speeds of loading up to about one hundred and
fiftieth of a second, and from zero load to 2 maximum tension o1
maximum compression of 40,000 pounds per square inch The t2ans-
mission of heat waves, on the other hand, 1s very sluggish, in a
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compaiative sense Heat suddenly applied to one surface of a 1a1l
will momentarily cause a reversed strain in the opposite face, before
equalization of temperature occurs Heating the base of the rail
and extending the metal on that side will momentarily cause a
shortening of the rail along the top of the head and this wall be main-
tained until the heat wave 15 transmitted and the temperature of the
1a1l 15 approximately equalized after which the top of the head wall,
of course, lengthen

The results entered on the diagram herewith show the contractile
movements observed when a rail of 100 pounds A R A -B section
was placed upon a hot billet The first observation showed a con-
traction of 0 0003 1nch, the second a contraction of 0 00051nch; and the
third a contractron of 0 0006 1nch, the rail remaining on the hot billet
different inteivals of time Between each observation the rail was
cooled The maximum contraction mentioned corresponds to a stress
of 1,800 pounds per square inch 'When the heat wave reached the
top of the rail an expansion necessarily tool place The final obser-
vation was made affer the rail had rested on the hot billet for a
period of 15 minutes Tha expansion at this time was 0 0125 inch,
which increased to 0 0155 mch five minutes later, the rail in the mean-
time having been 1emoved from the source of heat During a portion
of the time of these observations the metal at the running su: face of
the head was 1n a state of compiession Acecording to the shape of
the section, or the point of application of the heat, the adjacent paits
of the rail might temporarily be put into either tension or compres-
sion  Ruals, wheels, and brake shoes pass through thermal changes
of this kmd, which confribute their share in augmenting the direct
strains of service.

A general summary of the results of the measured strains which
were found 1n the several sections 1s shown on Table No 1

TABLE No rl—Imtmi', straans in steel rails

[Stresses pounds per square inch, correepondlng to meapured strajns  Compressive stresses
in ordlnary faced type enslle stresses in heavy faced type

Head Base
Deseription Wel
Side | To Side Flange | MMdlo | propee
P of midth B
90-pound rail, Western Maryland
Fractured end 7200 (11,100 [ 0,900 | 2,700 2,100 3 90p 2,400
Leaving end 3300 | 15,600 | 1 500 600 | 15 600 &, 900 8,700
Fractured end, annealed 1,500 ( 3,300 ( 1,200 900 400 300 3,300
B3-pound rail, new
Normal ecoolhng 4,500 | 6,0600| 5100! 1,800 16 800 1 800 I8, 300
Accelerated coohing A400 ( 7200| B 100 | 11 400 33,300 19 200 31, 800
Retarded cooling 3300 150 2,100 180 300 3 600 300
Amnealed L500 [ 30000 1200 400 2,400 4 200 1,200
Gagged on bead 5700 | 3600 | 5400 600 9 900 1 200 9, 600
Qagged on hase 3000 6900( 3600|1050 B 400 3, 600 6, 000
Gagged on hase then on head 84001 6 000! 8 400 | 4 800 1 200 1,200
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The individual strips on which the initial strains were measured
wele annealed, the results of which appear on Table No 2 They
were box annealed at an estimated temperature of 1,400° F The
temperature of the furnace was gradually raised and maintamed at
the maximum for an imterval of 1 hour, after which 1t slowly cooled,
the strips remaining 1n and cooling with the furnace The general
result of the annealing was a shortening of the strips

TABLE No 2 —Ststps annealed at 1,400° F

[Contractlons on gnuged lengths of 10 inched eech ]

Head Base
Description Web
Side Top [ Slde ' Flanga | Middle | Flange
!
90-pound rail, Western Marvland Inch | Inch I Inch | Imeh I Inch Ineh Inch
Recetving end ([ractured) 00027 | 0 0042 0 0040 | O D019 0 0030 0 0012 0 0057
Leaving end 0068 0059 0089 0082 0043 0047 0038
Recerving end (annealed) 0070 0063 0106 0001 0038 0088 0126
85-ponnd rail, Moryland Steel Co
Normal cosling 00_3 0010 | 0048 0020 0018 1 0004 0016
Accelerated cooling 0046 0034 0040 | 0043 | 0033 001> 0019
TRetarded coaling 0030 | 0030 0035 | o037 | 007 0015 0023
Annealed 0002 [ ' 0015 | 0016 l 0005 | 0025 L 0008 021
Gogged on head 0031 0014 o003, 0 0 0018
Gagged on Dhase 0009 0022 0014 | 0038 | 0021 0025 0022
Gagged on hase, then on head )33 0024 | 0019 L 0032 ' 1 0009 0010 oMz

1 Increase in ganged length

Certain of the strips wele 1eannealed at an estimated temperature
of 1,450° F The strips were kept in the furnace for a period of
8 days, during which 1nterval the maximum temperature was main-
taimned for a pertod of about 3 hours each day Each stiip, when
cooled, showed additional contraction in length These strips were
again annealed, for a third time, being kept mn the furnace for a
period of 6 days, raised to and maintained at an estimated tempera-
ture of 1.450° F for a period of about 4 hours each day The stiips
continued to contract 1n length, as shown by the measurements talken
when they were cold

Table No 3 shows the amount of the shortening of each strip on
gauged lengths ot 10 inches each, cansed by each annealing, and the
total amount 1esulting from the three annealings
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TasLg No 3 —Contrachions of strips on gauged lengths of 10 inches each, caused
by each of 3 annealings, and toial contractions resulling therefiom

Head Base
Description Web
Side Top Side Flapge | Middle | Flonge
90-pound rail, Western Maryland, leav-
1ng end Inch | Imech | Fnch | Inch Inch Inch Inch
1rst annealing 0 0069 | 0 0029 | 0 DORG | & 0085 0 43 0 0047 0 008
Second anmealing 0163 0111 0138 [HIE] 0092 0149 0106
Third annealing 0167 0179 077 0164 0139 0197 0140
Tolal 0399 0349 i 0404 0363 0274 0303 0284
85-pound new rall, normal cooling
- First annealing 0023 0040 0048 000 0018 10004 0016
Second annealing 0075 0070 0075 0043 0032 0063 0025
Third annealmg 0109 0129 0142 0151 008> 003 0084
Tatal 0207 | 0239 | 0260 0244 013, 0164 0125
Sa-pound new rail, accelorated cooling
First annealng 0046 0034 0040 0038 0033 0015 0019
Second annealing - 0107 0087 0077 0038 0o 0075 048
Third annealing 0121 0115 o3 0117 0071 [ a102 062
Total 0274 0247 230 0213 0149 [ 0180 T 0129
85pound new rail, gngged on head
Tirst annealing 0031 0014 00335 ) [ 0018
Second annealing 0062 0068 0052 0030 20
Third annealing 0111 0127 0123 0062 0007
Tatal 0204 0212 009% 0104

1Increase 1w gauged length

It 15 seen that repeated annealing of the strips resulted in sue-
cessively shorteming their lengths 1n amounts which eventually
ranged from about one hundredth of an inch to four hundredths
of an inch on gauged lengths of 10 inches each Thus a very ma-
ter1al change 1n this dimension was effected without evidence that the
maximum amount had been reached

In order to further 1llustrate the physical changes to which steel
1s susceptible a few of the strips wele subjected to other treatment
fo1 the purpose of reversing the contractible movement of annealing
and causing an expansion 1n their lengths These strips were
heated to a temperature of approximately 1,000° F and quenched
in water The expansions displayed by these strips are shown n
the accompanying table, No 4

TABLE No 4 —Eazpansion of stiips, on geuged lengihs of 10 mches each, by
quenching from a femperatiure of approzmmately 1,000° F

Location of strip
Descriptlon
Side of Edge of
head fAenge
Fach Inch
90-pound rail, Western Maryland, leaving end 0 0018 0 014
85-pound rail, new, normal cooling 0012 0013

§5-pound rajl, new, accelerated cooling 0007 0015
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The above expansions correspond to stresses ranging from 2,100
to 5,400 pounds pet square inch The equivalent values in stresses
which are biought about by such means, modifying the rate of
cooling at the tume of fabiication of the rail, influenced by the thin-
ness of different parts of the 1ail section, by heating followed by
slow 01 rapid coohng in the finished 1211, or by the cold rolling ef-
fects of wheel pressures, emphasize how much should be talen under
consideration 1n addition to the direct stiesses of the wheel loads on
the 1a1ls 1n the track

Bending tesis were finally made on a number of the strips, on
those which had been annealed only, and on others which were
quenched after annealing The thinne: strips from the head and
base weie bent cold, through an angle of 180° and closed down with-
out fiacture Strips from the edges of the flanges having the full
depth of the base at that place were bent 180° to a 1adius of curva-
ture of three-fourths inch, also without fracture

The elongation of the metal on the tension side of the cuived pot-
tions of the flange stiips 1anged from 12 to 17 per cent 1n the differ-
ent rail sections, this extension not exhausting the amount which
the steel was capable of displaymng

The chemical composrtion of the 1ails examined and hetemn re-
potted upon 1s shown on Table No 5

Tanur No 5 —Chemicel analyses of 1azxls

Deseriptlon C Mn P g Sr Cr |Ni & Co
)

QO-IEound ray] from derailment near York

oad, Pa

Tap of head 05% | 113] 0072 | 0057 ) 0065

Lower center of head 6941 115 080 063 068

Cormer of flange 586 111 073 061 063

Mol test 55 119 067 069 075 |
85-pornd new rals, examined for initial |

strains 653 67 LI TH 48 121 033 059

100-pound A R A -D new rail, gageimg tests 677 69 015 030 125 27 ‘ 85

In concluston, 1t appears that the cause of the failure of the rail,
which resulted in the derailment of frain No 7, was a split head
This was induced by the presence of seamy, acicular metal which
was located 1n a zone a short distance within the periphery of the
rall  The seamy metal below the running surface of the head was
exposed to lateral flow, the usual eflect of wheel pressures The
absence of o1 impanment of, ductihty in the steel, crosswise these
seamy lines, led to the formation of mcipient cracks, 1t 15 believed,
which gradually extended until a spht head resulted

The presence of seaminess 15 a structural defect which has its
o11Zin 1n the ingot, the elimnation of which 1s a metallurgical and
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mill question The elimination of seamy steel, complete o1 partial,
will effect an improvement 1n 1a1ls and-femove the common cause of
many rail failures

The p1esence of the split 1n the head of this rail, 1t 1s believed, ad-
mitted of detection prior to the deirailment The increase m width
and the piesence of a dark streak along the middle of the runming
surface were each the usual mdications of a spht head

SUMMARY

The result of this mnvestigation shows that the failluie of the rail
which caused the derailment of tram No 7 was due to a split head
Rail failwes of this kand a1e not of infrequent occurrence, since lat-
eral flow of the metal of the head, the result of wheel pressure leads
to this type of fracture The immediate cause of the disturbanee ot
the metal of the head 1s therefore the wheel piessures, but back of
this 1s the matter of structural soundness of the steel, which 1s the
vital feature in many instances and is the important one in the
present 1211  Sound steel will display a certamn amount of ductility
when tested by tension, and will display a greater amount when
cold swaged, cold drawn, or cold rolled—that 15, when 1its own
strength 1s not celled upon to cause the extension

In rails of medium hardness fins form along the sides of the head,
dlustrating the primitive ductihity of the steel, the metal which
forms these fins coming chiefly from the top of the head Seamuiness
of the steel detracts from thig ability to flow 1n a lateral direction
hence when the rail contamns seamy metal mn the head there 1s a ten-
dency, when strained laterally, to develop mmcipient cracks which
ultimately extend and finally result in split heads If the suiface
metal 15 softer than that of the intetior of the head, then such a con-
dition 1n conjunction with seaminess increases the tendency to form
split heads The real danger, 1t would appear, has to do with seami-
ness 1ather than segregation

The symmetiical arrangement of those mailes which appea on
the cross section of etched rails and repiesent seaminess place the
responsibility for their presence on the state of the metal 1n the ingot
Investigation has shown that seaminess mn the base has the same
character as that wlich 1s found 1n the head, and certain base fiac-
tures are attiibutable to such seammess In the web, however, less
ironble 15 eaperienced from this cause An impiovement i mgot
conditions should effect an impiovement m both the metal of the
head and the base, and definite information should be acquned on
the structural state of the metal in the ingot 1n a suffictent number
ot examinations to fully demonstiate the extent to which the caunses
of searmness prevall as well as what remedial measuies can be
adopted to prevent thernt 1ecurrence
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It 15 important, as a mill question, to remove the causes of seami-
ness, while 1n reference to track maintenance 1t 1s necessary to exer-
cise diligent scrutiny in the detection of rails which are failing, and
which present evidence of the same by surface indications Ths
ra1l appaiently displayed evidence of a split head on the runmng
surface prior to its complete failure, in showing a general increase
1n width, and also 1n exhibiting a dark hine along the middle of the
head, the latter being a feature which 1s commonly recognized as
the vigble indication of a split head It so chanced that this was
a relaid rail. but that circumstance 1s believed to have no direct bear-
g upon 1ts failure

Biiefly summaiized, 1t 1s a desideratum that the causes of seami-
ness be ehhminated from the ingot or elsewhere, 1f not confined to
ingot conditions, but until there 1s assurance of the ehmination of
the causes of seams, rehance must be placed on tiack inspection for
the detection and removal of rails having sphit heads Since the
depth of the seam 1 the head of a 1a1l 15 many times 1ts width, the
detection of a splhit head 1s confined to evidence which 1s furnished
Dy the lesser dimension of the seam and such 1nspection becomes
essenbally, a rigorous matter

This report contarns further data upon the state of 1mitial strams
which affect 1a1ls Rails are exposed to repeated alternate stresses
and 1t has been shown by laboratory tests that an increase in the
fiber stresses of steel exposed to repeated stresses lowers its limit
of endurance, which dunmishes very rapidly when the loads attain
certain lunits, that 1s. when the fiber stiesses approach the elastic
hmit of the metal It 1s further known that the direct bending
stresses of rails 1n the track are very high in comparison with the
umit st1esses which are deemed prudent to use in other engineering
stiuctures The presence of imitial strams from cooling duiing fabri-
cation and those due to the cold rolling action of the wheels on the
running surface of the head i1ncrease the total stresses of the rails
when the wheels me 1in certain positions Necessarily, these 1nitial
strains shounld be taken into consideiation m judging of the strength
and ability of the rails to endure the loads which are imposed upon
them 1n the track It does not appear, however, that such consider-
ation has been given the subject

The present 1eport also contains measulements on the initial stiains
m rails under normal conditions of cooling, when the 1ate of cooling
was accelerated, when 1t was retarded, and strains present in an-
nealed sections The effects of gagging are also shown The sub-
ject of gagging throughout the history of rail maling has been a
discursive theme, without attaimng definrte ends In respect to the
present results the magnitudes of the imtial strains in the gagged
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sections were found to be lower than those 1n the corresponding sec-
tion which cooled normally In the head, the normal condition of
a state of compression was reversed and 1mitial strams of tension
were mtroduced Laboratory tests of an early date showed snch a
reversal of strains would be expected as a result of gagging

The report mvites attention to the distinctton which should be
made between the peimanent sets of tension or compression which
are given the rail by the process of gagging and the mmtial strains
which result therefrom A few observations were made en the
transmission of stresses by heating one part of the rail, the head
bemng shortened by rapidly heating the base This temporary con-
traction of the metal of the head +was, of course, lost when the tem-
pelrature of the rail was equalized The effects of sudden heating
have a bearing upon the strains momentarily mtroduced 1n 1ails
when “ wheel-burns” occur, as well as influencing the stramns
brake shoes and the rmms and plates of wheels The transmission
of strains occurs immediately, while a slower action attends the
equalization of tempelrature
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