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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 Commission 

On Decembei 30, 1911, theie was a deiailment on the Gieat Noith­
em Railway near Sharon, N Dak This derailment caused the death 
of 2 passengers, 1 employee not on duty, and 2 dinmg-cai employees 
Injunes were received by 15 passengers the tiain conductor, news 
agent, and 1 poiter This accident was repoited by telegraph on the 
date of its occurrence, and after investigation I beg leave to SLibimt 

the following report 
Tiam No 3, known as "The Oregonian,' runs from St Paul 

Minn to Spokane, Wash This tram left St Paul at 10 45 p m 
on Decembei 29 and at the time of derailment consisted of one mail 
cai one baggage car, two coaches, one tourist sleeping cai, one dining 
car, one standard sleeping cai, and Great Northern business cai 
No A-25 This tram was hauled by engine No 1439 and was in 
charge of Conductor Crowder and Englneman Vogel It passed 
Finley N Dak the last station previous to the point of derailment 
at 9 18 a m Decembei 30, and had reached a point about 2 miles 
west of Finley when the accident occurred, a t about 9 23 a m The 
speed of the train at the time of derailment was estimated to be 
about 25 miles per hour 

The entire tram was derailed with the exception of the engine and 
tendei The mail car remained partly on the rails, while the bag­
gage cai was derailed and leaning to one side The tw o coaches 
tounst sleeping car, and dining car were resting on then sides at 
the bottom of a 20-foot fill The couplings held between the fhst 
three of the'-e cais while the dining car bioke loo'-e and was a few 
ieet awav from the tounst car The standard sleeping cai remained 
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rpnght .it the top of the embankment The foi vt aid tiucks of the 
business cai were detailed, the reai trucks remaining on the rails 
The touust and dining cars caught hie from the cooking tanges Gai­
ned bv them and weie totally destioyed, together -with the coach ne\t 
to the tourist car The destruction of the lemaming cais "was pie-
vented by the use of snow and hie extinguishes 

The accident occuned at the beginning of a 2° euive leading to 
the ught on an ascending grade of one-half pei cent Ajjpioachmg 
this t ime the tiack is straight foi tome distance It is laid iwth 
SVpoimd lails, 33 feet in length, double spiked on both sides Tam-
niack ties are used, with steel tie-plates About 20 ties aie used 
undei each lail with about 2 feet of giavel ballast 

The ueathei at the time of the accident was cold and stoimy the 
tenipeiature being 18° below ^ero, with a light snow falling and a 
strong wind 

This accident nas caused bv a bioken rail Anangements neie 
theiefoie made with the Buieau of Standards, Depaitment of Com 
meice and Laboi for the pmpose of having this rail examined and 
the causes of its failuie ascertained This examination w a s con­
ducted bj Mi James E Howaid engineer-physicist of the Buieau 
ot Standards, and the results of Ins examination, with accompam mg 
explanatory illustration^, aie attached to and made a pait of thi'-
lepoit 

The broken rail causing this accident was an 81-pound Bessemei 
-teel mil, made by the Illinois Steel Co South Woiks, heat Xo 6682^ 
1 his i.nl \t as lolled in 1906 and laid in the track on August 30 of that 
•\ eai After the accident the recen ing end vs as found to be intact foi 
a distance of 18 feet 7^ inches, while the leaving end was intact foi • 
distance of 8 feet 114 inches The rnteiveiling section 5 feet > mche« 
m length was bioken into many pieces 18 of •which ^eie leco^eied 
The entire iail w a s sent to the Bureau of Standaids foi examination 
and test 

Examination of this rail showed that although ihe head M a s ^piit 
toi a length of nearly 8 feet the initial inptuie at the time of deiail­
ment was the crescent base fracture between fiagments Xos 8 and 
Sa a s shown m figure 8 The rail was necessanlv in a weakened 
condition bv lea^on of the split head, but it had undoubtedly been m 
that condition, to some extent foi some time piecechng the time of 
the deiaihnent The accident is believed to ha\ e been piecipitated at 
this paiticulai time by the development of the ba=-e fiactuie abo\e 
mentioned Betn een fragments 8 and 8a -n as found a longitudinal 
stieak oi lanvnated seam, 6-] inches in length mth a depth of about 
0 1 inch This line of rupture appeals to haie pieceded all otheis 
vwth lespect to the time of development This initial fiactuie ^a -



followed by the fracture of the web and head between fragments 
Nos 6 and 7 and fragment No 9, show n in figure 3 Othei lines of 
liiptuie followed in succession The lines of rupture at the westeily 
end oi piece No 2, shown in figure 3, and the easteily, or recemng end 
of piece No IS shown ir figuie 4 represent the limits between which 
all the fiactuies in this rail were developed The fissuie in the head 
extended fiom a point near the easterly end of piece No 1 along the 
length of the lail into fragment No 11 Etching of fiagment No 12 
showed the split head, or fissure, to extend into that fragment, but it 
could be traced no farther Figures 5 and 6 clearly show the black 
line on the tunning suiface of the head of the rail, indicative of 
mtenoi defects 

Attention is called to that part of the report of Mr Howatd stating 
that it is chaiaclenstic of the ciescent-shaped flange bieaks shown 
m figuics 8 and 9, that there is practically no display of extension 
of the steel across the laminations Rails display ample extension 
when the metal is strained in the dnection of the length of the tail pai-
allel to the length of the lamination, but in a crosswise direction they 
show great brittlene^ W h e m et there is a Jack of structural continu­
ity ir the steel, buttlenes^ may prevail when it is overstrained at right 
angles to that lack of continuity Stiesses may moie readily reach the 
necessaty maximum in the base than in the head, probably accounting 
foi the fact that flange breaks ate moie numerous than split heads 
The mannei of accomplishing overstraining is quite diffeient in the 
head than in the base and from the examination of this lail it may be 
mteired that defects in the base are of a more grai e chaiactet lela-
tively and lead to moie rail fractures than defects located in the head 
of the rail The split head had been m this rail foi 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 repoit further shows that there was no slag along 
the line of the fissuie, or split head, and that its probable origin was 
at a point where the steel was much higher in catbon content than in 
other portions of the rail It also appears that there was a segrega­
tion of phosphorus and sulphur This split head was undoubtedly 
caused by the combination of high carbon steel at the centei of the 
head with laminated seams interposed between that and the medium 
catbon steel at the outside of the rail Aftei staiting the split head 
was gradually developed by many trains with then heaiy wheel 
loads until at the time of the failure it had leached the length of 
about 8 feet pienously mentioned Attention is al<-o called to figuie 
13 showing the caibon content of the steel at diffeient points i aivmg 
flom 0 37 per cent to 0 77 per cent The analysis of the test ingot 



showed 58 pei cent carbon This analysis is supposed to repieseiit 
the heat, but if the heat does not represent the rails produced there­
from, the analysis would seem to be of no particular value as it would 
be useless to refer to the composition of a rail as being of a certain 
per cent carbon when one part contains 100 per cent more carbon than 
anothei part 

Since Mr Howard's repoit shows that crosswise stresses are held to 
be directly accountable for flange breaks in the bases of rails in 
sei\ice, it is 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 in a crosswise dnection aie shown in figures 14 to 17, inclusive 
Figure 17 shows that when bent in the direction in which rails are 
usually tested satisfactory results can be obtained It thus appeais 
that there is practically no extension of the metal m a crosswise dnec­
tion, and that laminated and streaky metal, such as was responsible 
lor the failuie 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 m lespect to elongation and 
intenor soundness Two other drop tests were also made, neither 
of which revealed any interior defects The fragments tested were 
then subjected to crosswise bending, and it was found that laminated 
seams weie present The drop test, theiefoie in this instance failed 
to detect these interior defects 

Mi Howaid further calls attention to the fact that the subject of 
laminated streaks is not a new one that it has been dealt with ,n 
vanous congressional documents issued in 1908 and 1909, and that 
the presence of such stieaks and seams in the finished rail can be 
attributed to the condition of the metal m the ingot 

The examination of the broken rail causing this accident cleaily 
shows that its failure was due primanly to the presence of laminated 
seams thus weakening the base of the rail to such an extent that in 
all probability it was bioken by the engine di awing tram No 3 
These laminated seams are defects of manufactuie, and current speci­
fications, as well as tests made before acceptance, are not sufficient to 
insuie the discovery of Mich defects Cireful track inspection should 
have disclosed the fact that this lail was defective, in so far a1- the 
split head or fissure was concerned, as the dark <-tieak on the running 
smface of the head of the lail was very pronounced 

The numbei of rail failures which occur on the railways of the 
United States is constanth increasing On the Gieat Northern Bail-
way during the months of No^embei and December 1911, and Jan­
uary 1912, there were 2 700 rail failures Of this number 93G weie 
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defective One mteiestmg feature in this connection is the fact that 
of these 936 defective lails 605 were 90-pound rails made in the years 
190S 1909, 1910 and 1911 Of approximately 600 rails which failed 
on the Mmot dn lsion of this railway during 1910 and 1911, 80 pei 
cent were caused by fiactuies staitmg from seams in the bases of the 
rails while only 7 pei cent showed no signs of defects 

Piesent specifications and tests, in so far as the detection of longi­
tudinal seams is concerned, appeal to be inadequate In view of the 
fact that the existence of lails with defects of the character herein 
discussed has been lecognized foi several years it would seem to be 
time that some definite action be taken toward eliminating this to-nice 
of danger and securing stiuctuially sound rails 

Respectfully submitted 
H W Be^nap, 

Chief Inspector of Safety Appliances 
43^75—12 2 



R E P O R T OF T H E ENGINEER-PHYSICIST 

I have the honor to leport upon a steel rail received from the 
Great Northern Railway, which fiactmed in the track and appeared 
to have caused the derailment and wieck of train No 3 on the morn­
ing- of December 30, 1911, at a place near Sharon, N Dak 

This train left St Paul December 29 and was running m a w esteilv 
direction when upon apjjroachmg the easterly end of a 2° cune n 
nas m part deiailed, the north rail of the track fractured the de­
tailed cars leaving the track in a northerly direction, towaid the 
inside of the curve At the time of the accident, 9 23 a m , the tem-
peiatuie was about 18° F below zeio with a strong northwest wind 
blowing and a little snow in the an 

The tiam was. made up as follows Engine and tender No 1439 
mail car No 52, baggage car No 1668 smokei No 3512 fiist-class 
coach No 4314, tourist <=leeper No 6572 dining car No 7105 Pullman 
sleepei and business cai No A-25 

The engine, tendei and part of the mail car remained on the tiack 
and the iear trucks of the business car The other cars of the tiaip 
were derailed, four of which fell over on their sides at the foot of an 
embankment, and three of the fom, namely, the day coach tottiist 
sleeper and dining car, were destroyed by fire 

The casualties numbered—5 killed 4 of whom were in the dining 
car, and 18 injured 

The rail which fractured was of Bessemer steel made by the Illinois 
Steel Co weighing 85 pounds per yard heat No 66825 and branded 
"8509 Illinois Steel Co South Wire VIII-1906 " It was laid on 
tamarack ties 20 to the rail, with tie plates, the rails being 33 feet 
long 

The order under which the rails were bought called foi the follow-
mar chemical composition 

Per cent 
Caibou 
Pkobphtuus 
Silicon. 
Manganese 

0 48 to 0 50 
Not o\ei 0 10 
Xot oi ei 0 20 

0 SOtol 10 

(S) 
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The aveiage composition of rails inspected on August 4, 1906, the 
month in which the rail was laid, wis reported 

Per cent 
Carbon 0 S3 
Phosphorus OS0 
Silicon OSS 
Manganese - 93 

The dimensions of the rail were 
Inches 

Height , o 
Width of base 5 
Thickness of neb H 

An intermediate pait of the length of the rail was fractured at 
the time of the accident The easterly end remained intact for a 

Fio 1 —General view of wreek 

length of 18 feet 1\ inches, and the westerly end for a length of 8 feet 
1 1 ^ inches between which two parts a '-ection j feet j inches long 
was fractured From the ruptuied section there were 18 fiagments 
recoi ered 

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 
Bureau of Standards Subsequently the remaining parts of the rail 
weie shipped to the Bureau of Standards, the entire rail then becom­
ing available for examination and test 
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The scene at the derailment is shown by photographs, figures 1 and 

2, which were taken soon after the occurrence and while the cars were 
still burning 

The examination of the fragments of the rail and the intact poi-
tions showed that it was defective in two respects, the steel was 
laminated and stieaky in 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-
tuie of the rail in the track was inches m length, which occasioned 
a descent-shaped base fractuie, while the fissure of the split head w as 
a little less than 8 feet in length 

Fi<3 2 —Dining car burning at foot of embankment 
It is believed that the initial rupture at the time of deiailment was 

the ciescent base fracture, notwithstanding the gi eater length of the 
fissure in the split head The rail necessarily was in a weakened 
condition by reason of the presence of the split head, but it had 
undoubtedly been in that condition to some extent for a time pie-
ceding the accident The wreck, however, is believed to have been 
precipitated at this particular time by the development of the base 
fiactuie along the line of a laminated seam, which initial fracture 
was immediately followed by a complete failure at the head, while 
other lines of lupture followed in lapid succession The opening in 
the rail eventually reached a length of 5 feet 5 inches 
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A series of photographs was taken 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 3 shows fragments Nos 2 to 11, inclusive, as they weie 
marked for identification No 1 was a shoit piece cut off at St 
Paul, into which the fissure of the split head extended, but which 
it w as not necessaiy to represent in a photograph 

Figiue i shows the balance of the fragments included within 
the 5 foot 3 inch section The direction of the movement of train 
No 3 was from right to left over the lail, as photogriphed The 
lines of rupture at the westerly end of piece No 2 and the easteily 
end of piece No 18 represent the limits between which the tiack 
fractures were developed The fissuie 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 fissuie nearly 8 feet Ions:, 
while upon etching fragment No 12 the split seemed to be piesent 
in that fragment, but could be traced no farther 

Concerning the order of events, as they are belie\ed to Lave oc­
curred during the brief interval of time m which these seieial frag­
ments were detached, evidence fixes the initial line of ruptuie at a 
base fractuie between the flange fragments marked 8 and 8a Fiag-
ment 8a is abreast that marked 8 and located on the outside of the base 
of the rail Between these two fiagments there was found a longitudi­
nal streak or laminated seam inches in length and hai ing a depth 
of about 01 inch This line of lupture appeared to have preceded 
all others in respect to time of development It was followed b\ 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 lines of 
the fractured surface furnish 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 in a state of longi­
tudinal compression 

The line of ruptuie between fiagments 9 and 10 took a downwaid 
course, starting from the top of the head Fragment No 9 w as 
d m en 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 fissuie of the split head had prior to this ho\ve\er, neaily 
sepaiated 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 compaiatively light wheel blow then followed 7, 4 and 5 



FIG i—luatmcntE of broken rati viewed from csa\\,e side Vx.fcUi'5 iwUion of fiagnient*, 
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In a westerly direction fiom the initial line of luptuie, the seieial 
fragments were apparently detached in substantially the order in 
which they weie encountered by the movement of tho turn one aftei 
another in succession being broken off until No 18 was reached The 
leceivmg end of this piece was bent downward about an inch below 
the track lei el 

Figures 5, 6, and 7 show the running suiface of the rail The 
usual dark band along the middle of the head, indicative of a 
split head, was visible for the greater part of the length which was 
fissiued There was a measurable increase in the width of the head 
over a considerable part of the length of the fissure No fuithei 
lemarks need be made concerning the appearance of the runmnc 
suiface since the familiarity of track inspectors with such example^ 
is very complete The flaked surface of the head immediaLeh on 
each side of the fracture between fragments 6 and 9 will be noted 
on figure 6 I h e receiving ends of all other fragments were battered 
hi the blows of the wheels as they were in succession detached fiom 
the main pait of the rail, excepting the hah es of the split head Nos 
3 and 3a, that were forced off the web 

Figure 8 shows the line of rupture between fragments 8 and 8,i 
of the base legaided as the initial line of rupture of the lail at 
the time of the wreck Evidence concerning this feature of the 
case seems complete and consistent throughout Theie were othei 
secondary flange fractures, which also followed seams in the steel, 
the same as the initial line of rupture Figure 9 shows the ap­
peal anee of the fractured surface of flange 8 and twTo other similai 
fiactuies In different parts of the length of the rail there weie 
the such flange bieaks, two being located in the intact ends of the 
i ail on either side of the part destroyed at the time of the accident 

It is characteristic of these crescent-shaped flange breaks that 
theie is little or practically no display of extension prior to rupture 
of the steel across the laminations Rails may and do display ample 
extension when the metal is strained in the direction of the length of 
the mil , that is parallel to the lengths of the laminations, but in a 
ciosswise direction they fracture with great bnttleness, when, foi 
example, the flanges are bent crosswise 

So fai as known, there is no material difference between the streaks 
md laminated seams of the head and those of the base, excluding 
those of the base which chance to have their origin in laps during 
lolling Wherever there is a lack of structural continuity in the 
steel bnttleness may prevail when the steel is overstrained at light 
angles to that discontinuity Overstraining more readily occuis in 
the base or m the flanges of the base than in the head of the rail 
that is, the stresses mav moie readily reach the necessary maximum 
in the base For this leason probably flange breaks are moie numei-



lad Tlie mannei ot accomplishing oveistraming is quite diffeient in 
the head than in the base, and it may be interred fiom the example ot 
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this mil that, lelativelv defects in 
the base aie of a moie g ia \e charac­
ter and lead to moi e i ail fractures 
than defects winch aie in the head 

The fissuie m the '-plit head of 
the piesent lail leached a length 
of neaily 8 feet, and during the 
penod of its development doubtless 
many tiains passed over the lail, 
wheieas the ba'-e fiactuie was of 
a les-> piogiessive thaiactei and 
not unlikelv was wholly developed 
by the wrecked ti un Laminated 
seams aie legaidcd as a common 
cause foi manv of the base fiactuies 
and foi many of the split heads 

Figuie 10 shows end vien<; 
of several fiagments, lllustiatmg 
the size attained bv the fissuie ot 
(he split head Such a fissuie 
could not i easonably have been 
toimed by the passage of a few 
trains but was one of progiessive 
development and since its incipi­
ent stage had been in existence 
foi a consideiablc length of time 
It is less disquieting than ceitam 
othei fiactuie1-, anv of which may 
lead to ultimate disastei, in Lhat 
it admits of being discoieied m 
the hack in time to aveit an acci­
dent neveithele^s it is undesnable, 
as all defects aie which may cause 
in]in v and lo^s of life 

Figuie 11 shows the two frag­
ment- of the head, one on cif liei side 
of (he h-siuc which constituted the 
split These piec cs w oie ea< h about 
18 [ inches long While I he e\ i-
dence picsented in the fiagmenU 
was not sufficient to definitely estab­
lish the plate along the length of 
the lail wheie the fissuie in the 
head had its ongin, still theie was 

43375—12 3 



! A suggestion th.it t ho 
place was 1 oca Led 
near the westei ly 
end of these frag-

* ments and extended 
2 in each du fiction 
w therefrom There 
| was no evidence of 
J slag along the line 
t of the fi'-siue, that 
•2 is, no moie than 
£ that which may 
° have been present 
§ in the laminated 

i 3 streaks No slag 
3 pocket oi inclusion 
| of size was pie->ent 
§ If the fissuie lrid 
* its ongin at the 
| place suggested, then 
S it occiured in the 
| immediate vicinity 
| of metal high in 
™ carbon content corn-
5 pared with othei 
% paits of the rail 
<« Analysis showed the 
1 carbon to be 0 73 
H per cent in the low ei 
| pait of the centei 
| of the head, against 
t 0 53 per cent neai 
* the i unmng surface 
% There was also seg-
| regation of phos-
Sj phoms and sulpluu 
| m the vicinity 
1 The segiegated met-
o o al w as found neai 
2 the junction of the 

head with the web 
It does not follow 

that the pioximate 
cause of the split 

http://th.it
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head was segregation, 
but it may have been 
the combination of 
high carbon steel at 
the center of the head 
with laminated ceams 
interposed betw een that 
and a medium carbon 
steel at the running 
suiface Such a com­
bination seems ade­
quate to induce the 
formation of a longi­
tudinal fissure, which 
would constitute a 
split head when ex­
tended and developed 
This is a statement of 
the case why the lam­
ina ted state of the met­
al is legaided as a 
common cause foi cer­
tain of the fissures of 
this type, and foi cei-
tmn of the ciescent-
shaped base fiattuies. 

The combination is 
legaided as an un­
fa voi able one, since a 
ceam m haid steel is 
a greatei menace than 
one in soft, ductile 
metal 

And further, the soft 
surface metal of the 
1 ail, leadily respond­
ing to the cold lolling 
action of the wheel 
pressings, intioduces 
internal stiains which, 
taken together with the 
direct wheel loads, mav 
cause excessive lateral 
stress in the head of 
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the mil The gieat 
sticngth of the 
head against cioss-
wise stiesses gen-
eially pie\ents the 
foimation of hs-
smes which would 
o c c a s i o n s p l i t 
heads, otheiwise 
then moie common 
0(cunence would 
he expected 

I t has been 
shown on eaihei 
occasions that in­
ternal strains of 
g i e a t in tens i ty 
inav be intioducoid 
in steel by means 
of cold lolling 01 
hammenng An 
experiment of this 
kind was lepeated 
on the metal from 
the head of the 
p r e sen t r a i l 
Stiains of tension 
were introduced bv 
means of a •-mall 
hand hamin e 1 
leaching an inten­
si ty o f 2J ,000 
pounds pei square 
inch The sui face 
metal, which was 
dihtin bed by the 
hammei blowrs, w as 
put into a state of 
initial compression 
sufficient to stiain 
the metal in othei 
paits of the bai, 
in tension m the 
amount above men­
tioned 
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The cold How of the metal at the running suiface of a, rail is 

witnessed in the fin which frequently forms on the outride of the 
head Incipient longitudinal clacks have been found in the heads 
of lails, and those incipient ciacks have been on the lines of streaks 

P K 12—CIOSS S P C T I O N OF 1 ILL PLT.CE M I L L E D N O I U C I O N D HUNT's O I S P L I T LIT I D L A M U I N F E C L 

M E L I U S LIT | ) L I C ( S I I U U K E D a li t, (I, c A N D / , L E I E S I L U L H Y I I L I U I I I I , , I T H I N S E C T I O N OF I LIE 1 1 1 I 

Kiguio 12 icprc-ents a polished and etched unss section of Uie 
mil just beyond the end of the fi<-siue of tho split head A thin sec­
tion was taken and inptuied in sn places font in (lie head and two 

http://plt.ce
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in the bii=;e, b j transieise bending Each fiactuie displayed a 
laminated seam, one of which was attributed to the lateial cold flow 
of the suiface metal of the head from the wheel piessures, the others 
to the initial structural condition of the steel 

Figure 13 shows a cro=s section of the rail at the westerly end 
of piece No 1, in which the fissure of the split head appears 
Caibon determinations were made from chips taken at the places 

Fic 13—Cioss section of rail, piece marl rd \To 1, showing flssuie of the split head Figures on illustration show peicentage of carbon found at diderent paits of the held wth and base 
indicated on the figuie It will be noted that the range in carbon 
was fiom 0 43 per cent to 0 77 per cent the lower carbon metal being 
found near the suiface of the lail Subsequently othei determina­
tions weie made, using chips taken nearei the top surface of the head 
and the minimum carbon content there found was 0 37 per cent 

It is customary in nnrent specifications to accept a chemical 
analysis from a test ingot as lepiesentative of the heat of steel but 
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unless the heat lepresents the rails there would seem to be no par­
ticular advantage m having the analysis 

The caibon determination of 0 53 per cent reported on August 4, 
1906, was apparently considered as representing the metal in the rails 

F I G 14 —Ease ol rail, from piece marked No 1 rough polished and etched to show location of seams Appearance befoie crosswise bending 
delivered at that time, but it ceitainly did not apply to the cross 
section of this rail, which shows a range m carbon from 0 37 per 
cent to 0 77 per cent Questions of decarbui ization as well as of 
segregation are involved in a discussion of this aspect of the case, 
but results are quite meaningless which fail to indicate the composi-

I ' K . 15—Base of rail from piece marked No 1, showing brittle fractures developed along lines of seams by crosswise bending 
tion of the rails regardless of the composition of the test ingot It 
seems inconsiderate to appear to seriously refer to the composition 
of the rail in which one part contains 100 pel cent more carbon than 
another part 
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Further considering the influence of lamellai streaks on the exten­
sion of the metal, specimens were prepared from both the base and 
the head of the rail, and bending tests were made with them, illus­
trating the bnttleness of the metal when subjected to crosswise 

FIG 16—Base of rail, from piece marked No 1 Brittle fractures completed, separating base into three strips 
stresses The results are of interest, since crosswise stresses are held 
to be directly accountable for the flange breaks in the bases of rails 
in service Tests should certainly be made in the direction m which 
numerous fractures occur in order to demonstrate the useful proper-

Fit.- 17—Base of Iail, fiom piece marked No 1 ippparanee of middle strip which liter having been detiched by brittle crosswise fracture displayed good bending qualities when bent In lengthwise direction of the rail 
ties of the rail in the track Such tests should be made and not 
ignored m any earnest effoit to secuie structurally sound lails 

Figures 14 to 17, inclusive, form a gioup illustrating the re­
sult of bending a piece of this IM.I] in a ciosswise direction In 
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pie paring this specimen the base 
was planed off from the web side 
to a thickness of one-fourth of an 
inch It was then lough polished 
and etched, to «how the location 
of the streaks which appealed, 
as shown by figure 14 at the 
middle of the width of the piece 
The specimen was then bent in a 
ciosswise direction, starting two 
fractures, practically without the 
display of anv extension of the 
metal, as shown by figure IT 

The fractures w ere completed, 
separating the base into three 
stups, 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 in this direction but the 
result merely conformed w ith 
experience in the track, wheie 
brittle base fractures of this class 
aie of common occurrence 

The middle stup of the fiac-
nired base was next bent m a 
lengthwise direction, with the 
result shown by figure IT It 
bent thiough an angle of ISO 
degrees without mpture This 
bend was made in the direction 
m which rails are currently tested 
for acceptance When the metal 
is bent in a lengthwise direction 
or parallel to the direction of the 
longitudinal seams and lamina­
tions, the presence of such seami-
ness, which causes brittle crescent-
shaped base fractuies m the rails 
m the track pas^s undetected 

A similar test was made w ith. a 
specimen from the head of the l ail 
This was planed clow n from the 
undei side, to a thickness of thiee-
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eighths of an inch It was bent in a crosswise dnection, aftei having 
been polished and etched to locate the streaks Fracture occuiied 

along the line of a streak, in a brittle manner Figure 18 snows the 
appearance of the specimen after fracture 
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iiG 20—Heat] of iail at end of Assure of split head Showing suifnee ot H S S I U L flitli permeable aeiciilai sfieak ind etclied end M O W 

m its coui*e had deflected, leaving the center line of the head and 
approaching the outside edge 

Tincture of iodine had been used on the section, which darkened 
the suiface of the fissure It also darkened an aciculai streak, which 
seems to indicate that a permeable streak had existed in the head 
since rolling or had been made permeable in the track In eithei case 
it furnishes an additional example of defective metal in the head 

The appeal ance of two additional etched suifaces is shown bv 
figure 21 Thc-e surfaces lepresent the metal within If inches 

The two strips weie subsequently bent in a lengthwise dnection 
with the result shown by figure 19 The upper strip of the figuie 
was bent with the running surface of the head on the tension side 
of the bend the lower stup with the running surface on the com-
ijression side 

The fissure of the split head terminated at a place neai the end of 
the piece which was marked No 1, for identification A shoit sec­
tion of the head was cut off wheie the fissure ended Two views of 
this section are shown by figure 20, an end view and an mtenor 
one after wedging off the outside portion of the head The fissure 
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from either end of the full length 33-foot rail The section on the 
left displays a crack penetrating the inside flange from the upper 

surface This crack had its origin at the extreme end of the rail and 
started at a well-defined seam in the metal in the fillet at the ]unc-
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hon of the web and base It 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 chaiacter of the stress in locating 
an incipient fiacture at a seamy streak will be noted 

Stieaks and lamellar seams are known to be frequent occuirences 
and are recognized as detrimental to the integrity of the rails It is 
important to review the question of their origin It seems consonant 

F I G 22 —Etched cio&s section of a rail, rolled from an ingot t*hich was Jaid on its side to cool, head side of rail up Reproduced cut from eailiei rail tests 
with evidence acquired to attribute a considerable pait of the re­
sponsibility for the presence of such stieaks and seammess in the 
finished rails to the condition of the metal in the ingot A series of 
illustrations on this feature could be furnished, following the metal 
through the successive passes of the mill in the 1 eduction of the ingot 
to the finished lail 
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However, such illustrations have alieady been published in con­
gressional documents, which are accessible to all Next following, 
however, two cuts will be reproduced which show that a ceitain degree 
of control of the markings, which are biought out upon etching, can 
be exeicised by the handling of the ingot and one other cut will be 

F I G 23—Etched eioss section of a rail lolled from an Ingot which was laid on its side to cool web side of rail up fleproduced cut from earlier lail tests 
repioduced which shows the presence of markings near the periphery 
of a section aftei an early pass through the rolls of the rail mill 

The ingot fiom which the rail, shown by figure 22, was lolled, 
was laid upon its side to cool after stripping, with the side up which 
foimed the head of the finished rail, while the ingot from which the 
section show n by figure 23 was rolled was laid down with the side up 
which foimed the web of the rail The onentation of the markings 
w as accordingly modified as witnessed m the cuts 
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Fignie 2-t shows, the section ot an open-hearth steel lail 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 in kind not unlike those which are witnessed on the 
cross sections of finished rails 

Blowholes and slag inclusions found in ingots seem adequate to 
account for the presence of certain streaks and laminations m the 

F I G 24—Etched cross section ot shape aftei tliese\enth roughing pasfi Open health mil steel Reproduced cut from earlier i ill tests 
subsequent shapes down to the finished rail The following table 
states the number of blowholes and slag inclusions which were 
counted on the surfaces of slices from diffeient paits of an ingot 
These figures state the counts made upon one-quaitei of the cioss 
section of the ingot, and should be multiplied by toui to lepieseiU 
the probable total number on the full cross section 
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Hloiuholc', and <tlag inclusions m the su-ifaces of slices fiom one-quuilu of FT 
i ail steel ingot 

N O 
OF SLICE 

D I S T A N C E 
TROM TON 
OF INGOT 
( B I V D ! 

U M E ) 

Per cent 
1 3 7 
2 4 6 
3 7 5 
4 10 4 

13 3 

E 16 3 
7 18 2 
8 2 2 2 
9 2 5 2 

TO 2 8 2 

1 1 31 3 
1 2 3 4 3 

1 1 3 7 4 
H 4 0 1 
1 5 43 5 

1 6 46 7 
17 4 9 6 
1 8 52 9 
1 9 5 6 1 

20 5 9 3 

2 1 6 2 5 
2 2 65 T 
23 6 9 0 
2 4 7 2 2 
2 5 75 5 

2 6 7 8 8 
2 7 8 2 I 
2 8 8 5 4 
2 0 S 3 7 
3 0 9 2 1 

I N SURFACE OF SLICE 

A P P T O X L A P P R O X I 
M A T E M A T E 

N U M B E R N U M H E R 
OF BLOV. OF SLAG 

HOLES GLOBULES 

4 1 0 
2 2 9 
1 2 8 

7 8 

60 
7 1 
7 9 
9 2 
9 3 

7 0 
5 6 

2 7 
2 0 

M A M 
M U M 

D T A M E U R 
D/SLAG 

GLOBULES 

7 SLAG BUTTONS 
2 SLAG BUTTONS 
3 SLAG BUTTONS 
3 SLAG BUTTONS 

5 SLAG BUTTONS 

1 2 SLAG BUTTON 1 ! 

6 SLAG BUTTONS 

Inches 
250 0 2 8 5 
206 0 2 0 4 
229 0 2 7 7 

2 6 8 0 2 4 9 
263 0 0 9 1 
401 0 1 6 1 
3 5 5 0130 
343 0158 

4 4 9 0 2 U 
560 0 1 4 0 
741 0 2 1 4 

1 ,085 0 0 8 9 
1 ,053 0 2 8 0 

0 6 8 OLOO 
8 0 9 0 2 M 

1 116 0 2 4 8 
1 ,648 0229 
1 ,703 

Slag buttons lodged on the lower surfaces of a number of the 
blowholes The table gives the number which weie found on the 
quarter ingot slices The slag inclusions were m globular form and 
located" neai the edges of the ingot along the middle part of its 
height In the lower slices the inclusions were found in the central 
part of the ingot 

Drop tests weie made upon thiee pieces of the rail The details 
of the tests were conducted in conformity with, current specifications, 
that is 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 
5 per cent and 7 per cent, respectively, foi 2 consecutive inches, the 
fractuie showing no interior defect, that is, the structural defects 
known to exist m the rail were not revealed by the drop test, the 
fracture being reported as having no interior defect 

The iail thus fulfilled current specifications m respect to elonga­
tion of the metal and mtenor soundness 
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In the two succeeding drop tests the elongation ranged from 3 per 
cent to 5 per cent, the fiactnies as before revealing no interior defect 
There was a fourth test made on the full section, a transverse test 
under static conditions in the testing machine The distance between 
suppoits was 5 feet This test permitted of the deteimination of the 
elastic limit of the rail, an important factor m the strength of mate­
rials but not ascertained in the presciibed drop test The elastic 
limit was 57,000 pounds per squaie inch The lail was bent through 
an angle of 30 degrees without lupture, the base elongating 15 per 
cent and 16 pei cent, respectively, for 2 consecutive inches 

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

In ordei to deteimme whether the paiticular pieces of lail which 
fulfilled the requirements of the drop test in lespect to extension and 
soundness were in leality free from laminated streaks and seaminess 
two of the fractuied ends wTere subjected to crosswise bending of the 
metal of the bases The lesults showed the metal of these pieces 
seamy as othei parts of the lail had been found Lamellai ba ce 
iiactiues of these two pieces aie shown by figuie 25, in which the 
brittleness displayed by the steel will be noted 

Piominence is given the subject of laminated streaks in this lepoit 
since there can hardly be a reasonable doubt concerning the important 
part which the}' play in causing rail fractures in sen ice The gravity 
of the case lequires emphatic mention of this featuie The subject is 
not a new one, but has in the past been placed before engmeenng and 
technical societies and associations having to do with specifications 
Fiom 1 to 6 yeais have elapsed since it has been recognized that 
laminated streaks were prev alent in ^teel rails and a prolific cause of 
fracture1- Not less than 15 years have elapsed since the presence of 
stieaks in steel forgrngs has been a source of anxiety 

Congressional documents under date of 1908 and 190*-) have dealt 
uith tests and examination of steel rails along the lines of this lepoit 
and these documents have been furnished i T S libraries located in 
diffeient parts of the county, whrle copies of these documents have 
been a\ arlable for public distribution 

Tension tests weie made on the metal of the 1 ail taking out speci­
mens in both longitudinal and tiansverse directions 

A longitudinal specimen fiom fragment Xo 3a gave the following 
l esults 

El i^tic 1 inj11 pounds |iei squsiie mcll__ 54,500 
Tensile -sticiigtli do 106 oOO 
I longation in j Inches pei cent 17 i 
Contraction of t ie i do 21 0 
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A t the segregated part of the head the tensile strength rose to 
124,000 pounds per square inch In a crosswise direction the inetal 
was brittle and displayed lamellar streaks in specimens, both from 
the head and from the base The tensile stiength diopped to S3,600 
pounds per square inch, with only 2 per cent elongation and 2 pei cent 
(ontraction of area 

I t is impoitant to consider whether an improvement in the struc­
tural condition of rail steel is attainable Such seems to be the case, 
since experimental rollings have furnished lails which, so fai as could 
be ascertained, were free from streaks A critical examination and 
test failed to reveal any streaks or laminations in the bases of those 
lails It is inferred from data at hand that the output of mdi-
\idual mills fluctuates, at times approaching nearer the desired state 
of excellence than at other times It is believed to be metallurgically 
feasible to pioduce better rail steel than has at times been offered and 
accepted 

In conclusion, it appeals that the immediate cause of the wreck of 
tiain No 3 was a defective rail 

That two defects were present in 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 streakj 
metal 

That laminated and streaky metal is present, without a reasonable 
doubt, m many rails now in service 

That such metal has been the direct cause of the fracture of many 
lails m the track for a term of years past 

That it is metallurgically feasible to manufacture and furnish lails 
less defective than have found their way into 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 is not guarded 

against by current specifications, referring to the base fractures of 
the crescent-shaped type 

That the defects, in part, have their origin in the metal while in the 
state of the ingot 

That stieaked and laminated metal in both the head and the base is 
piobably a common cause for certain of the split heads and gen­
erally the cause for the flange bieaks of the base, the magnitude of 
the wheel loads being understood as sufficient to apply the necessary 
overstraining force 

That the chemical analysis of the usual test ingot does not furnish 
assurance of the chemical condition of the finished rail 

file:///idual
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That the presence of interior defects of a serious character, which 
have caused a great number of lail fractures, is not levealed by the 
drop test 

It is believed that when seaminess and lamination of the metal shall 
ha\e been eliminated, a very impoitant advance will have been made 
in steel-rail manufacture Until that lesult is assured one of the 
vital features of the rail problem will lemain 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 
critical examination of the metal at the different stages shall have 
been made It is entirely inadequate for the puipose to make a 
cursory examination of the ingot There is reason for belie\ ing that 
disasters of the kind caused by the bieaking of the present rail will 
be of less fiequent occurrence when structmally sound rails aie put 
into service 

Respectfully submitted 
J A M E S E H O W A R D , 

Enqineei -Physicist 
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