
INTERSTATE COMMERCE COMMISSION 

EE POET OF THE CHIEF OF THE DIVISION OF SAFETY, COV­
ERING THE INVESTIGATION OF AN ACCIDENT WHICH 
OCCURRED ON THE PENNSYLVANIA RAILROAD NEAE NEW­
ARK, N Y , ON FEBRUARY 16, 1917 

M A Y 19, 1917 
To the Commission 
ON FOBIUAN 1C 1917, TBCIC WAS ,I DEIAILMENT OF a PASSENGEI HAM 

ON THE PENNSYLVANIA PIAIHOACL NEAI NEWARK N Y , 'WHICH RESULTED IN 
THE INJUN OF TWO P LSSENGEIS AND TWO EMPLOYEES AF TCI INVESTIGATION 
AS TO THE NATUIE .MD CAASE OL TIN-, ACCIDENT, I HEG TO SUBMIT THE FOL­
LOWING UPOIT 
THE TIAM NWOLVCD IN THIS ACCIDENT WAS NOITHBOUND PASSENGER TRAM 

NO 842 i ( ON SIS TING OF ONE COMBINATION BAGGAGE AND SMOKING C AR AND 
ONE COACH, HAULED BY LOCOMOTIVE 41 BO, AND WAS M CHARGE OF CONDUCTOI 
MARJLMNII AND ENGINEMAN MALOUCY IT DEPARTED FIOM STANLEY, 
"N "I ACCORDING TO THE TIAM SHEET, AT 3 S2 P M , ON TIME, LEFT FAN-
VILLC X Y TLIE LAST STOPPING POINT PREVIOUS TO BEING DERAILED, AT 
4 3B P M ONE MINUTE LATE, AND AT ABOUT 4 4 0 p m WAS DERAILED AT A 
POINT NEARLY 1J MILES BE\OND FANVILLE OR 5 MILES NORTH OF NEWARK, 
WHILE TRAVELING AT A SPEED OF 35 OR 40 MILES AN HOUR 
THE ENGINE LEMAMED UPRIGHT ON THE LOADWAY WITH SOME OF ITS 

•WHEELS DEI AILED, AND WAS NOT MAT EN ALLY DAMAGED THE TENDEI 
TURNED OVER ON ITS SIDE W KILE BOTH OF THE CAIS M THE TRAM WERE DEI AILED, 
BUT LEMAMED PIACTICALLV UPRIGHT NO SCUOUS DAMAGE BEING SUSTAINED 
B\ ANY OF THE EQUIPMENT 
THIS PAIT OF THE PENNSYLVANIA RAIHOAD IS A SMGLE-TIACK BIANCH 

LINE, 34 MILES IN LENGTH, ON WHICH TRAM MOVEMENTS ARE GOVERNED BY A 
MANUAL BLOCK SIGNAL SVSTEM THE POINT OL DEI AILMENT WAS ON A LONG 
CURVE OF 1 DEGREE, LEADING TO THE RIGHT, ON A SLIGHTLY ASCENDING GIADC 
THE TIACK IS LAID WITH 60-POUND STEEL JAILS, 30 FEET M LENGTH ON AN 
AVERAGE OF 17 OAK ARID PMC TIES BALLASTED WITH CINDERS TIC-PLATES 
WERE USED ON THE PINE TIES 1 HE WEATHEI WAS CLEAI 
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E n g i n e m a n M a l o n e v st ited tli.it his Liain w a s t r a v c h n g a t a s p e e d 
of 3 5 oi 4 0 m i l e s a n liour w lien h e felt t h e l o c o m o t r v e d e i ail a n d h e a t 
o n c e m a d e a n e m e i g e n c j a p p h c itinn of t h e b i a k c s t h e t i a m b e i n g 
b i o u g h t to a s t o p w i t h i n , a dist n i c e of 3 0 7 f e e t C a i eful e x a m i n a t i o n 
of t h e w h e e l s a n d flanges of t h e dei ailed e q u i p m e n t failed to s h o w 
a n y t h i n g w h i c h c o u l d h a v e c o n t i i b u t e d to t h e a c c i d e n t E x a m i n a ­
t i o n of t h e t i a c k s h o w e d th.it thei e w as a b r o k e n rail o n t h e i n s i d e ol 
t h e c u i v e , t h e first m a r k s of dei ailed w h e e l s o n t h e ties b e i n g 1 8 f e e t 
b e y o n d t h e fiist b r e a k i n t h e jail w h u h w a s b i o k e n i n t o a l a r g e 
n u m b e r of p i e c e s F i a c k w a l k e i D a } s t a t e d tViat h e h a d p a s s e d o v c i 
this p a i t of t h e t i a c k a b o u t h \ e h o r n s p r e v i o u s to t h e d e r a i l m e n t , a n d 
a t t h a t t i m e h e f o u n d e v e n tl 11112 to h e in g o o d c o n d i t i o n A c c o r d i n g 
to t h e t r a m s h e e t o n e n o i t h h o u n d a n d t h r e e s o u t h b o u n d t r a m s h a d 
p a s s e d o v e i t h e t r a c k b e t w e e n t h e t i m e it w a s i n s p e c t e d b y T r a c k ­
w a l k e r D a y a n d t h e t i m e of i h e d e r a i l m e n t , t h e c i c w s of n o n e of t h e s e 
trains n o t i c i n g a n y t h i n g w i o n g w i t h t h e t r a c k 

I n v e s t i g a t i o n d c h m t e h d< \ e l o p e d t h e f a c t t h a t t h e b i o k e n rail 
w a s t h e c a u s e of t h e a n i d i n t a n d a n i n v e s t i g a t i o n t o d i s c o v c i t h e 
r e a s o n loi t h o failure of ih< 1 ail 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 u c e i - p h y t i c 

A c k n o w ^ d g m e n t is in u h ot t h e c o o p e r a t i o n m t m s i n q u i r y of 
t h e othe nils of t h e J J e n n - i h i m a i t u h o a d C o a n d of t h e C a m b n a 
h t e o l C o 

R E P O R T 0 " T H E E N G I N E E R - P H Y S I C I S T 

rii( i.ul w h i c h h i o k i , u d * a i w d t h e d e i a i l m c n t of t i a m N o 8125, 
F e b i u u r \ 1 6 , 1 0 1 7 o n ilu N u k i s B a v B r a n c h o f t h e Pernio\lv.inia 
I t a i h o a d , w a s a 6 0 - p o u u d 1 ul 1 oiled b y t h e C a m b n a S t e e l C o in 
jSJaith, 1 8 8 7 a n d laid 111 t h e t_i.uk i n t h o f o l l o w i n g J u n e Ft b o r e 
t h e b i a n d m a i k s C a m b m el b7 111 

H i e U p e of f r a e t u i . w a s - q d u h e a d F a i l u r e t o o k p l a c e i n t h e 
l e c e r v m g h a l f of 1 U l e n g t h U . o u t _> feet of t h e rail, at its i m m e d i a t e 
r e c e i v i n g e n d r e m a i n e d 111 i i d B < \ o n d this p a r t t h e i e w a s a b i o k e n 
s e c t i o n , 8 feet 4 i n c l n - l u n g f o l l o w e d b v a n u n b r o k e n s e c t i o n 1 8 
feet 8 i n c h e s l o n g , c n m p l e i m g t h e l e n g t h of t h e lail n.O feet T h e 
u n b i o k c n s e c t i o n w a s lot all v b e n r a t t h o t i m e ol t h e d e r a i l m e n t 
F o i t y - e i g l i t f r a g m e n t ^ of t h e b i o k e n s e c t i o n w e r o r e c o v e i e d 

T h e a p p e a l a m e o f t h e u n c o v e r e d f r a g m e n t s is s h o w n b v figuie 
X o 1 s o m e of t h e f i a g m e n t s b e i n g a s s e m b l e d m thei r relative p l a c e s , 
w h i l e otlieis w e r e laid 111 1 l o w , t h e n p l a c e s m t h e i n t a c t rail n o t h a v ­
ing b e e n e s t a b l i s h e d 

T h e t o p of t h e lail s h o w e d a n i n c r e a s e 111 w i d t h of 0 18 i n c h , a s 
n e a r l y as. c o u l d b e j u d g e d w h e n t h e f i a g m e n t s w e r e p u t t o g e t h e r 
T i n s i n c r e a s e d w i d L h c o n e s p o n d e d s u b s t a n t i a l l y w i t h t h e w i d t h of 
o p e n i n g o f t h e s e a m m t h e h e a d , a relation g e n e r a l l y f o u n d i n split-
h e a d rails 
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Latei.il flow of the metal occurred in the shallow /one between the 
tunning sulfate of the head and the upper edge of the seam The 
formation of a split head is attributed to T H E wedge action of the 
steel in llrrs affected /one, leaching streaked metal starting an in­
cipient seam -where the metal of the head in A crosswise direction is 
deficient m sLiength 0 1 m ductility 0 1 both The incipient seam 
gradually develops in length and 111 depth until T H E R E is complete 
separation of the head 

Longitudinal seam-, or lines OF rupture wrth serrated surfaces 
W E R E shown on the fragments of tins rail The head w âs split along 
the G I E A T E L part of the S-foot 4-inch broken sectron 

Figure No 2 is a A lew of th^ top ol the head, T H O fragments eom-
pirsmg this P A I T of tho rarl B E I N G P L A C E D approximately in their rela­
tive positions Figure No o is a \ iew of the under S I D E of the H E A D 

showing a seriated poition below the running surface of the outsrde 
half of the head This part of the ruptured suiface H A D been ham­
mered comparatively smooth by the passage OF trams over the rail, 
evidence of the progressive character of its failuie 

A macroscopic examination was made of a full cross section of the 
rail near (lie broken portion followed by a micioscopic examination 
of the steed m (hat Vremit\ The macroscopic appearance of the iail 
is shown by figuic No 1, lepresentmg a cross section after it had 
been polished and etched with tincture of iodine Theie weie /ones 
of dark-colored dots near the periphery of the head and adjacent to 
the undei surface oi the base \ t the |unction of the head and web, 
in the web and near the upper surfaces OF the flanges these rnaikings 
appealed as lines The (hanged appeal ance of tho maikmgs at dif­
ferent parts of the c I O S S section is at tnbuted to changes m sh ipe 
which the metal undergoe^ m its reduction iioni the rectangular form 
of the bloom to that ol the frnrshed rail In the eailier --napes from 
the ingot the nun kings are dots which aie changed rrrto dashes by 
the draft of the rolls in forming the lail The unsymmetrrcal dark 
/one at the junction of the head and web is taken to indicate that 
the ingot from winch thrs rail was i oiled was larcl on its side to cool 

Figures Nos J and 6 represent longitudinal sectrons fiom the lower 
pait of the head and base respectively Tincture of iodine was used 
m c tc hmg these sec turns ^ hrch ire her e repi oduced rn nearly natural 
size 

Figures Xos 7 and 8 show magnified images ol a portion of T H E 
head and of one of the Mangos each in cross section 

A series of phoioiruorogi aphs are presented illustrating the micro-
structure rn diffeieat jtarts of the rail Prone acid W A S used in 
etching the steel for ruuroscoprc examination Figure No 9 shows 
the average structure at the middle ol the H E A D , in which coarse­
grained jxvuhte ajtpeais wrth thrck irregular F E I R I T E network Figure 
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N O 1 0 R E P R E S E N T S L O W C A R B O N M E T A L - F O U N D I N A Z O N E A B O U T O N E -

E I G H T H I N C H B E L O W T H E R U RULING -IU FAR E T H I S H G U I E A L S O S U B S T A N T I A L ^ 

R E P R E S E N T ^ L O W C A R B O N A R E A S I N OTHER P A I T S OF T H E H E A D 

F I G U R E N O 1 1 S H O W S T H E S U I U T U I E OF A S T R E A K I N T H E W E B W H I C H 

A P P E A R E D A S A D A R K - , O L O I E D B I N D W H E N E T C H E D W I T H I O D I N E I T I S 

H I G H E R RN C A R B O N A N D F I N E I GI A M E D T H A N T H E A V E R A G E S T R U C T U I E 

F I G U I C N O 1 2 S H O W S A LOW C A I B O N S T R E A K , H A V I N G A F M E - G I A M E D 

S T R U C T U I E I N W H I C H C O A I ^ E I mi U I H A N P I E S E N T F I G U R E S N O S 1 3 A N D 

1 4 A I E S E C T I O N S OF L O W CARL I O N M E T A L W I T H I I N E - G R A I N O D F E R N T E A N D 

F E N I T E S T R E A K S 

T H E ELLOCT OF W H E E L P I E S S M E ^ M I A U S I N G A D I S T O R T I O N OF T H E G R A M 

OF T H E STEEL U N M E D I A T E L V B E L O W RHE L U N M R I G S U R F A C E OF T H E H E A D OF T H E 

I A I L S H O W N by F I G U R E S N O - 1 ' ) A N D 1 6 T I G U R E N O L O I S A V I E W OF 

T H E S T R U C T U R E M C I O S S S E C T I O N I H E LATERAL FLOW OF T H E S U R F A C E M E T A L 

I S S H O W N M T H I S H G U R E I N A . R O W W I S E D I R E C T I O N . L N E M E T A L Y I E L D S A N D 

FLOWB T O W A R D T H E S I D E OF T H E H E A D T A K I N G T H E P A T H OT L E A S T R E S I S T A N C E 

L O N G I T U D I N A L L Y , T H E T E M L E N . \ R»' T H E S U R F A C E M E T A L TO FLOW I S EFTEC L I V E L Y 

R E S I S T E D T H E G I A M S A N ( L A U E N E D B U T D O N O T S H O W T L O N G I T U D I N A . DRIFT 

F I G U I C N O 1 6 - - H O W S LLU I L A T I I U N G OF T H E G I A M S M E W E D O N A ' O N G I -

L U C L I N A 1 S E C T I O N W H E R E I - T H E L A T E I A L FLOW OF T H E M E T A L T E N D S TO 

D E V E L O P S P L I T H E A D S , M A L O N G I T U D I N A L D I R E C T I O N T H E I N A B I L I T Y OF T H E 

M E T A L TO F L O W , E X C E P T AT THE E X T I E M E E N D S OF T H E RAIL, L C S U L T S M T H E 

I N T R O D U C T I O N OF L R I T E M A L S T R A I N S OF C O M P R E S S I O N , T H E P R E S E N C E OF W H I C H . 

P R O I N O T E S T H E F O R M A T I O N OF T I A H S V C I S E F I S S U R E S I N T H E I N T E R I O R OF T H E 

H E A D WDRERE T H E O P P O S I T E S T I A N I S OF T E N S I O N P R E V A I L 

T H E L O N G I T U D I N A L S T R E A K S M T H E M E T A L OF T H I S RAIL A I E B E L I E V E D T O 

H A V E H A D A D I R E C T I N F L U E N C E O N T H E F O R M A T I O N OF T H E S P L I T H E A D 

E X A M P L E S O F S P L I T H E A D S H A \ C B E E N W I T N E S S E D I N DIFFERENT S T A G E S OF 

D E V E L O P M E N T , A N D I N C I P I E N T S E A M S , H A V E B E E N F O U N D T O C O I N C I D E W I T H 

A N D FOLLOW T H E P A T H S O F I N T E N O R S T R E A K S T H O Q U E S T FOR T H E P N M A I Y 

C A U S E OF T H E P R E S E N C E OF S T R E A K E D M E T A L L E A D S B A C K TO T H E I N G O T 

E F F O R T S TO I N T R O D U C E S T I E A K S I N H E A T OR M E C H A N I C A L M E A N S H A V E B E E N 

U N S U C C E S S F U L C O N V E R S E H T H E N R E M O V A L B Y B E A T OR M E C H A N I C A L 

M E A N S H A S N O T B E E N A C C O M P L I S H E D S U D D E N R P I C N C H M G O F H O T STEEL 

W I L L C A U S E T H E F O R M A T I O N OF T H E R M A L C R A C K S B U T S U C H C I A C K S A R C OF A 

DIFFERENT O R D E R TO T H E S T R E A K S A N D S E A M S U N D E R C O N S I D E R A T I O N T H E S E 

A I E P R E S E N T M STEEL W H I C H H A S C O O L E D S L O W L Y 

M A S S ^ E G I E G A T I O N O A U I S M T H E C O O L I N G OF I N G O T S S H O W N I N T H E 

R H E M I C A L A N A L Y S I S OF T H E M E T A L T H O I E ARE S L A G O I O T H E R N C M M E T A L L I C 

I N C L U S I O N S M DIFFERENT P A R T - - OF T H E I N G O T A N D B L O W H O L E S A R E ALSO 

F O U N D T H E P R I M I T I V E C O N D I T I O N OF T H E I N G O T E X O R C I S E S ITS I N F L U E N C E 

O V E R T H E S T R U C T U R A L S T A T E OF T H E F I N I S H E D RARL T H E L A R G E R E D U C T R O N 

I N S E C T I O N A L A R E A G I V E N T H E M E T A L OF T H E I N G O T O R I E N T S T H E S E S T R U C T U R A L 

C O N D I T I O N S A N D L E A D S TO T H E F O I M A T I O N O F L O N G I T U D I N A L S T R E A K S I N T H E 

I A I L L E N G T H W I S E T H E RAIL T H I S S T R U C T U R A L A I R A N G E M E N T S E L D O M AFFECTS 
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i t s s e r v i c e a b i l i t y I n a c i o s s w i s e d i r e c t u m h o w e v e r t h e c h a r a c t e r 

of t l i e s t r e a k b e c o m e s 1 arr i m p o i t a i i t f a c t o r e s p e c i a l l y w h e n s e i v i c e 

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

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

diU'ei i n t h e i r c h a r g e Leris tn s, e . i f l i v a r i e t y a s s u m i n g g r e a t e r 01 l e s s 

i m p o r t a n c e d e p e n d i n g u p o n t h e s e \ e r i t y of t h e s e r v i c e .sti e s ses 

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

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

t h e m e t a l r- n o t l o s t T b e w e l d i n g of b l o w h o l e ^ m a v b e p a i t i a l , t h e 

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

s t e e l T h e p r e s e n t e of s l a g is a b a r r r e r a g a i n s t w e l d i n g a n i l a t s u c h 

r n c l u - r o n s t h e c o n t i n u i t y o f t h e s t e e l is i n t e r r u p t e d 

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

o i t h e r a i l d i f f e r e n t i a t e t h e p r o p e r t i e s o i t h e s e s t r e a k s W h e n e v e r 

e v i d e n c e is p r e s e n t e d of p e r m a n e n t flow h a v i n g t a k e n p l a c e t h e l a i l 

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

l i m i t o l t h e < t e c l is a c o n t i o i l i n g f a c t o r T l i e r a i l is p r a c t i c a l l y c e r ­

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

T h e l i f e of t h e r a i l m a v h e p r o l o n g e d o i U s t y p e of i a i l m c < h a n g e d b y 

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

s o u n d n e s s b e a t t a i n e d as n e a i l y as t h e a r t of s t e e l m a k i n g p e r m i t s 

A m a r g i n in s t r e n g t h s h o u l d b e m a i n t a i n e d b e t w e e n w o r k i n g l o a d s 

a n d t h e u l t i m a t e r e s i s t a n c e of t h e i a i l in w h i c h s t r u c t u r a l s o u n d n e s s 

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

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

t i o n w e r e e x a m i n e d m c o n j u n c t i o n w r t h t h e 6 0 - p o u n d r a i l w h i c h 

c a u s e d t h e piemen l d o t a i l m e n t F i g u r e N o 1 7 s h o w s t h e c r o s s 

s e r t r o n of a 7 0 - p o i r n d r a i l l o l l e d i n 1 9 0 0 M a r k i n g s of t ire s a m e 

g e n e r a l c h a r a c t e r w e i e d i s p l a y e d a-- t h o s e e x h i b i t e d b y t b o 6 0 - p o u n d 

r a i l F i g u r e N o I S s h o w - , t h e m a r k i n g s o n a 1 0 0 - p o u n d l a i l 1 o i l e d 

i n 1 9 1 2 T b i - . r a i l d e v e l o p e d a t r a n s v e r s e f i s sure i n s e r v i c e T h e r e 

w a s a l s o a n i n c i p i e n t l o n g i t u d i n a l s e a m loc atee l n e a r t h e m i d d l e of 

t h e h e a d h a v i n g a d e p t h of o n e - h a l f a n r n c h A n m c r p r e u t c r a c k 

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

l e a d t o t h e d e v e l o p m e n t of a s p l i t h e a d 

F i g u r e N o 10 r e p r e s e n t s a 1 2 5 - p o u i u l r a i l , rof fed rn 1 0 1 4 T h e 

i n a i k i n g s c a u s e d b y t h e i o d i n e a r e o x a g g e i a t e d i n s i z e T h e d a i k 

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

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

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

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

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

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

r a i l g a v e a l e s s l a v o i a b l e r r n p r e s s r o n o n t h e p h o t o g r a p h i c p r i n t t h a n 
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t h e s t r u c t u r a l s t a t e of t h e -i< < 1 w i n a n t e d T h e m o s t t r u t h l u l m a i k -
m g s a r c t h o s e w h i c h p i e m e n t s f i a i p h d e f i n e d o u t l i n e s , e a s i h r e c o g ­
n i z e d o n t h e rail n > e l f b u t n m d e a i h d i s t i n g u i s h a b l e o n p h o t o -
g r a p h i c p r i n t s 

F i g u r e N o 2 0 is a v i e w of t h o t o p ot t h e h e a d of t h e 1 2 5 - p o u n d T a i l , 

s h o w n i n c r o s s s e c t i o n b y h t r m e \ o 1 9 A h e a v y f in h a d b e e n 
f o r m e d a l o n g t h e g a u g e s i d e of (lu h e a d , t h e lateral H o w ol w h i c h 
a m o u n t e d t o a b o u t o n e - h a l f an n u l l T h e r u n n i n g s u r f a c e o n t h e 
g a u g e s i d e w a s s m o o t h O n the o u t e r h a l f of t h e h e a d t h e m e t a l w u h 
l a m i n a t e d , t h e e d g e s o f w h i c h h a d a n p p l e d a p p e a r a n c e 

F i g u i c N o 2 1 r e p i c s e n t s a n e t c h e d s e c t i o n o f a n e a r l y w r o u g h t -
l r o n lail. of a b o u t 4 0 p o u n d s w e i g h t p e r \ arc! The h e t e i o g e n e o u s 
c h a r a c t e i o f w r o u g h t oi p u d d l e d r r o n rs illustrated m t h i s lail N o t -
w i t h s t a n c l m g t h e a p p e a i a n i e of e t c h e d s e c t i o n s , t h i s m e t a l is k n o w n 
t o p o s s e s s p r o p e r t i e s w h i c h m a k e it p e c u l i a r l y w e l l a d a p t e d f o r c e i -
t a m p u r p o s e s w h e r e a c o m b i n a t i o n of s t r e n g t h a n d t o u g h n e s s is 
r c q u u e d 

T h e p r e v a l e n c e of streak-, m s U e l iarl-, in t h o s e o f different w e i g h t s 
a n d d i f f e r e n t > c a r s ' lulling w a s s h o w rr b y t h e m a r k i n g s w i t n e s s e d o n 
e a c h o f t h e s e c t i o n s e x a m i n e d T h e g e n e r a l results o f t h e e x a m i n a ­
t i o n of rails o f r e c e n t t a b u l a t i o n s h o w a n i m p r o v e m e n t o v e r t h e 
e a i h e r rails i n r e s p e c t to a d i m i n u t i o n m tire n u m b e i ot s t i e a k s 

T h e u n e s t i g a t i o n of t h e (>i)-pound ia.il i n c l u d e d m e a s u r e m e n t s ol 

t h e i n t e r n a l strains m tin M< el w n h c o n c s p o n d m g m e n s i n e m cut-, o n 
t h e c o m p a n i o n s e c t i o n - ol ilie h e a M e r rails w i n c h h a v e b e e n s h o w n 
in t h e e t c h e d c r o s s suti'iiis l i g u r e N o 2 2 s h o w s t h e s t r a i n s a n d 
c o r r e s p o n d i n g sLresses i m a g i n e d it p l a c e s i n d i c a t e d b y t h e s h a d e d 
s e c t i o n s , w h e n strrps w u e c h t a c h e d f i o m t h e b o d y o f t h e rail T h i s 
s e c t i o n w a s t a k e n f i o m t h e I o n r u g e n d of t h o rail j u s t b e y o n d t h e 
p o r t r o n c o v e r e d b y t h e s p h u b a r s T h e i m m e d i a t e s u r f a c e a t t h e 
t o p ot t h e h e a d w a s s h o w n t o h a v e a c q u u e d v c r v g r e a t h a r d n e s s It 
w r a s difficult to tile ^ u i l u e m e t a l h a d to h e r e m o v e d w r t h a n e m e i ; 
w d r e e l to p e r m i t chilling the l e f c r e m e h o l e s w h i c h d e f i n e d t h e l i m i t s ot 
t h e 1 0 - m c h g a u g e d l e n g t h lot a t c d on t h e n m u r n g s u r f a c e T h e initial 
c o m p r e s s i o n at t h e t o p ot t h e h e a d , 1 8 <-)()0 p o u n d s p c i s q u a r e i n c h , is 
a t t r r b u t e d chiefly to t h e c o l d - i o l l m g a c t i o n of t h e w h e e l s 

T h o i n t e r n a l strains? i n t h e f l a n g e s o f this s e c t i o n w e r e l o w e i t h a n 
u s u a l less t h a n t h e n o r m a l l a t e of c o o l i n g m f a b r i c a t i o n w o u l d b e 
e x p e c t e d to l e a v e m t h e steel It is b e l i e v e d t h a t s e r v i c e c o n d i t i o n s , 
o r t h o s e a t t e n d i n g t h o d e r a i l m e n t , w e r e r e s p o n s i b l e for t h e s e l o w 
v a l u e s R e s u l t s m o r e n e a i l y n o r m a l w e r e f o u n d i n a s e c t i o n t a k e n 
f i o m t h e m i d d l e of t h e l e n g t h o l t h o rail, s e l e c t i n g a p l a c e w h e r e t h e 
r a i l h a d l e t a m e d its s t r a r g h t n o s s l u g u r e N o 2 3 s h o w s t h e results o n 

this s e c t r o n T w o strips w e r e t a k e n f r o m t h e t o p of t h e h e a d T h e 
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STUP HORN THE GAUGE SIDE SHOWED 11,700 POUNDS PEI SQUARE INCH 
COMPRESSION THAT FROM TLIE OUTRIDE SHOWING 20,400 POUNDS PER SQUARE 
INOLI 
THE RELATIONS BETWEEN TBE INTERNAL STRAINS AEQUUED BY THE STRIPS 

FROM OPPOSITE SIDES OF THE HEAD ARC APPARENTLY INFLUENCED B\ THE 
NGRDRTY OF THE -LEEL IN CASES WHERE THE HEAD MAINTAINS ITS SHAPE SUB­
STANTIALLY UNCHANGED THE INTERNAL STRAINS SHOW LESS VARIATION THAN 
IN THOSE RAILS WHERE A DECIDED LATCIAL FLOW TAKES PLACE ALONG ONE EDGE 
LOWER VALUES ARE COMMONLY SHOWN BV THE STRIPS TAKEN FROM THE SIDE 
ON WHRTLI LATERAL FLOW IS MOST PRONOUNCED 
FIGURE NO 24 SHOWS TTIE RNTCRNAL STRESSES M THE 70-POUND RAIL THE 

ETCHED SECTRORR OF WHRCH WAS SHOWN BY FIGURE NO 17 
FIGURE NO 25 SHOWS THE STRESSES WHICH WERE PRESENT M AN 85-

POUND RAIL A HIGH STATE OF INTERNAL STRAIN WAS FOUND M EACH HALF 
OF THE TOP OF THE HEAD CONCERNING THE STRAINS IN THE FLANGES RT IS IN­
FERRED THAT THE FLANGE ON THE GAUGE &IDC HAD BEEN LOCALLY DEFORMED, BY 
REASON OF WHRCH RT WAS LEFT M A RURAL STATE OF TENSION, INSTEAD OF COM-
PICSSION, THE NORMAL STRAIN DUE TO COOLING 
FIGURE NO 26 ILLUSTRATES THE STRESSES M A 100-POUND RARL, ORRE in 

WHICH A TRANSVERSE FISSURE HAD DEVELOPED M SERVICE TIRE SHAPE OF THE 
HEAD WAS NOT MATERIALLY DISTORTED THE INTERNAL STRESS WAS HIGHER 
ON THE GAUGE SIDE THAN ON THE OUTSIDE OF THE HEAD 
FIGURE NO 27 REPRESENTS A 125-POUND RAIL, THE ETCHED CROSS-SECTION 

OF WHICH WAS SHOWN BV FRGNRE NO 19 AND A VRCW OF THE LMINING 
SURFACE BY FIGUIE NO 20 THE INTERNAL STRESS RN THE STRIP FROM THE 
GAUGE SIDE IS SEEN TO HAVE ONLV ONE-THRRD THE \ALUE OF THAT FIOM THE 
OUTSIDE OF THE HEAD THE INFLUENCE OF LATERAL FLOW IS BELIEVED TO BE A 
FACTOR IN THE DIFFERENCE RN STRESSES HERE DISPLAYED 
FIGURE NO 28 SHOWS THE INTERNAL STRESSES M A 125-POUND RAIL TAKEN 

FROM A CURVE THE LOW VALUES M THE STRIPS FROM THE TOP AND THE 
GAUGE SIDE OF THE HEAD WTRLL BE NOTED AT AN RNTERMEDRATE STAGE M THE 
MEASUIEINONTS THERE WTAS A SIR AM AT THE TOP OF THE HEAD CORRESPONDING 
TO 6,600 POUNDS PEI SQUARE INCH TENSION IN CUTTING UP THESE SEC­
TION-,, THE REMOVAL OI SLNPS FROM ONE PART OF THE CRESS-SECTION DIS­
TURBS THE RELATIONS OF THE STRAINS M THE LEMAINRNG PARTS, MET EASING 
THE PUMITIVC STRAINS IN SOME CASES OR, AS HERE SHOWN, RE\ERSMG THE 
STATE OF STRARN 
IN TAILS WHICH ARE EXPOSED TO CONSIDERABLE WEAR THEI E RS NECESSARILY 

A GRADUAL CHANGE RN THE RELATIONS OF THE INTERNAL STRAINS ACCOMPANY­
ING THE CHANGES IR CIOSS SECTION THE STRAN S OF TENSION M THE LNTE-
RROR OF THE HEAD MUST URDEIGO CHARGES IN LOCATION CORRESPONDING TO 
THOSE PARTS OI THE BXVD WHICH AI E M C OMPRESSION THIS FEATURE MAY 
BE EXPECTED TO HA\E AN RNFHRENCE ON THE LITE OF THE IARL, RN THE DEVEL­
OPMENT OF FATIGUE FRACTURES THE REDUCTION RN AREA OF THE RARL \VOULD 
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ALSO CHANGE ITS SECTION NIODULU- AND INCREASE THE MAGNITUDE OF THE 
FIBRE STRESSES DUE TO BONDING LOACH 
FIGUIC NO 29 --HOWS THE MUM IL STIE-SES M A REW 125-POUUD IAIL 

THIS IAIL COOLED NOIMALH ON THE HOT BED AS HERE SHOWN, THO COOL­
ING STRESSES M NEW" RARL AIE NONNALL\ LESS M THE HEAD THAN IN THE 
FLANGES THE STIESSES M TIN HE ID ATTAIN A STATE OF ASCENDENCY, AFTEI 
THE RAIL REAC HES THE TIACK DM TO THE C OLD ROLLING OF THE WHEELS LON­
GITUDINAL SHEARING STIANIS AN MCOSSANH SET UP M THE METAL OT THE 
BASE WHEIE OPPOSING STIANIS OL TENSION AND COMPRESSION ARE PRESENT 
M JUXTAPOSITION THE SUM MUST ALSO BE TRUE M IEXPECT TO THE 
HEAD WHERE THE REACTION OL TLU EXTENOR STIAMS OF COMPRESSION IS 
TAKEN UP by INTERIOR STRAINS OF TENSION IT FOLLOWS THAT AN RN CREASE 
M COMPRESSIVE STRAINS AT THE NNINING SMFACE OF TIRE HEAD FACILITIES 
THE FORMATION OF TRANSVERSE INSURES AND LENDS ALSO TO CAUSE LONGITU­
DINAL SEAMS? BOTH BEING DIN < TL\ UIGMENTED BY THE WHEEL PIESSMES 
FIGUIE NO 30 ILLUSTRATES THE STATE OF RNTOMAL STIAM WHICH WAS 

FOUND M AN OLD WROUGHT-NON RAIL VLONG THE TOP OF THO HO?D, STRESSES 
OF COMPIOSSION WERE PIESENT WINCH REACHED THE VALUE OF 24,920 
POURRDS PER SQUARE RNCH ONE LLANGE WAS IN A STATE OL COMPRESSION, 
THE OTHER M A STATE OF TENSION THE STRAINS EXHIBITED BY THE STRIP 
FIOM THE TOP OF THE HEAD W 111 TLU HIGHEST OBSERVED M THE PRESENT 
SEIIES OL MEASUREMENTS THE STRAINS AT THE IMMEDIATE TOP WERE 
EVEN HIGHER THAN THE F URINES NPIESENTMG THE AVERAGE VALUE FOR THE 
STRIP THRS WAS MADE LPPAIENT BV THE STNP ASSUMING A CURVED 
SHAPE WHEN DETACHED CONVEX ON THE SIDE OF THE RUNNING SIRRTACC, 
THE DEFLECTION OF WHICH W I- 0 22 INCH MEASURED ON A CHORD OF 12 
NICHES 
THE PERMANENT CHARACTER OT INTERNAL STRAINS IS WELL EXEMPLIFIED 

RN THIS CAILY RARL SEVER IL DECADES HAVE DOUBTLESS ELAPSED SINCE 
THESE STRAINS WERE MTIODUUD 
THE SHAPE OF THE HE'D OL THE WROUGHT-IRON RARL RS FAVORABLE FOR 

ACQURRMG AND LETAMMG A HIGH STATE OF INTERNAL STRAIN THE WRHEEL 
LOADS, WHICH IT RECEIVED WEIE NO DOUBT VERY LOW M COMPARISON 
WRTH THOSE OF THE PRESENT TIME EXPERIMENTAL TESTS ON A NEW STEEL 
RARL, PREVIOUSLY REPORTED, HAVE SHOWN THE ACQUISITION OF HIGHER SUR­
FACE STRAINS BY THO LOWEI WHEEL LOADS THE DEPTH OF PENETIATION, 
HOWEVER, DEPENDED UPON THE MAGNITUDE OF THE LOADS, A GREATER VOL­
UME OF METAL BEING AFFECTED AS THE WHEEL LOADS ARE INCREASED THE 
VOLUME OT METAL AFFECTED IN THE WHEEL LOADS MUST BE TAKEN INTO CON-
SIDCIATION, AS WELL a s THE INTENSITY OF THE INTERNAL STRAINS INTRODUCED, 
IN JUDGING OF THE EFFECT OF WHEEL PRESSURES IN PROMOTING RUPTURE OF 
THE RAIL 
SUPPLEMENTARY TESTS WORE MADE ON TWO SECTIONS OF THE 60-POUND 

RAIL, FOI THE PURPOSE OF ILLUSTRATING THE CHANGES M THE RNTCII AL STRAINS 
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which may he accomplished by bending loads, independent oi" the 
cold lolling action of the wheels One section was bent clownwaid 
that is , with the head on the concave side stiammg the flanges in a 
tensile direction The flanges were left in a state oi initial compres­
sion The lesult of giving the rail a slight permanent set m this 
direction was uncertain, on account of doubts attaching to the mag­
nitude of the primitive stiams The second section was bent upw ard, 
that i>, with the head on the convex side stunning the flanges in a 
compiessive direction This hendmg resulted m a reversal of the 
pimntn e stiams, the flanges being changed to a hnal state of tension 
It was thus shown that the normal strains of compression m the 
flanges may be ie\ersed and tensile strains introduced by cold 
bending, although tho permanent set given the lad rs of slrght 
amount Tho sketches herewrth, rn whrch the curvature appears 
very much exaggerated show the stresses whrch weie present m the 
opposite flanges of each section aftei the bending loads were applied 
and released 

Head h&nt down ward 

LBS OOOO LB3 

Compression /n f/an<?e-5 

Head bent upwa rcj 

5-400 LBS 3300 

Tension tn ffange^ 

A tabular statement of the results of the measurements of the 
internal strains and stiesses follows 
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Tadi/d N o I — l n d t < d stresses m steel tails 

[Stre^ea pounds per square mcli corTec.]iondini, ro measured strim-. ( ompre'-snc strisit-i m ordinal t 
faced ti pe Jcr ill sini e-, inhery. faced t\pe J 

No 
Of jCC Description 

60 pound CimljriarjiJ.rolIea 
March, 1887 
Section taken mar Icja 

ing end 
Seal ion taken near mid 
die of Icnfctli 

70 pound rail "Camhrii TO 
lbs No 5̂ 9 1100 III 

85 pound rail "P « 
Illinois" 

100pound lail "Oil luun 
I 8 (o Gaij III1IITIIIII 
1912" 

125-pound rail "PS1914IX 
125 pound rail High m l on 
curie 

125poundrail Isewml 
40 pound rail hath wiou^lit 
iron rail 

60 pound Camliru rail bent 
dovnw ard 

OO-poiinJ Cambria rail hen 
upward 

Head Base 

W e b Middle 
Side Top Side Flange of Flan go 

width 

i 000 IS 900 900 900 300 1, 200 

11 "00 20,400 l>, 600 900 8,400 

Id 200 J 
b, 900 4 800 7 800 

1= GOO 21, 000 
! 
1 4 800 1,100 8,100 

k 900 12 600 5 700 6 100 S,400 
i 700 17 700 14 100 2, 700 12,000 

4 2M> 000 11,400 2,700 11 400 14,400 
1 K J 100 1 200 J, 600 r.joo 3 600 7 200 

24 920 4, 760 1 0BO 

2 400 3 000 

> 100 3,900 
L 

The results of t hemic al ;inah --es and tensile tests upon three of these 
rad sections appear in tables Nos 2 and 3 

Iabif _\o _ — C h e m i c a l analysts of rails 

No of 

fclOri 
Dc-ci ] U'jJ 

fiO-pound Ltunbna rail rolled Mini] \t-b~, 
Head 
W e b 
Bax, 

70-pound rail ' Cwnliri 1 ""' II N" i i • v m I I I " 
Heal 
Web 
Ease 

125 pound rail ' T S 1'UiIV 
Hi aj 
W eh 
1-ij.se 

0 421 
472 
431 

0 Eo 0 132 0 088 
89 I 168 112 
S7 i 13" 

48 OS OSS 
Fi& 1 02 129 
40 98 088 

037 
019 
036 

80 1 18 026 021 
92 I 6J | 030 026 
SO o S \ 024 021 

0 083 
083 
053 

09 f> 
115 
ooa 

no 
n-i 
no 
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T A K I i N o ^ — F i n n i c U^tt* andhor'Inc^ dcloifmofiorii. on Iott</iLud\riul ^/w tuner/sporn 
heoch oj * mh 

N o or 
sec 
lion 

Description 
M a " I it 
limit 
per 

squire 
inch 

Ttrisik. 
i ICllfelll 

per 
square 
inch 

Klongi-
tiori 

I ontiat 
11011 OI 
area 

\ppeir 
ance of 
fracture 

Hnnel' 
har L 

1 60-pouiHl C ainbn* nil rolled Mirch 
Pntindv 
50, J00 
51 140 

Pit IIHlS 
102 000 
101,300 

Pvr cent 

b 

Per cut 
S 2 
S 

Cnnul ir 
do 

203 

"0 ] loiiml rail ( amlinaTOlbs N o J31 
1900 III ' 

bo ^70 102 OoO J 2 2 do 242 

0 125 pound m l ' lJ s 191-1IX ' -)9 400 130 000 11 Id do 271 

Kail failures are usually traceable to definite causes upon which 
the rads themselves furnish reliable evidence The fractured sur­
faces are the written pages upon which the data aie lccorded The 
incipient point of rupture, whether located m the head m the web, 
or rn tlie base the progiessrve development of fatigue fractures, 
referring to ttic tvpe of transverse fissuies, the direction in which 
the fracture traversed the cro&s section of the rail distmctrve marks 
drlTercntiatmg primary and secondary hues of rupture all of these 
features are commonly shown by the fiactured surfaces 

In the examination of a fractured rail, interest primarily renters 
upon tbe metal at the immediate point of origin At this place the 
structural state or physical properties of the steel or the c onditrorrs 
of seivicc reach a maximum and become responsible for rts failuie 
The failure of the present rail was undoubtedly precipitated by the 
seamy state of the metal rn tho head The steel was ot medium hard­
ness rn respect to its chemical composition Wheel loads had not 
distorted the general shape of the head except at the broken section 

Repeated impulses along different elements of the head, their paths 
varying ac c oi ding Lo the lines of c orrtac t made by wheels of different 
contours of thie ads had effected a hardening of the surface metal 
covering a width oi 2 ruches 

Internal strams were introduced, amounting to many thousand 
pounds compression, measured in the direction of the length of the 
rail Lateral flow had taken place m the metal next the top of the 
head, shown at the surface by a flattening of the grams, and necessarily 
exerting an effect on the inteiioi metal Under the influence of 
lateral flow, it is believed that an incipient ciack was started m the 
interior of the head, this effect reaching some hue ot structural weak­
ness, or place wheic the continuity was interrupted bv a slag 0 1 oilier 
seam 
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V measurable increase m the w ulth ol the head m rails -which have 

otherwise maintained then pimutive shape, commonly signifies that 
a seam is in progress m tho intoiior Very solt rails may show in­
crease m width without a -pht head necessarily being in process of 
development The deloimauon may be confined to tho formation 
of a fin along the side of the hi id The detection of a split head m 
the very earliest stage of its de\ ( lopment does not appear feasible 
In its more ad\ anced stage tlu general increase m width of the head, 
or droop at the undei suh ui 1 drseolorod line along tho imining 
surface, aie the leeogmzrd indications of tho piesenee of a split 
head By reason of the difficulties attending the detection of a split 
head before it has reached ui advanced stage, and the possibility of 
enor in judgment m inter pi oting the significance of the fiist \isible 
indications, oveiy effoit should be made to eliminate the presence 
ol streaks from the steel 

The sequence of tho passe- m the rail mill, in the reduction of tho 
bloom, is shown to be fa\oiabli m respect to the modification of the 
form of the streaks, which aie located m the differ:ent parts of tho 
cioss section of the finished i ul The streaks have an aoicular forraa-
trorr in the more critical ji 11K of the head and the base, one which 
probably minimizes then rntluenc e m leading to split heads and some 
kinds of base fractures I hi draft of the rolls con veils these aoicular 
hues into seams of oonsidei ild< w ulth in themotal of the web and at the 
junction of the web with the lie ul and the base Structurally, these 
seams are more detriment il than the acicular hues, but they are 
located, fortuitously though it may he, where therr presence rs neldoni 
felt 

A careful examination of the metal at different stages fiom the 
mgoL to the finished r ul is essential for a thorough exposition 
of the subject of streaks Blowholes and shrinkage cavities disap­
pear from view m the caih* passes of the blooming mill Slag or 
other nonmetalhc mclusrons, found in globular form m the ingot, arc 
drawn into aoicular lures rn the finished rail, modified m shape at tho 
web, as above stated Regions differing m chemical composition 
from tho suiroundmg metal appear as bands of vaiying width and 
thickness These structural variations aro frequently of such an 
order that the results of chemical analysis do not adequately indicate 
tho state of the metal Drilhngs for chemical analysis taken at a 
stioak are so drluted by the surroimdmg motal that the character­
istics of the streak are obscured [f the seammess rs due to an rncom-
pletelv welded blowhole, structural rather than chemical manifesta­
tions should be looked for Microscopic exammation offers a prom­
ising method of test in this connectron 
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All rails aie subjected Lo internal steams, which are not negligible 
factors, as the magnitude of their values indicates If it were feasible 
to furnish iails initially tree fiom internal slrams thev would not 
remain so The cold 1 oiling of the wheels in the tin civ piomptlv 
introduces stiams at the 1 mining sulfate of the head No giade of 
steel has been examined which has re-isted this action of the wheels 

Another feat me ma\ be mentioned m connection with the intro­
duction ot lutcinal sti ains and whn h U'MilUiiom the apphc ation of 
OA ci'str.unmg loads ft has leteicnc e to tin1 nupaument of the primi­
tive \alues of tlie elastic limit both in tension and in compression, 
and lias an influence upon what might be teimed the state of ŝatu­
ration of the steel foi internal strains An o\eistiaimng load in either 
tension or icvmpiewon has been lound to lowei the elastic limit of 
the steel in the opposite dneotion In a< (|ui[ingliii(hei infoimatioii 
upon the phases thiough whn h the met al passes m 1 EAT lung inpl are 
this feature will leqiuie < onsidci ation 

Theie was a notable chffcienc e in the behavior ol the --tuns which 
weie detached fiom the head of I2Vpound rail No 0 The strip 
fiom the gauge side of the top of the head is^umed a cum ave shape 
while that fiom the out=ido sprung into A L O I N E X shape each with 
reference to the 1 mining suiface liotli --tups showed a mean state 
of compression as previously stated 'I he springing of a strip into 
a oui ved shape rs evidence that tho mten-it\ of the inter rial strains 
is variable, changing at different depths from the surface It fur­
ther appears, in the I ase of these two stnps, that the eh tinges ni one 
were in leverse oidei to tho-^c of the other thrs reversal occurring m 
passing fiom the gauge side to the outside of the head a distant e less 
than three inches These and othei variations witnessed m lails, 
after a tenn rn servrce stand as records of what has o< eurred m the 
track, and furnish a partial answei to the query sometimes made 
why all rails do not fail when some do The peimanent lecord 
found m the rails themselves shows that they have not all been 
strained alike 

In conclusion it appeals That the failuie of the rail which led to 
the picsent derailment was caused by a -pht head 

That the split head resulted fiom a condition ol streaked and 
seamy metal, 

That mgot condition-- were lcsponsible for this stieaky slate, 
That warning wih given of the development of the liactuie bv a 

decided mciease m the width oi the head pnoi to the time of dei ail­
ment, and that such warning called foi the iemo\al of the rail from 
the track 
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14 1 N 1 E R I S T \ T 1 C O M M I I I C E C O M M I S S I O N 

S L M M A R Y 

Tins iail failed by dc\ doping a split head, winch it displayed 
after a term ot servrce of ihnul 50 ye ais Seammess of the metal 
led to tho failuie a condition which had undoubtedly prevailed 
during this long interval oi rime 4 I U c seammess oi this kind origi­
nates in a condition of the ingot from which the rail is 1 oiled It 
can not be stated when sepai itinn of the metal first occurred nor 
the rate of piogiess of the M M I U which finally separated tho head 
into hah. es The rate ot I uension of the seam was probably an 
accelerating one dunna; a < 1 1 1 un stage oi its formation, although this 
accelerating rate of extension ma} not necessarily have continued 
up to the time of final i iu tu ie Tlie smooth, battered surfaces, of 
tbe split head indicate that the iail had existed substantially in the 
state oi its final condition foi soi 'e little time before the iracture 
was i ompleted 

"Wheel pressines tend to mciease the wrdth oi the head of the 
rail, and when tlie effects nl sin li pressures penetrate a sufficient 
depth and encountei a -tu ik ot M M I I I m tlie steel, an oppoitututv 
i1- offered for the comnu in ern nt ol a spirt head 

Y\ heel pressures < ,iiis( D i H udenmg oi the steel in this rail at the 
limnmg surface it was -.upiihfid but \e i \ haid at the immediate 
suiface oi the head The JI it n nn'ii of the grams just below the 1 1 in­
ning sulfate is shown bv tin photomicrographs Then was evidence 
ot lateral flow but no drift it i longitudinal direction 

Tlie seamiuess oi the stec 1 AS I - drown on polished and etched sec­
tions Cross-sect ions of tin iail shoved these markings as dots and 
dioit lines on a longitudm ll s t ( iron the\ appeared as stieaks The 
report c .ills attention to the ibfleience in the foimation of these 
stieaks m different parts NF rl , r ul In the upper part ot the head 
and the lower part of the H W rjie\ are needle shaped, or aercular 
In the web and at the jinx nmi of the- web w ith the head and tbe base 
these ncedlclikc streaks an> < N N \ e r t e d into seams ol considerable 
waclth Plus chniiac in loinuuion is due to the draft of the rolls rn 
the iail mdl Stiuctuialh the seams are more menacrng to the 
mtoarit\ of the steel than aie the acuulai lines Fortunateh how­
ever, the wider seams ire located in such puts ol the rail th.it their 
piesence is seldom felt oi disclosed In cutting up iail sections toi 
examination the machine tools aie frequently bioken when a seam 
is reached which clips ,n\ av from the tool cut sbowiru the tendency 
of steel to spht along the plane of a seam 

The examination of iails of chfTeient weights anil of different ye ais 
output shows the pievalenct oi stroakeclness m some degice m most 
rails \ c ompai ison of iails of eailv tabiic at ion w ith those of cuiieiit 
manutaetuic is 1 adorable fc>r those winch are beirm made at the 
piesenl tune 
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Measurements weie made id the mlcinal strains m the iail which 

caused the present dei ailment, also those which weie in other iails 
taken tiom ihe tiack Service conditions intioduce strains into all 
grades of steel and oi all weights and t\pes of rails Tlie "values of 
these stiams amount to man\ thousand pounds per square inch, and 
they are permanently retained in the metal, in viought uon as well as 
in steel. An old wiought-non rail w inch was c v.am med, displayed the 
presence of strains which had probably been locked up in tbe metal 
upward of 40 "veais Thp be internal stiams may be modified by track 
conditions, and the stale ol internal strain of a rail, wdien properly 
mteipreted is a reliable index of wdrat occuiied m the track preced­
ing the time of the examination 

The range m \alucs of the internal stiams witnessed in iails fiom 
the track rs significant They stand as permanent lecords for what 
has taken place, the summation of fabrication and track conditions 

In the light of present knowledge it is impracticable to detect a 
split head m its earliest stage of development Incipient seams arc 
found in rails rn whrch the metal is separated hardly the thickness 
of a sheet of pipei, vet the seam may have extended one-half inch 
oi more m depth It is not until the width of the head has increased 
a noticeable amount that the presence of the split head admits ot 
being detected irr the track Peiccptible increase m the width, a 
droop at the undci side of the head, and a daik streak along the mn-
iiing surface cons tr lute the visible c^ ideuce of a split head, all of wine h 
indications manifest themselves late m the development of the fiac-
tuie [_ nder these arc umstances it is necessary to exeic i-e the 
utmost vigilance in track inspection The difficulties of detecting 
an incipient crack emphasize the importance of eliminating streaked-
noss fiom the steel as iar as the art of steel making renders it possible 

Respectfully submitted 
H W B E L N A r , 

Clnef, Da is'on oj Safety 
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