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Locomotive 1102 broke away from locomotive 223 and ran a dis­
tance of about 400 feet before coming to a stop, the wheels of the 
lead ing engine remaining on the rails while the wheels of the tender 
were derailed Locomotive 223 turned over on its left side and lay 
parallel with the track, with its tender lying crosswise the track and 
jammed against the boiler head The first two cars of the train 
derailed to the left of the track and came to rest tilted at an angle of 
45°. The coach, the third car in the train, was derailed, but re­
mained on the roadbed in an almost upright position, while the 
chair car had only its front trucks derailed, and the rear car was 
not derailed. 
An examination of the track after the accident disclosed that a 

rail on the south side of the track had broken into four pieces, the 
first break occurring 1 foot inches from its receiving end Op­
posite this rail, on the north side of the track, another rail was 
found broken into two pieces, the break in the north rail occurring, 
19 feet 4 inches from its receiving end, or 1 foot 2̂  inches farther 
west than the first break in the south rail Both of these rails and 
the rails for the next half panel west showed badly roughened sur­
faces on the balls of the rails, apparently caused by an engine slip­
ping on account of being stalled in the snow The rails also indicated 
some flange wear 
The crew of fieight tiam No 32, which passed over this point 

2̂  days prior to the time of the accident, stated that they became 
stalled in the snow at the point where train No. 305 was derailed, 
and that the locomotive of their tram slipped more or less in an 
effort to get through the cut. It was their opinion that this slipping 
may have burned the rails, although they did not examine them and 
could not say positively. 
The crew of train No. 306, which passed over this track about 2 

hours before train No 305 was derailed, stated that they noticed 
snow-burnt rails at this point, and, while they were quite noticeable, 
they did not think the condition sufficiently dangerous to require a 
report 
Engineman Dale, of the leading locomotive of train No. 305, stated 

that at the time of the accident he was using just enough steam to 
cushion the valves and that the speed was about 25 miles an hour. 
The first intimation he had of the accident was a noise and a jar, 
which he thought was caused by a broken rail, and he immediately 
made an emergency application of the brakes He thought that 
his locomotive passed over the broken rail and that the tender wheels 
were pulled off the track by the derailment of the second locomotive 
when it turned over Engineman Dale further stated that he had 
had a good deal of experience with snow-burnt rails, and," while the 
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same meaning as " wheel burnt," being indicative of the season of 
the year in which it occurred. These terms, as well known, refer to 
the effects of the slipping of driving wheel/s, which abrade the top 
of the rail, cause intense local heating, and result in the formation 
of shallow zones of hardened metal next the running surface. 
These rails had recently been exposed to injury of this kind. 

About two days prior to the derailment an eastbound train was 
stalled by snow at this place, experiencing difficulty in getting 
through the drift. It is believed to have caused injury to the track 
by the slipping of its wheels. 
The circumstances attending the accident make it appear that the 

rails were broken by the leading engine of the derailed train, al­
though this engine did not leave the track. Its tender, the second 
locomotive, and portions of the train were derailed. 
It is not uncommon for the engine which breaks a rail to pass over 

it in safety, the following cars meeting with injury. Or if the latter 
escape derailment a succeeding train is affected, providing the broken 
rail remains undiscovered. 
Little or no doubt concerning the responsibility for this derail­

ment attaches to the wheel-burnt condition of these rails, although 
direct evidence thereupon was not furnished by their fragments. 
Influences both weakening and strengthening in their tendencies are 
recognized in wheel-burnt rails. It is a matter of importance to 
acquire data which shall illustrate the phases through which the steel 
passes, and specifically explain the manner in which rupture is 
reached in cases of this kind. 
Large numbers of wheel-burnt rails are in service. Hardly a sta­

tion is without such rails in its vicinity. They are found near sig­
nals, water towers, in yards, or wherever trains usually stop and 
start. The condition of such rails can be judged of only by their 
external appearance Characteristic features may guide in forming 
judgment concerning their relative safety, but their identification 
as such has not been brought to a conclusion. The present report will 
be considered as a progress report upon this important subject. 
The data acquired upon the present rails will first be presented, 

followed by remarks upon phenomena displayed by steels which 
have been exposed to heat and mechanical action, resulting in effects 
similar to those witnessed in wheel-burnt rails. 
Figure 1 illustrates the appearance of wheel-burnt portions of the 

heads of fragments of these iails The slipping of the wheels dis­
torted and scored the metal at places along the running surface, 
slightly hollowing the head in spots Intense hardness of the metal 
was imparted covering areas of one or more square inches The 
edges of these areas were more or less ridgy or rippled. The metal 
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Herein reside features which reqmie further detailed tests in older 
to explain definitely why the rails broke. Cooling strains of fabrica­
tion introduce compression at the periphery of the head, the cold 
rolling action of the wheels sensibly increases the internal strains of 
compression at the running surface, and hardened steel, by reason 
of its diminished density, is expected to attain a state of internal 
compression. These several features appear as strengthening factors 
against the failure of the rails by tension at the top of the head. 
Notwithstanding their influence the rails broke by tension from the 
top of the head 
An explanation for the occurrence should probably be looked for 

in the intermediate stages of the hardening of the steel at a time 
when the exterior metal is first quenched and passes through a state 
of tension The metal at the bores of guns, momentarily exposed to 
a wash heat of high temperature, ultimately reaches a state of ten­
sion. A network of fine cracks covers the surface of the bore 
Similar cracks are witnessed m some rails. It appears that the rate 
of quenching may be a controlling factor, having such influence that 
hardened metal results in some instances without thermal cracks, 
while in other cases they are formed Shop practice in the hardening 
and tempering of tools furnishes examples suggestive of such an 
explanation. 
Indications in the present rails direct attention to the boundaries 

of wheel-burnt zones as places susceptible to injurious strains Much 
might be said in a speculative manner on the differences in action of 
the wheels in respect to abrasion, heating, and quenching effects, as 
confined within narrow dimensions on the rail head. The subject of 
wheel burning is not a simple one in respect to the manner in which 
ultimate rupture of the rail is reached. The present report will be 
submitted as a preliminary inquiry into a common source of injury 
and cause of rail failures, the importance of further investigation 
upon which is recognized In but few instances does steel externally 
afford opportunity for judging of its structural integrity Wheel-
burnt rails afford visible evidence of injury, and such evidence is 
probably in some degree indexical of the extent and gravity of the 
injury. 
The suggestion that wheel-burnt rails indiscriminately be removed 

from the track as a menace to safety would not appear justifiable in 
view of the inadequacy of the data upon their condition and the large 
number of such rails which are carrying present equipment without 
rupture. They are due to a condition so common that avoidance of 
their formation would likewise appear an impracticable demand. 
Other data are being acquired which will be embodied in a succeed­
ing report dealing with a derailment due to causes involving similar 
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f u n d a m e n t a l f e a t u r e s a s t h e p r e s e n t d e r a i l m e n t o n t h e a b i l i t y o f s t e e l 

t o e n d u r e t r a c k c o n d i t i o n s 

S U M M A R Y . 

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

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

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

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

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

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

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

E n g i n e e r - P h y s i c i s t p o i n t s o u t f e a t u r e s w h i c h h a v e a s t r e n g t h e n i n g 

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

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

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

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

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

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

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

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

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

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

W h e e l - b u r n t r a i l s a r e n u m b e r e d b y t h e t h o u s a n d s . T h e m a j o r i t y 

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

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

h a s n o t b e e n m a d e k n o w n , n o r d o e s t h e p r e s e n t r e p o r t p u r p o r t t o 

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

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

t o d o w i t h a n o t h e r d e r a i l m e n t . 

R e s p e c t f u l l y s u b m i t t e d 

W P . B o r l a n d , 

Chief, Bureau of Safety. 
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