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

BEPOET OF THE CHIEF OF THE BTJEEATJ OF SAFETY COVEEINd 
THE INVESTIGATION OF AN ACCIDENT WHICH OCCTTEEED OH" 
THE CHESAPEAKE & OHIO EAILWAT NEAE HAEDWAEE, VA., 
ON JANTJAEY 7, 1919. 

F E B R U A R Y 21, 1920. 
To the Commission: 
On January 7, 1919, there was a derailment of a freight train on 

the Chesapeake & Ohio Railway near Hardware, Va., which re
sulted in the death of two emploj'ees After investigation as to the 
natuie and cause of this accident, I beg to submit the following 
report: 
The part of the Rivanna District of the Chesapeake & Ohio Rail

way on which this accident occurred is a single-track line, over which 
train movements are governed by time table, train orders, and a 
manual block signal system The accident occurred at a point about 
2,200 feet west of the west passing track switch at Hardware, ap
proaching which point from the west there is a tangent 840 feet in 
length followed by a 1° curve to the left, approximately 1,518 feet in 
length, the accident occurring on this curve 792 feet from its western 
end. The grade approaching the point of accident is slightly de
scending for eastbound trains The track in the vicinity of the point 
of accident was laid with 90-pound rails, 33 feet in length, on 18 ta 
20 ties to the rail. The rails are single spiked to the ties, no tie plates 
being used. The ballast consists of about 2 feet of crushed stone. As 
a whole the track was in fairly good condition, although at several 
joints the rails did not fit closely. 

The train involved in this accident was eastbound freight train first 
No 76, consisting of engine 480, 6 loaded coal cars, helper engine-
4518, 45 loaded cars and a caboose, in the order named, and was in 
charge of Conductor Boltz and Enginemen Taylor and O'Neil. This 
train left Gladstone, Va., at 5.10 p. m., 2 hours and 50 minutes late, and 
at 9.55 p. m., while running at a speed estimated at about 8 miles an 
hour, was derailed near Hardware, 47 miles east of Gladstone. 

1 6 8 8 8 9 — 2 0 1 
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The first car to leave the rails was the sixth car in the train, the one 
immediately ahead of the helper engine. This car turned over on its 
right side and fell down a 12-foot embankment. The helper engine 
turned over on its left side across the track with its head end down the 
embankment, while the cistern of the tender was torn from its frame 
and fell down the embankment. The car behind the helper engine 
remained upright but went partly down the embankment and the 
next car remained upright diagonally across the track. None of the 
other cars was derailed. About 100 feet of track was torn up by 
the derailment The two employees killed were Engineman O'Neil 
and Fireman Ritchie of the helper engine. 
Conductor Boltz stated that he had received orders to take the 

siding at Hardware in order to permit train second No. 76 to pass at 
that point and the speed of the train had been reduced to about 8 
miles an hour preparatory to taking the siding when the derailment 
occurred. In his examination of the track and equipment after the 
derailment he found a broken rail on the inside of the curve or on the 
north side of the track which he concluded was the cause of the acci
dent. He stated that he found no marks on either the rails or ties 
west of this broken rail and while his inspection of the equipment was 
not thorough he found no defect that might have led to the derailment. 
Engineman Taylor, in charge of the leading engine, stated that 

prior to the derailment the train had been drifting for a consider
able distance. He was ]ust in the act of making an application of 
the brakes for the purpose of further reducing the speed in order 
to permit the brakeman to get off and open the switch at the west 
end of the siding when he felt the brakes applied in emergency, 
causing the train to come to a sudden stop He estimated that at 
this time the speed of the train was about 8 miles an hour He also 
stated that he made no examination of the track or equipment sub
sequent to the derailment and was therefore unable to express an 
opinion as to its cause. 
Fireman Bagby and Head Brakeman Hughes, both of the leading 

engine, stated that they noticed no unusual motion of the engine at 
the time it passed over the rail that was afterwards found broken 
They estimated the speed of the train at the time of the derailment 
to have been about 10 miles an hour 
Track Walker Goff, who was temporarily in charge of the section 

on which the accident occurred, stated that he went over the por
tion of the track where the accident occurred at about 10.20 a. m. on 
the day of the accident and again at about 4 30 p m On both occa
sions he found the track to be in good condition 
Track Supervisor Staples stated that he arrived at the scene of 

the accident about four hours after its occurrence and found a 
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broken rail on the outside of the curve, which he considered to be 
the cause of the accident He stated that he found nine pieces of 
this rail, which comprised 27 feet of the rail, but was unable to 
locate the remaining portion. He stated that his examination of 
the rail showed a dark spot about the size of a half dollar at the 
first break and silvery spots at the other breaks He stated also 
that there were other rails broken by the accident, but was sure 
that this was the one that caused the accident. Track Supervisor 
Staples further stated that recently several broken rails had been 
found on his section which showed the same kind of defects as the 
one here involved. 
Assistant Superintendent Briant stated that he arrived at the 

scene of the accident about five hours after it occurred and found 
two pieces of a broken rail at the point where the wreckage began 
to pile up, this rail being on the south side of the track After day
light he made a further investigation and found six pieces of rail, 
all of which showed defects in the head of the rail In his opinion 
the breaking of this rail was the cause of the derailment 
The testimony was conflicting as to whether the broken rail which 

caused the derailment was on the north or south side of the track. 
The investigation disclosed, however, that the initial break occurred 
m a rail on the south side of the track, or the outside of the curve. 
The first break was about 14 inches from the receiving end. In all, 
nine pieces of this rail were recoveied, the total length of the nine 
pieces being about 26 feet 6 inches. The receiving ends of many of 
the fragments were battered by wheel flanges passing over them, 
and these battered fragments, coupled with the slightly curve-worn 
condition of the rail, indicated that this rail was the one which 
caused the accident and that its location was on the outside of the 
curve. 
• Acknowledgment is made of the cooperation of and cordial assist
ance rendered by the officials of the Illinois Steel Co., the Bethlehem 
Steel Co., the Chesapeake & Ohio Kailway, and the Chicago & 
North Western Railroad in the investigation of this rail and the 
development of the data included in the repoit. The work done 
by the steel companies, upon which explicit statements are based, was 
extensive. The work of Mr R. H. Christ, metallographist of the 
Bethlehem Steel Co., on the identification of the shattered metal in 
the rail heads is specially mentioned. In immediate association with 
Mr. G. M. Davidson, chemist and engineer of tests, Chicago & North 
Western Railroad, the engineer-physicist examined a large number 
of rails at the laboratory of the former, establishing and confirming 
many features of importance. 
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T h i s a c c i d e n t w a s c a u s e d b y a b r o k e n r a i l . T h e i n v e s t i g a t i o n t o 

d e t e r m i n e t h e r e a s o n f o r t h e f a i l u r e o f t h i s r a i l w a s c o n d u c t e d b y 

M r . J a m e s E . H o w a r d , e n g i n e e r - p h y s i c i s t , w h o s e r e p o r t i m m e d i 

a t e l y f o l l o w s : 

R E P O R T O F T H E E N G I N E E R - P H Y S I C I S T . 

T h e r a i l w h i c h f a i l e d , c a u s i n g t h e d e r a i l m e n t o f t r a i n N o . 7 6 , 

h a d b e e n i n s e r v i c e n i n e y e a r s a n d s e v e n m o n t h s . I t p r e s e n t e d e x 

t e r n a l l y a g o o d , s e r v i c e a b l e a p p e a r a n c e p r i o r t o i t s r u p t u r e . I n t e r 

n a l l y , s e v e n t r a n s v e r s e fissures w e r e d i s p l a y e d o n i t s b r o k e n e n d s . 

I t w a s a 9 0 - p o u n d r a i l , s e c t i o n A . R . A . - B . , b r a n d e d a s f o l l o w s : 

" B e t h l e h e m O p e n H e a r t h 9 0 C I I I I I 0 9 . " 

I t h a d t h e f o l l o w i n g c h e m i c a l c o m p o s i t i o n : C a r b o n , 0 . 8 6 0 ; m a n 

g a n e s e , 0 . 7 8 ; p h o s p h o r u s , 0 . 0 3 8 ; s u l p h u r , 0 . 0 3 0 ; s i l i c o n , 0 . 1 3 2 ; n i c k e l , 

0 . 0 7 ; c h r o m i u m , n o n e . 

F i g u r e 1 i s a d i a g r a m s h o w i n g t h e m a n n e r i n w h i c h t h e r a i l w a s 

b r o k e n . N i n e p r i n c i p a l f r a g m e n t s w e r e r e c o v e r e d , i n l e n g t h a g g r e 

g a t i n g 2 6 f e e t 6 i n c h e s . M i s s i n g p a r t s r e p r e s e n t e d 6 f e e t 6 i n c h e s 

i n l e n g t h . T h e t r a n s v e r s e fissures w e r e l o c a t e d i n d i f f e r e n t p a r t s o f 

t h e l e n g t h o f t h e r a i l , r a n g i n g i n d i a m e t e r f r o m I f i n c h e s t o 2 £ 

i n c h e s T h e l i n e o f r u p t u r e b e l i e v e d t o h a v e b e e n t h e i n i t i a l b r e a k 

w a s 1 4 i n c h e s f r o m t h e r e c e i v i n g e n d . A t t h i s p l a c e t h e r e w a s a 

t r a n s v e r s e fissure I f i n c h e s i n d i a m e t e r . T h e s e v e n t h a n d l a s t fis

s u r e i n t h e o r d e r o f t h e i r a l i g n m e n t w a s l o c a t e d 5 0 i n c h e s f r o m t h e 

l e a v i n g e n d o f t h e r a i l . T h i s fissure h a d a d i a m e t e r o f I f i n c h e s . 

T h e r a i l w a s b r o k e n a t f o u r o t h e r p l a c e s w h i c h d i d n o t s h o w f i s s u r e s . 

T h e s e t r a n s v e r s e fissures p r e s e n t e d t h e u s u a l a p p e a r a n c e o f s u c h 

f r a c t u r e s , e a c h a p r o g r e s s i v e o n e f r o m a w e l l - d e f i n e d n u c l e u s . T h e 

n u c l e i w e r e l o c a t e d a b o u t five-eighths i n c h b e l o w t h e r u n n i n g s u r f a c e 

a n d a l l w e r e o n t h e g a u g e s i d e o f t h e h e a d . 

I n t h e e x a m i n a t i o n o f t h i s r a i l i t w a s n o t c o n s i d e r e d n e c e s s a r y t o 

m a k e m e a s u r e m e n t s o n t h e s t a t e o f t h e i n t e r n a l s t r a i n w h i c h i t h a d 

a c q u i r e d i n t h e t r a c k a s a p r e c u r s o r t o o r c a u s e l e a d i n g t o i t s m a n n e r 

o f f a i l u r e . S t r a i n g a u g e m e a s u r e m e n t s o f t h i s k i n d h a v e b e e n m a d e 

i n e x t e n s o a n d t h e r e s u l t s p r e s e n t e d m r e p o r t s u p o n o t h e r r a i l s . T h e y 

h a v e e s t a b l i s h e d t h e d i s p o s i t i o n a n d m a g n i t u d e o f t h e i n t e r n a l s t r a i n s 

o f t e n s i o n a n d c o m p r e s s i o n , s t r a i n s w h i c h a r e p r e s e n t i n g r e a t e r o r 

l e s s e r d e g r e e i n a l l r a i l s w h i c h a r e i n s e r v i c e . 

T h e s u b j e c t o f s h a t t e r e d m e t a l a s a n i n f l u e n c e a f f e c t i n g t h e r e 

s i s t a n c e o f r a i l s a g a i n s t t h e f o r m a t i o n o f t r a n s v e r s e fissures i s g i v e n 

p r o m i n e n c e i n t h i s r e p o r t . T h e A l t o o n a l a b o r a t o r y o f t h e P e n n s y l 

v a n i a R a i l r o a d h a d t h e h o n o r o f b r i n g i n g t h i s m a t t e r t o g e n e r a l 
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notice on a recent occasion. It was found that the present rail dis
played a shattered zone in the center of the head, the same as those 
discovered in rails by the above-mentioned laboratory. 
Two distinct questions present themselves in considering the sub

ject of transverse fissures, to avoid confusion each of which should 
be taken separately. The first question is, why does the fracture have 
an interior origin ? The second question pertains to the endurance of 
different grades of steel. One has to do with a physical law affecting 
all steels; the other defines limiting stresses which vary in different 
grades of steel and are modified by structural state in the same grade. 
Necessarily the second question is the broader of the two, since it 
embraces a wide range in grades of steel and deals with conditions of 
service which affect the stresses in the steel. 
In answer to the first question it may be stated that the interior 

origin of a tiansverse fissure is primarily due to the intensity of the 
tensile stresses along those interior elements of the head of the rail 
on which the nuclei of the fissures are located The upper zone of the 
head of the rail is put into a high state of compression by the cold 
rolling action of the wheels, setting up a wedge action which extends 
along the entire top of the head The metal in the interior of the 
head affords the necessary reaction and is put into a state of tension. 
Longitudinal forces are referred to In a lateral direction less resist
ance is encountered and permanent increase in the width of the head 
may result. Under the combined action of the bending stresses in the 
track and the internal strains induced by the wheel pressures an 
interior fracture is developed. This is the explanation why there is 
such a type of fracture as a transverse fissure. Since it has an interior 
origin that fact accounts for its characteristic brittleness, regardless 
of inherent ability to display ductility under other methods of rup
ture The diagrams shown by figures 2, 3, and 4 illustrate features 
on which the above explanation is based. 

Composite Beam 

Upper zone in a state of initial compression 
Body ot beam in a neutral state 

F I G 2 — H y p o t h e t i c a l b e a m , t o i l l u s t r a t e I n f l u e n c e o f z o n e o f m e t a l u n d e r I n i t i a l c o m 

p r e s s i o n , i n d u c i n g f r a c t u r e s w i t h a n i n t e r i o r o r i g i n 

Figure 2 represents a hypothetical, composite beam. The upper 
zone is assumed to be in a state of longitudinal compression, while 
the main portion is in a neutral state. Rupture under repeated bend
ing stresses, if it occurred on that side of the beam, would take place 
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b e l o w t h e z o n e o f m e t a l w h i c h b y a n e x t e r n a l f o r c e i s k e p t i n a s t a t e 

o f c o m p r e s s i o n , a n d a n i n t e r i o r f r a c t u r e w o u l d b e f o r m e d . I f t h e 

z o n e o f c o m p r e s s i o n m e t a l w a s k e p t i n c o m p r e s s i o n b y t h e r e a c t i o n o f 

t h e m e t a l n e x t b e l o w , a s i n t h e c a s e o f a r a i l , t h a t r e a c t i o n w o u l d 

b e c o m e a n a u x i l i a r y f o r c e a s s i s t i n g i n t h e f r a c t u r e o f t h e b e a m . 

F I G 3 — C r o s s s e c t i o n o f r a i l s h o w i n g r e l a t i o n s o f i n t e r n a l s t r e s s e s i n h e a d s of r a n » 

w h i c h l e a d t o f r a c t u r e s w i t h i n t e r i o r o r i g i n s , 1 e , t r a n s v e r s e fissures 

F i g u r e 3 l e p r e s e n t s , i n o u t l i n e , t h e c r o s s s e c t i o n o f a r a i l , o n t h e 

h e a d o f w h i c h a r c t w o s h a d e d a r e a s r e p r e s e n t i n g t h e s t a t e o f i n 

t e r n a l s t r a i n s w h i c h h a v e b e e n f o u n d i n r a i l s t a k e n f r o m t h e t r a c k . 

A l o n g t h e u p p e r p a r t o f t h e h e a d s t r e s s e s c o r r e s p o n d i n g t o t h e 

m e a s u r e d s t r a i n s n o t i n f r e q u e n t l y e x c e e d 2 0 , 0 0 0 p o u n d s p e r s q u a r e 

i n c h I n t h e i n t o i i o r o f t h e h e a d t e n s i l e s t r e s s e s l a n g e f r o m 5 , 0 0 0 

t o 8 . 0 0 0 p o u n d s p e r s q u a r e i n c h . T h i s s t a t e o f t h e s t e e l i s d u e 

c h i e f l y t o t h e c o l d r o l l i n g a c t i o n o f t h e w h e e l s , a l i m i t e d p o r t i o n r e p 

r e s e n t i n g c o o l i n g s t r a i n s o f f a b r i c a t i o n . T h e a s s u m e d c o n d i t i o n s o f 

t h e h y p o t h e t i c a l b e a m a r e p r o d u c e d i n t h e r a i l h e a d , t e n d i n g t o 

c a u s e t h e r e s u l t t h e r e m e n t i o n e d . 

F i g u r e 4 i l l u s t r a t e s l i n e s o f r u p t u r e w h i c h w e r e d i s p l a y e d b y a 

1 0 0 - p o u n d r a i l i n s e r v i c e . A f r a g m e n t 1 i n c h l o n g w a s d e t a c h e d 

f r o m t h e h e a d , o n e a c h e n d o f w h i c h w a s l o c a t e d a t r a n s v e r s e fissure, 

o n e h a v i n g a d i a m e t e r o f 2 £ i n c h e s a n d t h e o t h e r I f i n c h e s . T h e 

w e d g e a c t i o n o f t h e s u r f a c e m e t a l w a s e s s e n t i a l t o c a u s e t h i s r e s u l t , 

w i t h o u t w h i c h i t w o u l d n o t a p p e a r f e a s i b l e t o a c c o m p l i s h . T h e r e 

w a s a l s o a h o r i z o n t a l s h e a r i n g f r a c t u r e b e t w e e n t h e s e t w o t r a n s v e r s e 

f i s s u r e s , l o c a t e d b y a s e a m i n t h e m e t a l F i g u r e s 4 a a n d 4 b s h o w t h e 

a p p e a r a n c e o f t h e t r a n s v e r s e fissures. 
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T h e d i a g r a m s a b o v e d e s c r i b e d i l l u s t r a t e , i n s u c c e s s i o n , t h e c a s e o f a 

h y p o t h e t i c a l b e a m t e n d i n g t o d i s p l a y a n i n t e r i o r f r a c t u r e , t h e i n 

t e r n a l s t r e s s e s w h i c h a r e a c q u i r e d b y r a i l s i n s e r v i c e h a v i n g t h e s a m e 

t e n d e n c y , a n d t h e a c t u a l r u p t u r e o f a r a i l , b e l i e v e d t o h a v e b e e n 

t h e r e s u l t o f s u c h i n t e r n a l s t r e s s e s . I n c i p i e n t t r a n s v e r s e fissures a i e 

f r e q u e n t l y f o u n d i n c l o s e p r o x i m i t y a n d h a v e a p p r o a c h e d w i t h i n a n 

i n c h a n d a n e i g h t h o f t h e e n d o f t h e r a i l . T h e p r e s e n c e o f c o m p r e s 

s i o n m e t a l i n t h e u p p e r p a r t o f t h e h e a d a c c o u n t s f o r s u c h c o n c e n t r a 

t i o n o f f i s s u r e s , w h i c h h a v e n o t b e e n a c c o u n t e d f o r o t h e r w i s e . 

F i g 4 — L i n e s o f r u p t u r e I n 1 0 0 - p o u n d r a i l , m a d e b y t i a n s v e r s e fissures, r e s u l t o f c o n d i 

t i o n s i l l u s t r a t e d b y f i g u r e s 2 a n d 3 

I t i s i m p o r t a n t t o c o n s i d e r w h e t h e r t h e r e a i e a n y m e a n s o f e s c a p e 

f r o m t h e t e n d e n c i e s w h i c h l e a d t o t h e f o r m a t i o n o f t r a n s v e r s e f i s 

s u r e s . I n r e s p e c t t o t h e c o l d - r o l l i n g a c t i o n o f t h e w h e e l s t h e r e a r e 

n o n e . T h e u t m o s t w h i c h m a y b e a c c o m p l i s h e d i s t o p r e s e r v e s u c h 

a r e l a t i o n b e t w e e n t h e a b i l i t y o f t h e s t e e l t o e n d u r e t h e s e u n a v o i d 

a b l e s t r a i n s a n d t h e s e r v i c e c o n d i t i o n s w h i c h a r e r e s p o n s i b l e f o r 

t h e m , t o t h e e n d t h a t t h e u l t i m a t e l i m i t o f e n d u r a n c e s h a l l n o t b e 

r e a c h e d w h i l e t h e r a i l i s i n t h e t r a c k . A s v a g u e a s t h e l a s t s e n t e n c e 

m a y s e e m , e f f o r t s t o a c q u i r e t h e n e c e s s a r y i n f o r m a t i o n f o r t h e p u r 

p o s e h a v e n o t b e e n e x h a u s t e d . T h a t s o u r c e o f i n f o r m a t i o n l i e s i n 

t h e a c c u r a t e a n d c o m p l e t e r e c o r d o f r a i l f a i l u r e s a n d t h e i r p r o p e r 

c o m p i l a t i o n . 
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Detail sheets of rail failures such as those which are now in use 
contain much of the necessary information and if supplemented 
with a statement of the nature of the traffic, speed, and number of 
trams per day, weight of motive power and rolling stock, wheel 
pressures, tonnage, single or double track, and grades, there would be 
promise of reaching practical results. 
Independent of the explanation why transverse fissures are 

formed, interest attaches to the consideration of track conditions 
which prevail where this type of fracture occurs, why transverse 
fissures make their appearance on some railroads or on certain divi
sions of some railroads while so far as known they are not prevalent 
in other places. In addition, interest attaches to a specific demon
stration of what chemical composition furnishes rails wTiich best 
endure service stresses against the formation of transverse fissures, 
also the influence of structural state of the steel, covering the query-
why certain rails display transverse fissures earlier than others, or 
display this type of fracture under conditions of service where other 
rails do not fail. Data upon these features are being acquired, tha 
late of which admits of being much accelerated by general coopera
tive effort on the part of the different railroad systems. 
There is no essential difference in the service conditions to which 

all rails are exposed, except in degree. But herein lies the critical 
difference upon which there is need of more information. The fail
ure of a rail per se conveys no useful information against its repeti
tion or prevention. Knowledge of the conditions under which it 
failed with an exact description of its manner of failure constitutes 
the useful data. There is a definite cause for the failure of every 
rail. When charged against a given year's rolling, against a certain 
mill, or against a great railway system there is little cause for sur
prise at the lack of progress in arresting rail failures. 
Cooperative work with certain of the railroads and steel mills has 

developed interesting data upon the subject of shattered zones in the 
metal of rails. The method used in revealing the presence of these 
short and minute cracks, which characterize the shattered zones, con
sisted of picklmg the rails in hot acid. Hydrochloric acid alone or 
with sulphuric acid added, diluted with a small quantity of water, 
has been used. 
The use of a hot acid solvent enlarges the cracks, promptly render

ing visible the presence and location of those which were of minute 
size. It is an expeditious method of ascertaining whether or not a 
shattered state of the metal exists, but from its energetic action soon 
destroys evidence connected with the genesis of the cracks. For in
vestigative purposes very light pickling should be employed, while 
other methods may be used to advantage. 

1 6 8 * 8 9 — 2 0 2 
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I n t h e p i c k l i n g o f p i e c e s t a k e n f r o m t h e r a i l s t h e r a t e o f s o l u b i l i t y 

w a s g r e a t e r e n d w i s e t h e p i e c e s t h a n i n c r o s s w i s e d i r e c t i o n , r e f e r r i n g 

t o t h e d i r e c t i o n t h e r a i l w a s r o l l e d . T h e e n d s p r e s e n t a p i t t e d a p 

p e a r a n c e ; t h e s i d e s a s t r i a t e d , s e a m y o r l a m i n a t e d a p p e a r a n c e , r e 

s e m b l i n g w o o d y f i b e r . T h e r a t e o f s o l u b i l i t y w a s i n c r e a s e d b y c o l d 

p e e n i n g t h o m e t a l . S u p e r f i c i a l l y , t h e a r e a o f t h e p e e n e d s u r f a c e w a s 

i n c r e a s e d , b u t p r o p o r t i o n a t e l y l e s s t h a n t h e i n c r e a s e i n t h e r a t e o f 

s o l u b i l i t y . T h e m e t a l a d j a c e n t t o t h e r u n n i n g s u r f a c e o f t h e h e a d 

o f a r a i l , o n e w h i c h s h o w e d l o c a l d i s t o r t i o n u n d e r t h e w h e e l p i e s -

s u r e s , w e n t i n t o s o l u t i o n f a s t e r t h a n o t h e r p a r t s o f t h e c r o s s s e c t i o n . 

T h e s e a r e i l l u s t r a t i o n s o f v a r i a t i o n s i n t h e l a t e o f s o l u b i l i t y as i n f l u 

e n c e d b y t h e d i r e c t i o n i n w h i c h t h e s t e e l w a s h o t r o l l e d a n d b y t h e 

• c o l d w o r k i n g w h i c h i t h a d r e c e i v e d 

R e s p e c t i n g t h e l e l a t i v e r a t e o f s o l u b i l i t y o f s t e e l u n d e r t e n s i l e o r 

c o m p r e s s i v e s t r e s s e s , o r p e r t a i n i n g t o i t s m i c i o c o n s t i t u e n t s , t h e o b 

s e r v a t i o n s w e r e n o t c a r r i e d f a r e n o u g h t o w a r r a n t a s t a t e m e n t o f t h e 

r e s u l t s T h e p i c k l i n g o f s t e e l , a l t h o u g h a v e r y c o m m o n a f f a i r i n t h e 

a r t s , c o m m e n d s i t s e l f a s o n e p o s s i b l y p o s s e s s i n g a d v a n t a g e s f o r r e 

s e a r c h p u r p o s e s w h i c h h a v e n o t y e t b e e n a v a i l e d o f . 

I t w a s a n n o u n c e d a n d e a r l y c o n f i r m e d t h a t t h e s e s h a t t e r e d z o n e s 

- e x i s t e d i n n e w r a i l s w h i c h h a d n o t b e e n i n s e r v i c e . W h i l e v a r i a t i o n s 

i n t h e r a t e o f s o l u b i l i t y w e r e f o u n d i n t h e p r e s e n t t e s t s n o e v i d e n c e 

w a s p r e s e n t e d w h i c h w o u l d a t t a c h r e s p o n s i b h t y f o r t h e d i s p l a y o f 

s h a t t e r i n g c r a c k s t o t h e a c t i o n o f t h e a c i d s o l v e n t s T h e i r p r e e x i s t e n c e 

w a s e s t a b l i s h e d b e y o n d a d o u b t . 

W h i l e t h e m e t h o d o f p i c k i n g a f f o r d s t h e m o s t e x p e d i t i o u s a n d 

• c o n v e n i e n t m e a n s f o r p r e l i m i n a r y e x a m i n a t i o n , t h e d e t e c t i o n o f 

s h a t t e r i n g c r a c k s b y o t h e r m e a n s m a y b e r e f e r r e d t o C r a c k s o f 

e e i t a m m a g n i t u d e s h o w t h e m s e l v e s w h i l e m a c h i n i n g t h e s t e e l . A 

r a t h e r l i g h t d e p t h o f c u t a n d f e e d o f t o o l i n t h e l a t h e o r s h a p e r r e -

Teals s o m e c r a c k s w h i c h e i t h e r h e a v i e r o r l i g h t e r c u t s a n d f e e d s 

o b s c u r e , c r a c k s w h i c h p o l i s h i n g o f t e n o b l i t e r a t e s . C r a c k s o f a m i n 

u t e o r d e r w i l l a p p e a r in d r a w f i l i n g . F i n e p a r t i c l e s o f t h e s t e e l a r e 

m a g n e t i z e d a n d a r r a n g e t h e m s e l v e s a l o n g t h e c r a c k s a n d g i v e v i s 

ibility t o t h e m . V i s i b i l i t y i s l o s t , h o w e v e r , w h e n t h e f i n e p a r t i c l e s 

a r e b r u s h e d a w a y . T h i s i s a d e l i c a t e m a n i f e s t a t i o n o f a c o m m o n 

o c c u r r e n c e i n c o l d , d r y , s a w i n g o f a r a i l i n w h i c h t h e f i n e s a w d u s t 

g a t h e r s a s a f r i n g e , a t t i m e s r e a c h i n g a n i n c h i n l e n g t h , t h e f r i n g e 

on o n e s i d e o f t h e r a i l h a v i n g t h e o p p o s i t e p o l a r i t y o f t h a t o f t h e 

o t h e r s i d e . 

S h a t t e r i n g c r a c k s w e r e f o u n d i n o n e o f t h e c o o p e r a t i v e l a b o r a t o 

r i e s b y s e v e r a l m e t h o d s . T h e y w e r e l o c a t e d b y p o l i s h i n g c o n d u c t e d 

w i t h t h a t o b j e c t i n v i e w , w i t h o u t e i t h e r e t c h i n g o r p i c k l i n g . A h i g h 

p o l i s h w a s n o t u s e d , t h u s a v o i d i n g d r a g g i n g o f t h e s u r f a c e m e t a l . 
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The cracks may also be revealed by tincture of iodine, ammonium 
copper chloride, and by ferric chloride. The obscurity of high polish
ing is attributed to the dragging of the surface metal across the 
width of opening of the crack, a width generally so narrow that it 
appears immeasurable. Again there is the possibility of the op
posite surfaces of the crack being separated so slightly that under 
a mild etching solution no differentiation in appearance occurs. No 
foreign inclusion has been found in these cracks, hence micro
scopically there wTas no change in structure to show. 
The continuity of the metal, however, is destroyed at these cracks, 

consequently annealing has no healing effect Their presence was 
rendered visible, in the laboratory referred to, by heating and decar-
bunzing the surface, which at the same time decarbunzed the walls 
of the cracks their entire depth After the scale and a thin layer of 
surface metal were removed the cracks were plainly visible 
Figures 5 and 6 show photo-micrographs of cracks revealed by 

polishing without etching and with etching; cracks natural size and 
under low magnification after decarbunzation; also the normal 
microstructure of the steel and the microstructure of a decarburized 
crack. 
Shattered zones occur both in the central part of the head of the 

rail, and at the junction of the web and the base These zones are 
indicated on figure 7, which shows also the manner in which 
some of the rails were prepared for pickling. The top of the head 
was planed off in different stages, ultimately to a depth of three-
fourths of an inch, and one flange of the base planed away At other 
times, one-half of the rail was planed away, in vertical, longitudinal 
section. The rail represented in this cut did not display a general 
shattered state. It failed, however, in service with a transverse 
fissure, while 21 additional incipient fissures were found in its sub
sequent examination on a length of 4 feet The particular sec
tion here shown was pickled on the end as well as on the sides. 
The uniform pitting of the end surface will be noted, showing struc
turally uniform metal 
Sections of 40 rails were pickled in the present examination in quest 

of shattered interior metal. Of this number about one third dis
played shattered heads, representing rails which developed trans
verse fissures or rails from heats which had done so About the same 
number of rails, each of which developed transverse fissures, did not 
show shattered metal. The other third in number, unshattered, rep
resented new rails which had not been in service, some early English 
and domestic- rails, and some which had been removed from the track 
on account of other types of failure 
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F i g u r e s 8 , 9 , a n d 1 0 r e p r e s e n t l o n g i t u d i n a l s e c t i o n s o f t h r e e 1 0 0 -

p o u n d r a i l s r o l l e d i n 1 9 1 2 , t w o o f w h i c h d i s p l a y e d t r a n s v e r s e fissures 

i n t h e t r a c k . O n e d i d n o t f a i l , b u t w a s r e n j t o v e d f o r t h e p r e s e n t e x 

a m i n a t i o n . T h e r a i l r e p r e s e n t e d b y figure 8 d i s p l a y e d f i v e t r a n s 

v e r s e fissures i n t h e t r a c k . A d d i t i o n a l i n c i p i e n t fissures w e r e f o u n d 

w h e n p i c k l e d , o n e b e i n g w e l l a d v a n c e d , h a v i n g a d i a m e t e r o f I f 

i n c h e s . T h i s w a s l o c a t e d w i t h i n 1 i n c h o f a t r a n s v e r s e fissure w h i c h 

w a s d i s p l a y e d i n t h e t r a c k . T h e m e t a l i n t h e i n t e r i o r o f t h e h e a d 

w a s i n a s h a t t e r e d c o n d i t i o n . T h e p i c k l i n g w a s p r o l o n g e d , e n l a r g 

i n g t h e c r a c k s a n d m a k i n g t h e m m o r e c o n s p i c u o u s f o r p h o t o g r a p h i c ^ 

p u r p o s e s . T h e u p p e r v i e w o f t h i s c u t s h o w s a v e r t i c a l , l o n g i t u d i n a l 

s e c t i o n , t h e l o w e r v i e w a h o r i z o n t a l , l o n g i t u d i n a l s e c t i o n , a l o n g t h e 

m i d d l e o f t h e w i d t h o f t h e h e a d , a n d a b o u t t h r e e - f o u r t h s i n c h b e l o w 

t h e r u n n i n g s u r f a c e , r e s p e c t i v e l y . F i g u r e 9 r e p r e s e n t s t h e r a i l w h i c h . 

d i d n o t f a i l i n t h e t r a c k , a l t h o u g h o t h e r r a i l s o f t h e s a m e h e a t h a d 

d o n e s o . T h e t o p o f t h e h e a d w a s p l a n e d o f f t h r e e - q u a r t e r s i n c h d e e p 

a n d p i c k l e d . O n t h i s s u r f a c e , 6 i n c h e s l o n g , t h e r e w e r e d i s p l a y e d 

135 s h o r t s h a t t e r i n g c r a c k s a n d s e a m s . F i g u r e 1 0 r e p r e s e n t s a r a i l 

w h i c h d i s p l a y e d b u t o n e t r a n s v e r s e fissure i n t h e t r a c k . T w e n t y - o n e 

i n c i p i e n t fissures w e r e f o u n d i n t h e r a i l w i t h i n a l e n g t h o f 36 i n c h e s 

w h e n t h e h e a d w a s p l a n e d o f f a n d p i c k l e d . O n e i n c i p i e n t fissure w a s 

l o c a t e d w i t h i n 1 | i n c h e s o f t h e o r i g i n a l e n d o f t h e r a i l . T h e e x a m 

i n a t i o n f a i l e d t o r e v e a l a n y s h a t t e r i n g c r a c k s i n t h e h e a d o f t h i s r a i l . 

T h e s e s e c t i o n s t h e r e f o r e s h o w o n e r a i l h a v i n g t r a n s v e r s e f i s s u r e s i n 

t h e p r e s e n c e o f s h a t t e r e d m e t a l , a n o t h e r v e r y b a d l y s h a t t e r e d r a i l , 

b u t n o t y e t h a v i n g d i s p l a y e d a t r a n s v e r s e fissure, w h i l e t h e o t h e r r a i l 

b r o k e i n t h e t r a c k w i t h o n e t r a n s v e r s e fissure, d i s p l a y i n g a c o n s i d e r 

a b l e n u m b e r o f i n c i p i e n t fissures i n i t s e x a m i n a t i o n , b u t f r e e f r o m a 

s h a t t e r e d s t a t e o f t h e m e t a l . 

E f f o r t s a r e b e i n g d i r e c t e d t o a s c e r t a i n t h e s i g n i f i c a n c e o f t h e s e 

s h a t t e r e d z o n e s , h o w a n d w h e n t h e y a r e f o r m e d , t h e g r a d e s o f s t e e l 

i n w h i c h t h e y a r e p r e v a l e n t , a n d t h e i r i n f l u e n c e o n t h e d u r a b i l i t y o f 

t h e r a i l s i n w h i c h t h e y a r e p r e s e n t . T h e e x p l a n a t i o n w h i c h b e s t 

a c c o u n t s f o r t h e i r p r e s e n c e i s t h a t t h e y a r e s h r i n k a g e c r a c k s . T h e r e 

i s g e n e r a l a g r e e m e n t t h a t n o f o r e i g n i n c l u s i o n e x i s t s b e t w e e n t h e i r 

w a l l s , a n d t h a t t h e i r c o u r s e s d o n o t s e e m t o b e i n f l u e n c e d b y t h e 

m i c r o c o n s t i t u e n t s , p a s s i n g t h r o u g h t h e g r a i n s o r f o l l o w i n g g r a i n 

b o u n d a r i e s i n d i f f e r e n t p l a c e s . 

I t i s k n o w n , i n t h e p h y s i c s o f s t e e l , t h a t v a r i a t i o n s i n t h e v a l u e 

o f i t s s p e c i f i c g r a v i t y o c c u r i n t h e s a m e g r a d e o f m e t a l , r e s u l t i n g 

f r o m e i t h e r h e a t o r m e c h a n i c a l t r e a t m e n t a n d a l s o a s t h e r e s u l t o f 

s t r e s s , a s e x p r e s s e d b y P o i s s o n ' s r a t i o . V a r i a t i o n s i n d e n s i t y i n t h e 

s a m e m a s s s e e m t o b e a c a u s e f o r t h e i n t r o d u c t i o n o f i n t e r n a l s t r a i n s . 
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I n t h e a b s e n c e o f o p p o r t u n i t y t o d i s p l a y t h e p h e n o m e n o n o f p e r 

m a n e n t e x t e n s i o n , r u p t u r e s h o u l d t a k e p l a c e w h e n t h e a b i l i t y o f t h e 

s t e e l t o e n d u r e f u r t h e r e l a s t i c e x t e n s i o n i s r e a c h e d . T h e o p p o r t u n i t y 

t o d i s p l a y d u c t i l i t y i s f u r n i s h e d w h e n s t e e l i s s t r a i n e d i n o n e o r t w o 

d i r e c t i o n s o n l y ; s i m u l t a n e o u s s t r e s s e s o f t e n s i o n i n t h r e e d i r e c t i o n s 

p e r m i t t i n g o n l y e l a s t i c e x t e n s i o n . 

T h e s e a r e t h e p r e m i s e s w h i c h s e e m t o e x p l a i n h o w a n i n t e r i o r 

s h a t t e r e d s t a t e m a y b e f o r m e d , a n d w h i c h d i f f e r e n t i a t e s t h e s h r i n k 

a g e a t t i o n o f t h e i n t e r i o r m e t a l o v e r t h a t o f t h e e x t e r i o r . T h e e x 

t e r i o r o f a h o t b a r i s t h e f i r s t t o c o o l , a n d w h i l e u n d e r t e n s i o n i s 

t r e e t o c o n t r a c t i n d i a m e t e r . T h e i n t e r i o r , l a s t t o c o o l , e v e n t u a l l y 

a c q u i r e s a s t a t e o f t e n s i o n , t h e e x t e n t o f w h i c h i s l i m i t e d b y i t s 

e l a s t i c a b i l i t y T h e t e m p e r a t u r e w h e n t h e m o s t c r i t i c a l p e r i o d i s 

r e a c h e d i s p r o b a b l y a h i g h o n e . N o t w i t h s t a n d i n g t h e f a c t t h a t s t e e l 

i s p l a s t i c a t h i g h e r t e m p e r a t u r e s i t i s n o t h e l d t o b e i n c o n s i s t e n t 

t h a t i t m a y t h e n d i s p l a y b r i t t l e n e s s u n d e r c u b i c a l e x t e n s i o n . 

T h e l e s u l t s o f o b s e r v a t i o n r e p o r t e d f r o m t i m e t o t i m e b y e x p e r i 

m e n t e r s , h a v e b e e n t o t h e e f f e c t t h a t a t r a n s i t o r y c h a n g e i n t h e p h y s i c a l 

p i o p e r t i e s o f s t e e l o c c u r s i m m e d i a t e l y a f t e r f a b r i c a t i o n ; t h a t a 

m e a s u r a b l e i n t e r v a l o f t i m e i n t e r v e n e s b e f o r e t h i s p h y s i c a l c h a n g e i s 

c o m p l e t e d . E v i d e n c e o f t h i s k i n d c o m e s f r o m s e v e r a l s o u r c e s . I n 

t h e e f f o r t t o r e p r o d u c e s o m e o f t h e p h e n o m e n a w h i c h s h a t t e r e d r a i l s 

d i s p l a y a d d i t i o n a l e v i d e n c e w a s p r e s e n t e d , a c e r t a i n s e n s i t i v e n e s s 

b e i n g s h o w n w h i c h t h e s t e e l d i d n o t p o s s e s s a t l a t e r s t a g e s . 

A r a i l w a s q u e n c h e d d i r e c t f r o m t h e h o t s a w , w h e r e u p o n t h e i n t e r i o r 

o f t h e h e a d w a s f o u n d t o c o n t a i n c r a c k s s i m i l a r t o t h o s e i n r a i l s w i t h 

s h a t t e r e d h e a d s . A s e c t i o n o f t h e s a m e r a i l c o o l e d n o r m a l l y o n t h e 

h o t b e d d i d n o t d i s p l a y s h a t t e r e d m e t a l . O t h e r m e t h o d s o f t r e a t m e n t , 

l o l l i n g g r e e n ; r o l l i n g c o l d ; g a g g i n g , l i g h t m e d i u m , a n d e x c e s s i v e ; 

r e h e a t i n g a n d q u e n c h i n g i n d i f f e r e n t w a y s — n o n e o f t h e s e r e s u l t e d i n 

t h e p r o d u c t i o n o f a n i n t e r i o r s h a t t e r e d z o n e . T h r o u g h o u t t h e s e t e s t s 

a h i g h c a r b o n s t e e l w a s u s e d . 

Q u e n c h i n g h i g h c a r b o n s t e e l s s e v e r e l y s t r a i n s t h e m e t a l , f r e q u e n t l y 

c u l m i n a t i n g i n f r a c t u r e s h a v i n g a n e x t e r i o r o r i g i n . R a i l h e a d s 

r e h e a t e d a n d q u e n c h e d h a v e s h o w n a n e x f o l i a t i o n , c o n c e n t r i c l a y e r s i n 

s u c c e s s i o n b e i n g d e t a c h e d f r o m t h e c e n t r a l c o r e . F i g u r e 11 s h o w s 

t h e a p p e a r a n c e o f a r a i l h e a d t r e a t e d i n t h i s m a n n e r . T h e c o o l i n g 

w a s d o n e f r o m t h e s i d e s o f t h e h e a d , n o t f r o m t h e e n d s . 

F i g u r e 12 i l l u s t r a t e s l i n e s o f r u p t u r e i n t h e h e a d o f a r a i l w h i c h 

h a d i n t e r i o r o r i g i n s . T h e c r o s s w i s e f r a c t u r e s , o c c u r r i n g a t f a i r l y 

r e g u l a r i n t e r v a l s , s t a r t e d v e r y n e a r t h e c e n t e r l i n e o f t h e h e a d , f r o m 

w h i c h t h e y e x t e n d e d i n e a c h d i r e c t i o n t o t h e s i d e s o f t h e h e a d , o r 

n e a r l y r e a c h i n g t h e p e r i p h e r y . S e c o n d a r y l i n e s o f r u p t u r e d e t a c h e d 

a c e n t r a l c o r e d i v i d e d i n t o s h o r t s e c t i o n s b y t h e c r o s s w i s e f r a c t u r e s . 
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T h e s h o r t e r c r o s s w i s e c r a c k s n o d o u b t f o r m e d t h i r d i n o r d e r , t h e 

o r d e r o f o c c u r r e n c e o f t h e s e s e v e r a l g r o u p s o f f r a c t u r e s b e i n g q u i t e 

d e f i n i t e l y i n d i c a t e d . 

A c e r t a i n d e g r e e o f c o n t r o l m a y b e e x e i c l s e d o v e r t h e m a n n e r i n 

w h i c h a r a i l i s f r a c t u r e d , a n o p p o r t u n i t y w h i c h w i l l b e m a d e u s e 

o f i n f u r t h e r q u e s t o f t h e c a u s e s w h i c h l e a d t o s h a t t e r e d r a i l s T h e 

r a i l s i n w h i c h s h a t t e r e d z o n e s h a v e b e e n f o u n d h a v e b e e n h i g h c a r b o n 

o r f a i r l y h a r d s t e e l s . I n t h e s o f t e r r a i l s s h a t t e i e d m e t a l h a s n o t 

b e e n f o u n d . H o w e v e r , b u t f e w s u c h r a i l s h a v e y e t b e e n e x a m i n e d ; 

t h e r e s u l t s a r e t h e r e f o r e s u g g e s t i v e r a t h e r t h a n c o n c l u s i v e T h e 

a v e r s i o n o f s t e e l m a n u f a c t u r e r s t o r o l l t h e v e r y h a r d g r a d e s o f s t e e l 

i n t o r a i l s i s w e l l k n o w n I f a r e l a t i o n i s f o u n d c o n n e c t i n g s h a t t e r e d 

m e t a l w i t h t h e c h e m i c a l h a r d n e s s o f t h e s t e e l , a s u b s t a n t i a l r e a s o n 

w i l l h a v e b e e n s h o w n u p o n w h i c h p r e f e r e n c e f o r a g i v e n g r a d e o f 

m e t a l m a y r e s t A r e c e n t e x a m i n a t i o n h a s b e e n m a d e o f n e w r a i l s , 

t a k e n f r o m o v e r 6 0 h e a t s , i n q u e s t o f s h a t t e r e d z o n e s I n n o n e o f 

t h e s e r a i l s w e r e t h e y f o u n d . T h e e x a m i n a t i o n o f s e c t i o n s f r o m o n e 

h e a t , o f m u c h h a r d e r s t e e l , r e v e a l e d t h e p r e s e n c e o f n u m e r o u s s h a t 

t e r i n g c r a c k s . I n t h e l i g h t o f p r e s e n t i n f o r m a t i o n , t h e i n f e r e n c e i s 

t o o o b v i o u s t o m e n t i o n ; s t i l l i t i s t o o e a r l y t o i n d u l g e i n a n y v a t i c i n a 

t i o n f o r o r a g a i n s t h a r d s t e e l s i n r e s p e c t t o t h e i r i n f l u e n c e u p o n 

s h a t t e r e d z o n e s . 

T h e r e e x a m i n a t i o n o f a r a i l i n w h i c h 1 5 t r a n s v e r s e f i s s u r e s w e r e 

f o u n d , c a u s i n g a n e a i h e r d e r a i l m e n t , r e v e a l e d n o s h a t t e r e d m e t a l . 

T h e c h e m i c a l a n a l y s i s s h o w e d t h i s r a i l t o h a v e a c a r b o n c o n t e n t o f 

0 . 7 3 t o 0 7 7 , w i t h a b o u t t h e s a m e m a n g a n e s e T r a n s v e r s e fissured 

r a i l s t h u s f a r e x a m i n e d , c o n t a i n i n g s h a t t e r e d m e t a l , h a v e g e n e r a l l y 

b e e n i n s e r v i c e p e r i o d s o f 6 t o 1 2 y e a r s T h o s e w h i c h h a v e d i s p l a y e d 

fissures w i t h i n s h o r t e r p e r i o d s o f t i m e r e m a i n t o b e e x a m i n e d 

C o n s i d e r i n g i n t h e a b s t r a c t a m a t t e r w h i c h t o u c h e s u p o n t h e c a 

p a c i t y o f s t e e l t o r e s p o n d t o e l a s t i c s t r a i n s , i n s i t u a t i o n s w h e r e i t c a n 

n o t d i s p l a y d u c t i l i t y , t h e d o u b l e r a d i u s o f m o l e c u l a r a c t i o n , a s i t i s 

c a l l e d , r e p r e s e n t s t h e l i m i t s o f e l a s t i c r a n g e o f t h e s t e e l b e y o n d w h i c h 

d e s t r u c t i o n t o i t s i n t e g r i t y t a k e s p l a c e . T h i s d i s t a n c e i s a m i n u t e 

o n e . T h e s i l v e r y l u s t e r o f t h e s u r f a c e s a n d r i p p l e d z o n e s o n t h e 

f a c e s o f t r a n s v e r s e fissures w h i c h h a v e n o t b e e n e x p o s e d t o t h e a i r 

t e s t i f y t o t h e m i n u t e s e p a r a t i o n o f t h o s e f a c e s , w h i c h u n d e r a l t e r n a t e 

s t r e s s e s a p p e a r t o h a v e b u r n i s h e d e a c h o t h e r T h e w i d t h o f o p e n i n g s 

o f t h e s e s h a t t e r e d c r a c k s i s v e r y m i n u t e . W h e n a t a m i n i m u m i t i s 

n o t b e l i e v e d t h e y a t t a i n a w i d t h a p p r o a c h i n g t o a s m u c h a s a fifty-

t h o u s a n d t h o f a n i n c h . I t i s t h i s m i n u t e s e p a r a t i o n w h i c h m a k e s i t 

p l a u s i b l e t h a t s h r i n k a g e c o n d i t i o n s a r e r e s p o n s i b l e f o r t h e s h a t t e r e d 

z o n e s , a n d l e a d s t o t h e f u r t h e r t h o u g h t t h a t s o m e m i c r o c o n s t i t u e n t 

m a y f a v o r t h e i n t e r i o r e x t e n s i o n t o s u c h a d e g r e e t h a t a c t u a l s e p a r a -
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t i o n m a y b e a v o i d e d , a l t h o u g h s t i l l l e a v i n g t h e i n t e r i o r m e t a l i n a 

s t a t e o f l o c a l s t r a i n . 

P r o v i d e d t h e i n t e g r i t y o f t h e s t e e l h a s n o t b e e n d e s t r o y e d l o c a l l y 

b y t h e f o r m a t i o n o f a s h a t t e i e d z o n e , i t i s r e a s o n a b l e t o s u p p o s e t h a t 

t h e i n t e r n a l s t r a i n s s e t u p b y t h e c o l d r o l l i n g o f t h e w h e e l s m a y 

c o n s t i t u t e t h e a d d i t i o n a l s t r a i n n e c e s s a r y t o i n a u g u r a t e t h e d e v e l o p 

m e n t o f a t r a n s v e r s e f i s s u r e , a n d t h a t t h e p r o g r e s s o f t h e f i s s u r e m i g h t 

b e f a c i l i t a t e d b y t h e p r e s e n c e o f s h r i n k a g e s t r e s s e s I n t h i s t h e r e 

w o u l d b e j o i n t a c t i o n , t h e p r i m i t i v e s h r i n k a g e s t r a i n s , a n d t h e a u g 

m e n t i n g c o l d r o l l i n g s t r a i n s , t h e i r u n i t e d e f f o r t s c u l m i n a t i n g i n t h e 

f o r m a t i o n o f i n c i p i e n t fissures. S u c h a n e x p l a n a t i o n a c c o u n t s f o r 

t h e s h o r t i n t e r v a l s o f l e n g t h i n w h i c h t h e y o c c u r . S h r i n k a g e s t r a i n s 

f i n d r e l i e f w i t h a l i m i t e d e x t e n t o f s h a t t e r i n g , w h i l e c o l d r o l l i n g 

s t r a i n s a r e p r o g r e s s i v e a n d f o l l o w u p a n y y i e l d i n g o f t h e i n t e r i o r 

w i t h f r e s h a d v a n c e s . T h e p e r i o d o f u n i t e d a c t i o n o f t h e s e t w o f o r c e s 

w o u l d b e l i m i t e d t o t h e i n c i p i e n t s t a g e s o f a fissure, a f t e r w h i c h c o l d 

r o l l i n g s t r a i n s o n l y w o u l d c o n t i n u e . 

F r o m t h e s e p r e m i s e s , i n i t i a l r e l i e f o f i n t e r n a l s t r a i n s s h o u l d a t 

t e n d t h e f o r m a t i o n o f s h a t t e r e d z o n e s . S p e c u l a t i n g u p o n s o m e o f 

t h e c o n s e q u e n c e s , i t w o u l d s e e m t h a t t h e d i f f u s i v e a c t i o n o f a c e r t a i n 

n u m b e r o f s h a t t e r i n g c r a c k s m i g h t a t t i m e s a m e l i o r a t e c o n d i t i o n s , 

r e t a r d o r p o s s i b l y a r r e s t t h e f o r m a t i o n o f a t i a n s v e r s e f i s s u r e T h e 

a g e s o f m a n y o f t h e s h a t t e r e d r a i l s i n w h i c h t r a n s v e r s e f i s s u r e s h a v e 

a p p e a r e d g i v e w e i g h t t o t h i s a s s u m p t i o n I t w i l l a l w a y s b e b o r n e 

i n m i n d t h a t s e v e r i t y o f t r a c k c o n d i t i o n s m u s t n o t b e o v e r l o o k e d , a n d 

s i n c e t r a n s v e r s e f i s s u r e s d e v e l o p s o c o m m o n l y o n t h e g a u g e s i d e o f 

t h e h e a d t h a t f a c t a l s o s h o u l d b e k e p t i n m i n d . N o t r o u b l e h a s 

c o m e f r o m t h e s h a t t e r e d z o n e a t t h e j u n c t i o n o f t h e w e b a n d t h e 

b a s e , a r e g i o n n o t d i r e c t l y a f f e c t e d b v t h e c o l d r o l l i n g o f t h e w h e e l s . 

R e c o g n i t i o n o f t h e s e s e v e r a l i n f l u e n c e s d o e s n o t e n c o u r a g e t h e b e l i e f 

t h a t a l l o f t h e c a u s e s w h i c h t e n d t o w a r d t h e r u p t u r e o f r a i l s a d m i t 

o f b e i n g e l i m i n a t e d . R a i l s c a n n o t b e i n c l u d e d i n t h e g i o u p o f e n 

g i n e e r i n g s t r u c t u r e s w h i c h a r e c l a s s i f i e d a s p e i m a n e n t o n e s . I t i s 

t h e m e t h o d o f c a r r y i n g l o a d s u p o n w h e e l s , t h e v e r y e s s e n c e o f l a n d 

t r a n s p o r t a t i o n , w h i c h e x c l u d e s r a i l s f r o m t h e g r o u p o f p e r m a n e n t 

s t r u c t u r e s 

T h e r a i l p r o b l e m i s o n e i n w h i c h a n u n d e r s t a n d i n g o f t h e a b s t r a c t 

m a t t e r s t o u c h e d u p o n i n t h e p i e c e d m g r e m a r k s h a s m u c h t o d o . S p e c i 

fications g o v e r n i n g t h e a c c e p t a n c e o f r a i l s h a v e l i t t l e r e f e r e n c e t o 

t h e i r u s e i n t h e t r a c k . E l a b o r a t i o n o f s p e c i f i c a t i o n s a l o n g l i n e s n o t 

h a v i n g t o d o w i t h t h o s e v i t a l q u e s t i o n s a f f e c t i n g d u r a b i l i t y a n d s a f e t y 

i s n o t a h o p e f u l s i g n o f p r o g r e s s A t t e n t i o n i s t h e r e b y d i v e r t e d f r o m 

i m p o r t a n t m a t t e r s u p o n w h i c h r e v i s i o n s h o u l d b e b a s e d T h e n e 

c e s s i t y f o r c o n s i d e r i n g t h e u l t i m a t e e f f e c t s o f s e r v i c e s t r e s s e s i s g r e a t e r 
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i n t h e c a s e o f r a i l s t h a n f o r a n y o t h e r p r o m i n e n t e n g i n e e r i n g p u r p o s e . 

T h e i d e a i s n o t t e n a b l e t h a t u n b r e a k a b l e r a i l s c a n b e m a d e , i g n o r i n g 

s e r v i c e s t r e s s e s ; t h a t r a i l s m u s t b e m a d e , a s a , m i l l p r o b l e m , w h i c h w i l l 

n o t f a i l i n t h e t r a c k u n d e i t h e i n c r e a s i n g w e i g h t o f r o l l i n g s t o c k . 

N e a r l y n i n e y e a r s h a v e e l a p s e d s i n c e t h e s u b j e c t o f t r a n s v e r s e 

fissures w a s b r o u g h t t o t h e a t t e n t i o n o f t h e r a i l w a y e n g i n e e r i n g p r o 

f e s s i o n . D u r i n g t h i s i n t e r v a l t h o u s a n d s o f r a i l s h a v e f a i l e d f r o m 

t h i s t y p e o f r u p t u r e T h e y c o n t i n u e o f f r e q u e n t o c c u r r e n c e . A d e 

c i d e d i n c r e a s e i n t h e w e i g h t o f r a i l s h a s n o t e f f e c t e d t h e i r e l i m i n a t i o n , 

n o r h a s t h e u s e o f a h a r d s t e e l b e e n a p i e v e n t i v e . T h e p r o p e r t i e s o f 

t h e f a i l e d r a i l s h a v e b e e n e x a m i n e d a t l e n g t h . I n s u f f i c i e n c y o f d a t a 

n o w l i e s i n t h e d i i e c t i o n o f c o m p l e t e a n d r e l i a b l e t r a c k i n f o r m a t i o n 

i n w h i c h a l l o f t h e r a i l r o a d s o f t h i s c o u n t r y s h o u l d b e c o n t r i b u t o r s ; 

t h e i m m e d i a t e o b j e c t o f w h i c h s h o u l d b e t o s h o w t h e r e l a t i o n s b e t w e e n 

t h e d e v e l o p m e n t o f t r a n s v e r s e fissures a n d s e r v i c e c o n d i t i o n s . 

S U M M A R Y . 

T h e d e r a i l m e n t c a u s e d b y t h e f a i l u r e o f t h e p r e s e n t r a i l a d d s 

a n o t h e r f a t a l a c c i d e n t t o t h e l i s t o f t h o s e w h i c h h a v e b e e n d u e t o 

t r a n s v e r s e fissures. T h i s f r a c t u r e , a s a t y p e , i s d i s p l a y e d u n d e r c o n d i 

t i o n s w h i c h m a k e i t s f u r t h e r s t u d y a n u r g e n t m a t t e r . T r a n s v e r s e fis

s u r e d r a i l s f a i l , f o r t h e m o s t p a r t , w i t h o u t w a r n i n g . T h e e x a m i n a 

t i o n o f t h o s e w h i c h h a v e f a i l e d g e n e r a l l y r e v e a l s a d d i t i o n a l i n c i p i e n t 

f i s s u r e s , i n d i f f e r e n t s t a g e s o f d e v e l o p m e n t , e a c h a p l a n e o f w e a k n e s s . 

T h e c o n d i t i o n o f c o m p a n i o n r a i l s , y e t u n b r o k e n , i s a m a t t e r o f g r a v e 

a n x i e t y . A m e n a c e i s t h u s p r e s e n t e d w h i c h s h o u l d n o t g o u n h e e d e d . 

T h e i n v e s t i g a t i o n s o f t h e e n g i n e e r - p h y s i c i s t o f t h i s b u r e a u , o n t h e 

o c c a s i o n o f d i f f e r e n t a c c i d e n t r e p o r t s , h a v e d e f i n e d t h e s t r a i n s a n d 

s t r e s s e s w h i c h a r e p e c u l i a r t o a n d i n h e r e n t i n r a i l s , c o n d i t i o n s w h i c h 

a r e i n s e p a r a b l e f r o m t h e m e t h o d o f c a r r y i n g h e a v y l o a d s o n w h e e l s . 

A l l r a i l s a r e s u b j e c t t o i n t e r n a l s t r a i n s w h i c h w h e e l p r e s s u r e s i n d u c e . 

I n d e p e n d e n t o f s u c h o t h e r i n d i c a t i o n s a s t h e r e m a y b e , w h i c h a r e i n -

d e x i c a l o f t h e p r o p e r t i e s o f t h e s t e e l , f a i l u r e w h e n e v e r i t o c c u r s i s t h e 

r e s u l t o f o v e r s t r a i n i n g f o r c e s . T h e r e a r e t w o c o m p r e h e n s i v e q u e s 

t i o n s i n t h e r a i l p r o b l e m , n a m e l y , w h a t a r e t h e l o a d s o r s t r e s s e s w h i c h 

r a i l s c a n e n d u r e s u c c e s s f u l l y , a n d w h a t a r e t h e y r e q u i r e d t o d o i n 

s e r v i c e . 

A l l r a i l s a r e e x p o s e d t o s u b s t a n t i a l l y t h e s a m e k i n d o f s t r e s s e s , d i f 

f e r i n g , h o w e v e r , i n d e g r e e . I n f o r m a t i o n , b a s e d o n r e l i a b l e t r a c k 

d a t a , i s n e e d e d t o p o i n t o u t d e f i n i t e l y w h a t c o n d i t i o n s o f s e r v i c e a r e 

p r e s e n t w h i c h l e a d t o t h i s t y p e o f f r a c t u r e i n r a i l s w h i c h h a v e p a s s e d 

p r e s c r i b e d s p e c i f i c a t i o n s a n d h a v e b e e n a c c e p t e d a s s a t i s f a c t o r y r a i l s . 

I f t h e t e s t s f o r a c c e p t a n c e a r e i n a d e q u a t e f o r t h e i r p u r p o s e , p r o v i d e d 

r e l i e f l i e s i n t h a t d i r e c t i o n , t h e y s h o u l d b e m o d i f i e d a l o n g t h e n e c e s 

s a r y l i n e s t o a c c o m p l i s h t h e i r p u r p o s e . 
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Or, if the limit of endurance of rails has been reached, that fact 

should be made clear. Since it is a question of degree in all cases 
when steel fails under stresses, the relation between the ability of the 
rail to sustain long-continued stresses and the permissible weight of 
equipment should be established. 
The discovery of shattered zones in the heads and bases of rails 

gave encouragement, for a time, that a cause for their early failure, 
or premature failure it might be called, had been found, the elimina
tion of which would restore a margin of safety in rails, in locations 
where they are now breaking. Whether these hopes will in a measure 
be realized it is yet too early to state. The display of transverse fis
sures in rails in which diligent search has so far failed to reveal shat
tered metal indicates their development is not basically dependent 
upon the presence of this particular defect. 
In the investigation of rails which have failed by transverse fissures 

attention has been directed intensely to their physical properties and 
structural state. The results have brought about a clearer conception 
of the phases through which rails pass, which may be held as precur
sors to rupture No common physical defect has been discovered to 
the presence of which transverse fissures may be ascribed. Some 
grades of steel are more prone than others to develop such fractures. 
The interior origins of transverse fissures are explained by the engi
neer-physicist on physical laws. 
Whether rails are likely to fail by transverse fissures or not appears 

to depend upon track conditions being unfavorable or favorable. 
With such abundant opportunities as are afforded by the combined 
efforts of the railroads of the country to acquire the necessary informa
tion, this phase of the subject should be actively entered upon and 
brought to a conclusion. In respect to the presentation of data upon 
transverse fissured rails it is felt that information upon the relation 
of equipment and service conditions to their formation has not kept 
apace with the investigation of the physical properties of the steel, a 
deficiency which calls for early correction 
Respectfully submitted. 

W. P . B O R L A N D , 

Chief, Bureau of Safety. 
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