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INTERSTATE COMMERCE COMMISSION

REPORT OF THE CHIEF INSPECTOR OF SAFETY APPLIANCES COVERING
HIS INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE
GREAT NORTHERN RAILWAY NEAR SHARON, N DAK, DECEMBER 30,
1911, ACCOMPANIED BY REPORT OF THE ENGINEER-PHYSICIST OF
THE BUREAU OF STANDARDS COVERING HIS INVESTIGATION OF THE
BROKEN RAIL CAUSING THIS ACCIDENT

May 4, 1912

To the Coarrission

On December 30, 1911, theie was a dermilment on the Gieat Noith-
ern Railway near Sharon, N Dak This derailment caused the death
of 2 passengers. 1 employee not on duty, and 2 dining-car emplovees
Tnjuries were received by 15 passengers the tiamn conductor, news
agent, and 1 poiter This aceident was repoited by telegraph on the
date of 1ts occurrence, and after investigation I beg leave to submait
the following report

Tiain No 3, known as “The Oregomian,’ runs from St Paul
Minn  to Spokane, Wash This (ramn left St Paul at 1045 p m
on December 29 and at the time of derailment consisted of one mail
cal one baggage car, two coaches, one tonrist sleeping ca1, one dining
car, one standard sleeping cai, and Great Northern business ca
No A-25 This train was hauled by engine No 1439 and was 1n
charge of Conductor Crowder and Engineman Vogel Tt passed
Finley N Dak the last station previous to the pomnt of derailment
at 918 a m December 30, and had reached a point about 2 miles
west of I'inley when the acaident occurred, at about 923 a m  The
speed of the train at the time of derailment was estimated to be
about 25 miles per hour

The entire train was derailed with the exception of the engine and
tendet The mall car remained partly on the rals, while the bag-
gage car was deralled and leanmng to one sude The two coache~
tourist sleeping car, and dinmg car were resting on then sides at
the bottom of a 20-foot fill The couplings held between the fi1st
three of thece ca1s while the dining car hioke loo=e and was a few
leet awav from the tourist ear The standard sleeping cal remained
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vpright at the top of the embankment The forward tiucks of the
busimess car were deiailed, the remi trucks remamming on the rails
The tour1st and dining cars canght firte from the cooking ranges cai-
tied by them and were totally destroyed, together with the coach next
to the tourist ca1  The destruction of the 1emaining eais was pie-
vented by the vse of snow and fire extinguishers

The accident occurred at the begimning of a 2° emve leading to
the 11ght on an ascending grade of one-half per cent  Approaching
this cuive the track 1s straight for <ome distance Tt 1s laid with
35-pound 1ails, 33 feet 1n length, double spiked on lhoth sides  Tam-
arack fies are used, with steel tie-plates About 20 ties are used
under each ra1l with about 2 feet of gravel ballast

The weather at the time of the accident was cold and stoumy the
temperature being 18 below zero, with a highl snow falling and a
strong wind

This acadent was cansed by a hioken raill  Anangements weie
therefore made with the Buieau of Standards, Depattment of Com
metce and Labor for the pmpose of having this rail exannmned anc
the causes of 1ts faillure ascertammed This examination was con-
ducted by My James E Howaid engineer-physicist of the Burean
ot Standards, and the results of his examination, with accompany ing
eaplanatory illustrations, aie attached to and made a part of thie
1epolt

The broken rail causmg this accident was an 83-pound Bessemer
~teel 1211, made by the Tllinois Steel Co South W ks, heat No 66825
This 141l was1olled 1n 1906 and laid 1n the track on August 30 of that
vear After the accident the recerving end was found fo be mtact for
& distance of 18 feet 74 inches, while the leaving end was intact for
distance of 8 feet 114 inches  The 1nter veming section 3 feet 3 mches
m length was brolen into many pieces 18 of which wele 1ecotered
The entire rail was sent to the Bureau of Standards for exammation
and test

Examination of this rail showed that although the head was -pitt
tor a length of nearly 8 feet the init1al rupture at the time of derail-
ment was the crescent base fracture between fiagments Nos 8 and
8a as shown m figure 8 The rail was necessaiily m a wealkened
condition by rea<on of the split head, but 1t had undoubtedlv been 1n
that condition, to some extent fol some time preceching the time of
the derailment The aceident 15 behieved to hase been precimtated at
tlns particular time by the development of the base fiacture abosve
mentioned  DBetween fragments 8 and 8a was found a longitucinal
strealk o1 lamnated seam, 63 mches 1n length with a depth of about
01 mch This line of rupture appeais to have preceded all others
with respect to the time of development This mitial fiacture wa-
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tollowed by the fractuie of the web and head between fragments
Nos 6 and 7 and fragment No 9, shown in figure 3 Other Iines of
ruptuie followed 1n succession  The lines of rupture at the westeily
enid ol plece No 2,shownin figure 3, and the easteily, or recerving end
of prece No 18 shown 1r figme 4 represent the limits between which
all the fractuies 1n this rail were developed The fissuie 1n the head
extended fiom a point near the easterly end of piece No 1 along the
length of the 121l into fragment No 11  Etching of fingment No 12
showed the split head, or fissure. to extend into that fragment, but 1t
could be traced no farther TFigures 5 and 6 clearly show the black
line on the running suiface of the head of the rail, indicative of
mnterion defects

Attention 1s called to that part of the report of Mr Howaid stating
that 1l 1s characlenstiec of the ciescent-chaped flange bieaks shown
m figines 8 and 9, that there 1s practically no display of extension
of the steel across the laminations Rails display ample extension
when the metal 1s strained 1n the diection of the length of the 1a1l pai-
allel to the length of the lamination, but 1n a crosswise direction they
show great brittleness  VWhereyer there 1s a lack of structural continu-
ity in the steel, buitileness may prevail when 1t 13 overstrained at right
angles to that lack of contintity  Stresses may move readily reach the
necessaly maximum in the base than in the head, probably accounting
for the fact that flange breaks aie more numerous than split heads
The manner of accomplishing overstraining 15 quite different n the
head than in the base and from the examinafron of this1ail it may be
inteired that defects in the base are of a more grave chaiacter 1ela-
tively and lead to moie ra1l fractures than defects located 1n the head
of the ra1ll  The splhit Lhead had been 1n this rail for some time and
the rail had been passed over by many trains while in that condition
but the base fracture was probably fully developed by the derailed
train  Laminated seams are regarded as a common cau<e for many
of the base fractures and for many of the split heads

Mr Howard’s repoirt further shows that there was no slag along
the line of the fissuie, or split head, and that 1ts probable origin was
at a point where the steel was much higher mn carbon content than in
other portions of the rail It also appears that there was a segrega-
tion of phosphorus and sulphur This sphit head was undoubtedlv
caused by the combination of high carbon steel at the center of the
head with laminated seams mnterposed between that and the medium
catbon steel at the outside of the ra1ll  After staiting the split head
was gradually developed by many trains with then heavy wheel
loads until at the time of the failure 1t had 1eached the length of
about 8 feet previously mentioned Attention 1s al<o called to Ague
13 showing the carbon content of the steel at different points sa1ving
fiomn 03T per cent to 077 per cent The analysis of the test mgot
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showed 53 per cent carbon This analysis 15 supposed to rep esent
the heat, but 1f the heat does not represent the rails produced there-
from, the analysis would seem to be of no particular valoe as 1t would
be useless to refer to the composition of a rail as being of a certamn
per cent carbon when one part contains 100 per cent more carbon than
another part

Since Mr Howard’s report shows that crosswise stresses are held to
be directly accountable for flange breaks in the bases of rails m
seivice, 1t 1s apparent that tests should be required for the purpose of
determining the brittleness of the metal when subjected to such
stresses

The results obtained by bending a piece of the rail under examina-
tion 1n a crosswise direction are shown in figures 14 to 17, mnelusne
Figure 17 shows that when bent in the direction 1n which rails are
usually tested satisfactory results can be obtamned It thus appeais
that there 1s practically no extension of the metal 1n a erosswise duec-
tion, and that laminated and streaky metal, such as was responsible
lor the failme of this rail can not be detected by the usual lengthwise
tests

When subjected to the drop test the rail fractured on the first blow,
but fulfilled current rail specifications 1n 1espect to elongation and
mtenlor soundness Two other drop tests were also made, neither
of which revealed any interior defects The fiagments tested were
then subjected to crosswise bending, and 1t was found that laminated
seams wele present The drop test, therefore 1n this instance failed
to detect these interior defects

M Howaid further calls attention to the fact that the subject of
lammnated streaks 1s not a new one that 1t has been dealt with m
varlous congressional documents 1ssued 1n 1908 and 1909, and that
the presence of such stieaks and seams i the finished rail can be
attributed fo the condition of the metal 1n the 1ngot

The examination of the broken rail causing this accident cleaily
shows that 1ts farlure was due primarly to the presence of laminated
seams thns weakening the base of the rail to such an extent that in
all probability 1t was broken by the engine diawing tramm No 3
These laminated seams are defects of manufactuie, and current speci-
fications, as well as tests made before acceptance, are not sufhicient to
mnsute the discovery of <uch defects  Careful track mspection shouid
have disclosed the fact that this 1a1l was defective, in so far a- the
split Liead or fissure was concerned, as the dark <tiealt on the 1unming
suiface of the head of the 1ail was very pronounced

The number of rail failures which occur on the railways of the
United States 1s constantly inereasing  On the Gieat Northern Rail-
way during the months of Noiembel and December 1911, and Jan-
naly 1912, there were 2 760 rail failures Of this number 936 were
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defective One intelesting feature 1n this connection 1s the fact that
of these 936 defective 1a1ls 605 were 90-pound rails made 1n the years
1908 1909, 1910 and 1911 Of approximately 600 rails which failed
on the Minot driision of this railway during 1910 and 1911, 80 pei
cent were caused by fractures staiting from seams 1n the bases of the
rails while only 7 pet cent showed no signs of defects

Present specifications and tests, 1n so far as the detection of longi-
tudinal seams 15 conceined, appear to be mmadequate In view of the
fact that the existence of 1ails with defects of the character herein
discussed has been 1ecognized for several years 1t would seemn to be
time that some definite action be taken toward eliminating this <ouice
of danger and securing stincturally sound rails

Respecttully submitted
H W BeLnar,

Cheef Inspector of Satety Appliances
48375—12——

[ B]




REPORT OF THE ENGINEER-PHYSICIST

I have the honor to 1eport upon a steel rail received from the
Great Northern Railway, which fiactmied 1n the track and appeared
to have caused the derailment and wieck of train Ne 3 on the morn-
mg of December 30, 1911, at a place near Sharon, N Dal

This train left St Paul December 29 and was running 1n a westerlv
direction when upon approaching the easterly end of a 2% cuive 1t
was in part deraied, the north rai of the track fractured the de-
1ailed cars leaving the track in a northerly direction, toward the
mside of the curve At the time of the accident, 923 a m, the tem-
petature was about 18° F below zeio with a strong northwest wind
blowing and a little snow 1n the an

The tram was made up as follows Engine and tender No 1439
mail car No 52, baggage car No 1668 smoker No 3512 fiist-class
coach No 4314, tonrist <leeper No 6572 diming car No 7103 Pullman
sleeper and business car No A-23

The engme, tender and part of the mail ¢ar remained on the tiack
and the 1ear trucks of the business car The other cars of the tran
were derailed, four of which fell over on their sides at the foot of an
embankment, and three of the fow, namely, the day coach tourist
sleeper and dining car, were destroyed by fire

The casualties numbered—5 Ialled 4 of whom were 1n the dining
car, and 18 injured

The rail which fractured was of Bessemer steel made by the Illmoi«
Steel Co weighing 85 pounds per yard heat No 66825 and branded
“ 8509 Ilhnois Steel Co South Wks VIIT-1906" It was Iaid on
tamaracl ties 20 to the rail, with tie plates, the rails bemg 33 feet
long

The order under which the rails were bought called for the follow-
g chemical composition

Per cent
Caibon - . e 0 48toQ 50
Phosphowvus - Notover 0 10
Silweon. e Nofover 0 20
Manganese__ . . . e J 8tol1 10

(8)
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The average composition of rails wspected on August 4, 1906, the
month 1 which the rail was laid, was reported

Per cent
Carbon ______ o __ S 053
Phosphorus________________ e 086
Sihcon - e 088
Manganese_ e [ 15

The dimensions of the ral were

Thickness of web___ . o —

An intermediate pait of the lengfh of the rail was fractured at
the time of the accident The easterly end remained intact for a
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length of 18 feet 73 inches, and the westerly end for a length of 8 feet
113 nches between which two parts a cection 3 feet 3 inches long
was fractured I'rom the ruptured section there were 18 fiagments
recovered

These fragments and three short sections which were cut off by
the railway company were forwarded to the Interstate Commerce
Commission, Washington, D C | and by the commission sent to the
Burean of Standards Subsequently the remaining parts of the rail

wele shipped to the Bureau of Standards, the entire rail then becom-
g available for examination and test

e e ——— R T B T s——
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The scene at the deraillment 1s shown by photographs, figures 1 and
2, which were taken soon after the occurrence and while the cars were
still burnming

The examination of the fragments of the rail and the intact poi-
tions showed that 1t was defective 1n two vespects, the steel was
laminated and stieaky 1n both the head and the base, while the rail
also had developed a split head

The longest seamy lamination developed at the time of the frac-
tule of the rail in the track was 63 inches 1n length, which occasioned
a crescent-shaped base fractuie, while the fissure of the split head was
a little less than 8 feet 1n length

F1¢ 2 —Dinlng car burning at foot of embanhment

It 15 believed that the mmitial rupture at the time of derailinent was
the crescent base fracture, notwithstanding the gieater length of the
fissure 1n the split head The rail necessarily was 1n a weakened
condition by reason of the presence of the spht head, but 1t had
undoubtedly been in that condition to some extent for a time pie-
ceding the accident The wreck, however, 1s believed to have been
precipitated at this particular time by the development of the base
hacture along the Imme of a laminated seam, which mmétial fracture
was 1immediately followed by o complete failure ab the head, while
other lines of rupture followed 1n 1ap1d succession The openming 1n
the rail eventually reached a length of 5 feet 5 inches
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A series of photographs was talken of the fragments of the rail,
showing the lines of rupture, viewing the rail in elevation from the
gauge side, from the top and fiom the bottom in plan and certain
end views The fragments were so placed that the right sides of the
photographic prints or groups represent the east ends of the frag-
ments

Figure 8 shows fragments Nos 2 to 11, mnclusive, as they weie
marked for identification No 1 was a shoit plece cuf off at St
Paul, into which the fissure of the sphit head extended, but which
1t v as not necessary to represent in a photograph

Figme 4 shows the balance of the fragments included within
the 5 foot 5 mch section The direction of the moiement of tram
No 38 was from night to left over the 1a1l, as photographed The
hnes of rupture at the westerly end of piece No 2 and the easteily
end of piece No 18 represent the limibs between which the tiack
Iractures were developed The fissme of the split head extended
from a place near the easterly end of piece No 1, along the length
of the rail into fragment No 11, an open fisswie nearly 8 feet long,
while upon etching fragment No 12 the spht seemed to be present
1n that fragment, but could be traced no farther

Conceining the order of events, as they are belteved to Lave oc-
curred during the brief interval of tune 1n which these sesveial fiag-
ments were detached, evidence fixes the inifral line of ruptme at a
base fractuie between the flange fragments marlked 8 and 8a IFiag-
ment 8a 15 abreast that marked 8 and Iocated on the outside of the base
of therall  Belween these two fiagments there was found a longitudi-
nal streak or laminated seam 6} inches 1n length and having a depth
of about 01 inch This line of 1upture appeared to have preceded
all others 1 respect to time of development Tt was followed by the
fractuie of the web and head between fragments 6 and 7 and that
of 9 The fracture at this place extended in an upward dnection
fiom the base through the web and head The diverging hnes of
the fractured surface furmish this indication, while the metal at the
running surface of the head between fragments 6 and 9 flaked off
that part of the rail having been momentarily 1n a state of lona-
tudinal compression

The Ine of ruptule between fragments 9 and 10 took a downward
course, starting from the top of the head Iragment No 9 was
driven downward so suddenly as to cause blue-black heating on the
wedge-shaped surface of the web About the time this was happen-
ing fragments of the head, 3 and 3a, were detached from the web
The fissme of the spht head had prior to this however, neaily
geparated fragments 3 and 3a, longitudinally The next fiagment
to be detached appeared to be No 6 which was easily knocked off
its web by a comparatively hight wheel blow then followed 7,4 and 5



I'ic 3 —Frogments of broken rail, vlewed fiom pauge side
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In a westerly direction fiom the mitial line of 1upture, the seveial
fragments were apparently detached in substantially the order in
which they weie encountered by the motement of the tramn one aftex
another mn succession being broken off until No 18 was reached The
recerving end of this piece was bent downward about an inch below

the irack level
TFigures 5, 6, and 7 show the runmng suiface of the rail The

usnal dark band along the middle of the head, indicative of a
split head, was visible for the greater part of the length which was
fissuied There was a measurable increase 1n the width of the head
over a considerable part of the length of the fissure No fuither
remarks need be made concerning the appearance of the runnng
surface since the familiarty of track imspectors with such examples
15 very complete ‘The flaked surface of the head immedialely on
each side of the fracture between fragments 6 and 9 will be noted
cn fipure 6 The receiving ends of all other fragments were battered
by the blows of the wheels as they were 1n succession detached fiom
the main part of the rail, excepting the halies of the sphit head Nos
3 and 3a, that were forced off the web

Figure 8 shows the hine of rupture between fragments 8 and 8a
of the base 1egaided as the imitial line of rupture of the 1ail at
the time of the wreck Evidence concerming this feature of the
case seems complete and consistent throughout Theire were other
secondary flange fractures, which also followed seams in the steel,
the same as the itial lhine of rupture IFigure 9 shows the ap-
pearance of the fractured surface of flange 8 and two other similai
fiactures In different parts of the length of the rail there weie
five such flange breals, two being located n the intact ends of the
tail on either side of the part destroyed at the time of the aceident

It 1s characteristic of these crescent-shaped flange breaks that
there 1s httle or practically no display of eatension prior to rupture
of the steel across the lJaminations Rails may and do display ample
extenston when the metal 15 strained 1n the direction of the length of
the 1a1l, that 1s parallel to the lengths of the laminations, but 1n a
crosswise direction they fracture with great brittleness, when, for
example, the flanges are bent crosswise

So fa1 as known, there 1s no material dafterence between the strealks
ind luminated seams of the head and those of the base, excluding
those of the base which chance to have their origin 1n laps during
1olling  Wherever there 1s a lack of structural continuity in the
steel brittleness may prevail when the steel 18 overstraimed at 11ght
angles to that discontinuity Overstraming more readily ocemis 1n
the base or in the flanges of the base than in the head of the rail
that 1s, the stresses mav mote readily reach the necessary maximmm
1n the hase Tor this reason probably flange breaks are mote numer-
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and not from any substantial difference in the

relative degree of Jamination of the steel 1n those two parts o

ous than spht heads,

G PUE D SON EI0MIaQ UO DIFBY [T)HW DIN[A PUD ‘gL DUU § sON
symemdeay I0 SpU) FATADIL PAIRYIRG “WIMONY EjOow@wey Jo uerjtod SppIIy (0] WOTY pOMDIY [TLT UMNO] Jo SIUdWNT T -- 9

a0

q oN justidwvay
JOo pus SulAtenol parsljuq Juimoys EjuewmSwIy Jo mopjzoed LrIejsed  d0j WOIX PAMATA ‘[T U8N0Iq JO SHAWTRLI— ¢ DI

o overstraming 1s quite different i

, and 1t may be interred fiom the example ot

accomplishin
ase

The manne1 ot

ral

the head than in the b



15

this rail that, 1elativelv defects in
the base n1e of o more grave charace-
ter and lead 1o more rail fractures
than defects which aie 1n the head

The fissme 1 the <phit head of
the present 1ail i1eached a length
of nealy 8 feef, and during the
pertod of its development doubtless
many tiamns passed over the 1ail,
wheieas the bave fiactuie was of
a less progressive character and
not unhlelv was whollv developed
by the wiccked fiun Lammnated
seams dle regardod as a4 common
cause for manv of the bhase fiactures
and for many of the split heads

Figute [0 shows emd views
of seseral fiasments, 1llustiabing
the size attained by the fissure ot
the «pht Tlead  Such a fissme
coulidd mnot reasonably have been
tormed hy the passage of a few
trams bul was one of progressive
development and sice 1ts meip-
eut stage had been m existence
for a considerable length of time
It 15 less disquieting than eertain
other fractures, anv of which may
[ead to ultimale disaster, m that
th admits of being discoveted 1
the tiack n tune to avert an acet-
dent  nevertheless 1t 15 undesitable,
as all defects are which may caunse
mjurv and loss of hife

Figme 11 shows the lwo frag-
ment- of the head, one on either <ide
of the fi~sure which constituted the
sphit. - These neces were each about
181 mches long  Winle the evi-
dence presented i the fragments
was not sufficient to defumtely estah-
lish the place along the length of
the 1a1l where the fissure 1n the
head had 1ts or12mn, still theie was

43375—12——3

Showing bnttered 1eceiving ends of each flagment

Waesterly portion of fiagments

vliwed fiom top

It 7 —TIMingments of biokin 1a1l




Belleved to have been the initial line of rupture ot time of wreck

Fic 8 —Base fracture of ral between finnges 8 and 8o

asuggestion that the
place was Jocaled
near the westerly
end of these frag-
ments and extended
i each duection
therefrom There
was no evidence of
slag along the line
of the ficsuie, that
15, no more than
that which may
have Dbeen present
m  the laminated
streaks  No slag
pocket o1 1nclusion
of size was present

If the fissure had
its ongm  at  the
place suggesled, then
1t oceuired 1n the
mmmediate ety
of metal high
carbon content com-
pared  with other
parts of the ra1l
Analvysis chowed the
carbon to be 073
per cent 1n the lowel
patt of the center
of the head. agamst
053 per cent nem
the 1unming surface
There was also seg-
regation of phos-
photus and sulphui
in the wvicinity
The segiegated met-
al was found near
the junction of the
head with the web

It does not. follow
that the provimate
cause of the split
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head was segregation,
but 1t may have been
the combination of
high carbon steel at
the center of the head
with laminated <eams
interposed between that
and a medinm carbon
steel at the runmng
smface Such a com-
bimation seems ade-
quate to 1induce the
tormation of a longi-
tudinal fissure, which
would constitute =a
spht head when ex-
tended and Jdeveloped
This 15 a statement of
the case why the lam-
1nated state ot the met-
al 15 1egaided as a
common cause for cer-
tain of the fissures of
this tvpe, and fo1 cei-
tain of the crescent-
shaped base fractures

The combination 15
tegarded as an  un-
favorable one, smce a
cgam 1n hard steel 1s
a greater menace than
one 1 soft, doetile
metal

And fmther, the soft
surface metal of the
11, 1eadily 1espond-
mg to the cold 10lling
action ot the wheel
Pressiles, Intioduces
mternal strains whiceh,
talen together with the
darect wheel loads, mav
cause excessive lateial
stress 1 the head of

17

Each fractureq surface displayed one or more lammated seams

appeirance of fiactured surface of flange 8§ and two others
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therail The seat
stiength  of the
head against ¢10ss-
wise stiesses gen-
eially prevents the
foimation of hs-
sures which would
occasion oplit
leads, otherwise
theun more common
occirrence  would
he expected

It has been
shown on eaile:
oecasions that in-
teinal stramms of
g1eat tntensity
mav be mitodnced
I steel by means
of cold 10lling m
hammermg An
experiment of this
kind was 1epeated
on the metal from
the head of the
present rail
Stiaing of tension
were introduced by
means of a «mall
hhand hammer
teaching an nten-
sity of 23,000
pounds per square
mch  The smface
metal, which was
chstmbed by the
hammer blows,was
put mto a state of
mtlal compression
suflictent to stian
the metal in other
paits of the Dar,
mn tension 1 the
amount above men-
11oned

Fis 11 —S8howing two paits of split head fingments 3 and la, behieved to have been defached From 1ail next succeeding the bosc fraeture, betw een

flanges mathed & 1nd S
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The cold flow of the metal at the runmng surface of a rail 15
witnessed 1 the fin which fiequently forms on the outade of the
head Tnecipient longitudinal ciaclks have been found in the heads
of 1a1ls, and those mcipient cracks have been on the lines of streaks
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' 12 —Cross section of 1911 pleee mal ed No 1 bevond hinals of sphit howl  Lamnnted
seams af plices mathed @ b ¢, d, ¢ and f,1evealed by bonding 1 thim scction of (he 1l
Igure 12 1epresents a polished and etched cross sechion of the

rail Just beyond the end of the fissiie of the sphit head .\ thin <ee-

tion was laken and ruptured i <s places four in the head and two
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in the base, by transieise bending Each fiacture displayed a
lammated seam, one of which was attributed to the lateral cold flow
of the sm face metal of the head from the wheel pressures, the others

to the 1mitial structural condition of the steel

Figure 13 shows a eross section of the rail at the westerly end
of plece No 1, mm which the fissure of the spht head appears
Cmbon determinations were made from chips taken at the places

=

Frec 13 —Cioss section of rall, piece marled Yo 1, showing fissmie of the spht head
IMtgures on 1llustration show percentage of carbon found at different palts of the head

web and base
mdicated on the figuie It will be noted that the range in carbon
was from 043 per cent to 0 77 per cent the lower carbon metal being
found near the smiface of the 1a11 Subsequently other determina-
trons weire made, using chips taken nearer the top surface of the head
and the mimimum carbon content there found was 087 per cent

It 15 customary mm rurent specifications to accept a chemical
analysis from a test ingot as 1epresentative of the heat of steel but
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unless the heat 1epresents the rails there would seem to be no pm-

ticular advantage n having the analysis
The carhon determunation of 053 per cent reported on August 4,

1906, was apparently considered as representing the metal 1n the rails

F1e 14 —Base of rall, from piece marked No 1 rough polished and etched to show lgcatlon

of seams  Appearance before crossiwlse bending

dehivered at that time, but 1t certainly did not apply to the cross
seciion of this rail, which shows a range in carbon from 037 per
cent to 077 per cent Questions of decarburization as well as of
segregation are mvolved 1 a diseussion of this aspect of the case,
but results are quite meaningless which fail to indicate the composi-

I'i 15 —DBase of rall from plece marked No 1, showing brittle fractures developed along
llnes of seams by crosswise bending

tion of the rails regardless of the composition of the test mmgot It
seems 1mconsiderate to appeal to serwously refer io the composition
of the rail 1 which one part contams 100 per cent more carbon than

another part
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Further considermg the influence of lamellar streaks on the exten-
stion of the metal, specimens were prepaied trom hoth the base and
the head of the rail, and bending tests were made with them, 1illus-
trating the brittleness of the metal when subjected to crosswise

¢ 16 —DBase of rail, from piecce marked No 1 Brittle fractires completed, separating
base into three strips

stresses The results are of 1nterest, since crosswise stresses are held

to be directly accouniable for the flange breaks in the bases of rails
1n service ‘Tests should eertamly be made 1n the drrection m which
numerous fractures occur 1n order to demonstrate the useful proper-

"1, 17 —Basge of 1aa11, fiom plece marked No 1 Appearance of middle strip which fter
Laving, Dbeen detached Dy brittle crosswlise fracture diasplayed geod bending gqualliies

when bent in lengthwise direction of the rall

ties of the rail in the track Such tests should be made and not

ignored 1n any earnest effortl to secure sirncturally sound i1ails
Figures 14 to 17, inclusive, form a group ulustrating the re-

cult of bending a piece of this 1a1] m a crosswise direction In
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preparing this specimen the base
was planed off fromn the web side
to a thickness of one-fourth of an
mech It was then 1ough polished
and etched, to =how the location
of the strealts which appeared,
as shown by figure 14 at the
middle of the width of the piece
The specimen was then bent n a
crosswise direction, starting two
fractures, practically without the
display of anv extension of the
metal, as shown by figure 13

The fractures nere completed,
separating the base into three
stiips, shown by figure 16 Thus
it was shown that the metal
of the base was devoid of the
ability to display permanent ex-
tension without fiacture when
bent m this divection but the
result merely conformed with
experience 1n the track, wheie
brittle hase fractures of this class
are of common oceuirence

The mrddle stiip of the fiac-
tured base was next bent i a
lengthwise directron, with the
result shown by figure 17 It
bent thiough an angle of 180
degrees without rupture This
bend was made mn the direction
m which rails are currentlv tested
for acceptance When the metal
1¢ bent 1n a lengthwice direction
or parailel to the direction of the
longitudmal seams and Jamma-
tions, the presence of such seam:-
ness, which causes brittle crescent-
shaped base fractures mn the rails
in the track pasces undetected

A sunilar test was made with a
specimen from the head of the 121l
This was planed down from the
under side, to a thickness of thiee-
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Showing brittle fracture developed along Mine of seam by crosswlse bending
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116 18 —IIead of 1a1l, flom piece marked No 18
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eighths of an inch It was bent 1n a crosswise dizection, after having

been polished and etched to locate the streaks

Fracture occuited

Appearnance of st1ips which after having been detached by brittle closswise floctuie

displaycd food bebding quilities when bent In lengibwise dnection of the 1a1l

1Iead of 1 ul, fiomn plece marked No 18

I'g 19

along the line of a streak, 1n a brittle manner
appearance of the specimen after fracture

Figure 18 snows the
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The two stiips were subsequently bent in a lengthwise duection
with the result shown by figure 19 The upper strip of the figuie
was bent with the runming surface of the head on the tension side

of the bend the lower stitp with the runmng surface on the com-
presston side

The fissure of the split head terminated at a place neai the end of
the piece which was marked No 1, for identificatron A shoit sec-
tion of the head was cut off wheie the fissure ended Two views of
this sectton are shown by figure 20, an end view and an interior
one after wedgmg off the outside portion of the head The fissure

JFerineable
Streak

b1G 20 —Head of 1a11 at end of fissure of sphit head Showing suiface of Assuic with
permeable aciculal stieali and eteled end yrew

0 1ts course had deflected, leaving the center line of the head and
approaching the outside edge

Tincture of 10dine had been used on the section, which darkened
the sa1face of the fissure 1t also darkened an actcular streak, which
seems to 1ndicate that a permeable streak had eaisted in the head
since rollng or had been made permeable 1n the track In either case
1t furnishes an additional example of defective metal 1n the head

The appealance of two additional etched swifaces 15 shown by
figure 21 The<e surfaces i1epresent the metal within 1% nches
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from either end of the full length 33-foot raill The section on the
left displays a crack penetrating the inside flange from the upper

Showlnp uiach in fian.e enteling from upper side, which storted at

a senm in the steel

Lutehicd cross scctions, near opposite ends of rail

21

LG

surface This erack had 1ts origin at the extreme end of the rail and
started at a well-defined seam 1n the metal 1n the fillet at the junc-
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won of the web and base Ti would seem that the rail had been used
with splice bars of the Wolhaupter type and that the fracture of
the flange from the upper side had been occasioned by a strain of
tension at the fillet The selective character of the stress in locating
an 1nciplent f1acture at a seamy streak will be noted

Stiealts and lamellar seams are known to be frequent occutrences
and are recogmzed as detrimental to the integrity of the rails It 1s
umportant to review the question of their origin It seems consonant

Fie 22 —Ctehed cross section of a rail, rolled from an ingot which was laid on 1ts side to
cool, hend side of rail up Reproduced cut from eailier rail tests

with evidence acquired to attribute a considerable pait of the re-
sponsibility for the presence of such stieaks and seaminess in the
finished rails to the condition of the metal in the ingot A series of
lustrations on this feature could be furmished, following the metal
through the successive passes of the mll 1n the 1eduection of the ingot
to the finished 1a1l
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However, such 1illustrations have alieady been published in con-
gresstonal documents, which are accessible to all Next following,
however, two ents will be reproduced which show that a celtain degree
of control of the markings, which are brought out upon etching, can
be exercised by the handling of the ingot and one other cut will be

Fic 23 —LCtched cross section of a rail 1olled from an ingot which was lold on 1ts slde to
eocl web side of rall up  Reproduced cut from earlier 1ail tests

reproduced which shows the presence of markings near the periphery
of a section after an early pass through the rolls of the 1ail mull

The mgot fiom which the rail, shown by figure 22, was 10lled,
was laid upon 1ts side to cool after stripping. with the side up which
foimed the head of the finished rail, while the ingot from which the
section shown by figure 23 was rolled was laid down with the side up
which foumed the web of the raill The orientation of the marlungs
was accordingly modified as witnessed m the cuts
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Ifiguie 24 shows the section ot an open-hearth steel 1ail ingot
after the seventh roughing pass This section was taken near the
middle of the height of the ingot, or 52 per cent from the top The
markings are 1n kind not unlile those which are witnessed on the
cross sections of finished rails

Blowholes and slag inclusions found 1n 1ngots seem adequate to
account for the presence of certain streaks and laminations in the

Fi¢ 24 —[tched cross section of shape aftel the seventh roughing pass Open hearth iail
steel  Reproduced cut from earlier 1111 tests

subsequent shapes down to the finished raill The following table
states the number of blowholes and slag inclusions which were
counted on the surfaces of slices from different paits of an ngot
These figuires state the counts made upon one-quarter of the cross
section of the ingot, and should be multiplied by tour to represent
the probable total number on the full cross section
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Blowholes and slag wclustons wn thé suifaces of slices from one-quarter of
1a1l steel ingol

In surface of slice
Plsm{lce ——————| Max1
rom top mum
o I}s:;?ce af ingot AI;_{’J‘?E’Q AI[’[{’;{?‘ dinmetor
ﬂ:;ﬂ;’)“] number | number ]o.rbsl?g
L ofblow | of slag |FRIODUICS
holes | globules
Per cent
1 37 410
2 46 229 7 slag buttons
3 756 128 2 slag buttons
4 1014 78 3 slag buttons
5 133 66 3 slog buttons
[} 16 3 G0
7 192 Tl
[} 222 79 8 slag buttons
9 252 92 |
10 282 93 12 slag buttons
11 313 70 fi slag buttons
12 343 56 0 slag buttons
Inches
1 37 4 27 250 0285
14 401 20 206 0204
15 43 5 228 Q277
18 48 7 268 0249
7 49 8 263 0091
18 52 9 401 0161
| 19 56 1 455 0139
| 20 53 3 343 0156
1
! 21 62 5 449 0211
‘ 22 657 560 0146
23 69 0 741 0214
{ 24 722 1,085 (049
25 75 8 1,053 0280
! 26 78 & 088 0105
27 82 1 849 0209
j 28 85 4 1116 0248
29 83 7 1,648 0229
I 30 92 1 1,703

Slag buttons lodged on the lower surfaces of a number of the
blowholes The table gives the number which were found on the
quarter ingot slices The slag inclusions were 1n globular form and
lacated” nemx the edges of the 1ngot along the middle part of its
height In the lower slices the meclusions were found 1n the central
part of the ingot

Drop tests were made upon thiee pieces of the rail The details
of the tests were conducted 1n conformity with current specifications,
that 1s the distance between supports was 3 feet, weight of tup
2,000 pounds, and height of drop 17 feet The first piece, tested with
the head up, fractured on the first blow, displaying an elongation of
3 per cent and T per cent, respectively, for 2 consecutive inches, the
fractuie showing no mnterior defect, that 1s, the structural defects
known to exist 1n the rail were not revealed by the drop test, the
fracture being 1eported as having no mterior defect

The 1a1] thus fulfilled current specifications m respect to elonga-
tion of the metal and mterlor soundness
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In the two succeecing drop tests the elongation ranged from 3 per
cent to 5 per cent, the fiactuies as before revealing no interlor defect
There was a fourth test made on the full section, a transverse test
under statie conditions in the testing machine The distance between
suppoits was 5 feet This test permitted of the detetmination of the
elastic limit of the rail, an important factor in the strength of mate-
rials but not ascertained in the presctibed drop test The elastic
Iimit was 57,000 pounds per square inch The 1a1l was bent through
an angle of 30 degrees without r1upture, the base elongating 15 per
cent and 16 pe1 cent, respectively, for 2 consecutive inches

The difference 1n the display of elongation n the two kinds of
tests will be noted, as well as 1n the angle through which the 1a1l
was bent, which, 1n the drop test, was but a few degrees, agninst 30
in the testing machine

In order to determine whether the paiticular pieces of 1a1l which
fulfilled the requirements of the drop test 1n 1espect to extension and
sotindness were 1n 1eality free from laminated streaks and seaminess
tno of the fractured ends were subjected to crosswise bending of the
metal of the bases The 1esults showed the metal of these pieces
seamy as other parts of the rail had been found TLamellal bace
{ractures of these two pieces aie shown by figure 25, in which the
brittleness displayed by the steel will be noted

Pirominence 1s given the subject of laminated streaks in this repoit
since there can hardly be a reasonable doubt concerning the impottant
part which they play in causing rail fractures in service The gravity
of the case 1equires emphatic mention of this featue The subject 15
not a new one, but has 1n the past been placed before engineering and
technical socleties and associations having to do with specifications
Fiom + to 6 yeais have elapsed since 1t has been recogmized that
Iaminated streaks were prevalent in steel rails and a prolific cause of
fractures Nol less than 15 years have elapsed simce the presence of
streales in steel forgings has been a somce of anxiety

Congressional documents under date of 1908 and 1909 have dealt
nith tests and examination of steel rails along the lines of thus 1epoit
and these documents have been fuimshed 473 libraiies lccated 1n
different paits of the countiy, while copies of these decuments have
been available fo publie distribution

Tension tests weie made on the metal of the 1a1l taking ont speci-
mens 1n both longitudinal and transyverse directions

A longitndinal speciunen from fragment No 3a gave the following
1esults

Ihwvettelwnb____ . __ pounds pet square mch__ 54, 300
Tensile stiength - _______ . do____ 106 300
Ilougation m 3 inches____ ___________________ Per cent__ 17 3

Contraction of ntev______ . do.___ 29 0
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At the segregated part of the head the tensile strength rose to
124,000 pounds per square inch In a crosswise direction the metal
was brittle and displayed lamellar streaks in specimens, both from
the head and from the base The tensile stiength diopped to 83,600
pounds per square inch, with enly 2 per cent elongation and 2 per cent
contraction of area

It 18 impoitant to consider whether an 1mprovement in the strue-
tural condition of rail steel 1s attainable Such seems to be the case,
smce expertinental rollings have furnished 1a1ls which, so fa1 as could
be ascertained, were free from streaks A erifical examination and
test failed to reveal any strealks or laminations 1n the bases of those
1taals It 15 inferred from data at hand that the output of indi-
vidueal mills fluctuates, at times approaching nearer the desired state
of excellence than at other times It 15 believed to be metallurgically
teasible to produce better rail steel than has at times been offered and
accepted

In conclusion, 1t appeais that the immediate cause of the wreck ot
trtain No 3 was a defective rail

That two defects were present 1n the rail, laminated seams which
weakened the base and a split head

That the proximate cause of the fracture of the rail was the weak
ness of the flanges of the base by reason of laminated and strealy
metal

That laminated and streaky metal 1s present, without a reasonable
doubt, 1n many rails now 1n service

That such metal has been the direct cause of the fracture of many
ra1ls 1n the traclk for a term of years past

That 1t 15 metallurgically feasible to manufacture and furnish 1a1ls
less defective than have found their way mto the track

That such defective rails are a menace to safe travel

That specifications governing the acceptance of rails aie inade-
quately drawn to exclude from acceptance defective rails

That one of the most common types of rail fractures 1s not guarded
against by current specifications, referring to the base fractures of
the crescent-shaped type

That the defects, 1n part, have their ortgin 1n the metal while 1n the
state of the imngot

That stieaked and laminated metal 1n both the head and the base 1s
probably a common cause for certain of the spht heads and gen-
erally the cause for the flange bieaks of the base, the magnitude of
the wheel loads being understood as suflicient to apply the necessary
overstraining force

That the chemical analysis of the usual test ingot does not fuinish
assurance of the chemical condition of the finished rail
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That the presence of interior defects of a serious character, which
have caused a great number of 1a1l fractures, 1s not 1evealed by the
drop test

It 15 believed that when seaminess and lamination of the me(zl shall
have been eliminated, a very impomtant advance will have been made
mn steel-rail manufacture TUntil that 1esult 15 assured one of the
vital features of the rail problem will 1emain unaccomplished As-
surance of the structural soundness of the ingot and subsequent
shapes down to the finished rail will be furnished when a careful and
crifical examination of the metal at the different stages shall have
been made TI{ 1s entirely inadequate for the puipose to make a
cursory examination of the ingot There 15 reason for beliesing that
disasters of the kind caused by the bieaking of the present rail will
be of less fiequent occurrence when structurally sound rails aie put

into service

Respectfully submttted
Jaxes & Howaro,

Engenee: -Physicest

AI_JDITIONAL COPIES of thls publlcation
may be procured Irom the SUPERINTEND-
ENT oF DofUMENTS, Government Printing
Office, Washington, D C at 10 cents per copv
a specinl rate for o number of copies furnlshed
on appllcation




