
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 . 

REPORT OF THE CHIEF OF THE BUREAU OF SAFETY COVER-
^ ING THE INVESTIGATION OF AN ACCIDENT WHICH OC­

CURRED ON THE CENTRAL OF GEORGIA RAILWAY, 
NEAR JUNIPER, GA., ON OCTOBER 30, 1917. 

M A Y 2, 1918. 
To the Commission 

On October 30, 1917, there was a derailment of a passenger train 
on the Central of Georgia Railway near Juniper, Ga , which resulted 
m the injury of 33 passengers and 4 employees After investigation 
I beg to submit the following report 

The Columbus district of the Southwestern Division, on which this 
accident occurred, is a single-track line extending between Columbus 
and Fort Valley, Ga , a distance of 72 miles, over which trains are 
operated by time-table and tram orders, no block system being in 
use By time card rule passenger trains must not exceed 50 miles an 
hour 

The track is laid with 80-pound steel rails, 33 feet m length, with • 
17 or 18 pine and cypress ties under each rail, ballasted with 12 oi 15 
inches of rough slag, and well maintained 

Eastbound passenger tram No 4 consisted of locomotive No 1609 
1 combination mail, express, and baggage car, 2 coaches, and 1 
Pullman sleeping car, in the order named, and was in charge of 
Conductor Harrington and Engmeman Taylor It left Columbus at 
10 52 p m , 42 minutes late, en route to Macon, and was derailed at 
about 11 35 p. m , at a point about 1 mile east of Juniper, or about 25 
miles east of Columbus, while running at a speed estimated to have 
been about 40 miles an hour 

The rear trucks of the tender and the combination car were de­
railed and ran along close to the rail for a distance of 528 feet. The 
three rear cars became detached from the remainder of the tram, 

( were torn from their trucks and rolled down the embankment to the 
left of the track, remained coupled together, and lay on their left sides. 
The forward end of the first coach was 294 feet east of point of derail­
ment and 30 feet from the track, and the rear end of the sleeping car 
was 30 feet from point of derailment and 35 feet from the track. 
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O N ACCOUNT OF THE CARS BEING OF ALL-STEEL CONSTRUCTION THEY WEIE NOT 
SERIOUSLY DAMAGED T H O TRACK WAS TORN UP FOR A DISTANCE OF ABOUT 
200 FEET, MAKING IT NECESSARY TO USE 14 NEW LAILS AND 150 NEW TIES IN 
MAKING LEPANS FIGURE N O 1 IS A GENERAL VIEW OF THE DERAILED T I A M , 
LOOKING EAST 

APPROACHING THE POINT OF DERAILMENT FROM THE WEST THERE IS A 1 ° 45' 
CURVE TO THE LOFT, 1,000 FOOT IN LENGTH, THEN A TANGENT ABOUT 4 MILES 
IN LENGTH, THE DERAILMENT OCCURIMG A LITTLE OVEI A MILE FROM THE WEST 
END OF THE TANGENT, ON AN 8-FOOT FILL, AND ON AN ASCENDING GIADE OF * 
0 85 PER CENT T H E WEATHER AT THE TIME WAS CLEAR 

E N G M E M A N TAYLOR STATED THAT HIS T IAM LEFT COLUMBUS AT ABOUT 
10 55 P M , PASSED JUNIPEI AT A SPEED OF ABOUT 30 MILES AN HOUR, AND 
WAS PIOCEODMG AT A SPEED OF ABOUT 40 MILES AN HOUR WHEN HE FELT THE 
LOCOMOTIVE JOLT AS THOUGH IT HAD STRUCK SOMETHING ON THE RAIL H E 
IMMEDIATELY SHUT OFF STEAM, APPLIED THE AIR BRAKES, AND UPON GOING 
BACK FOUND THAT THE LAST THROO CARS OF HIS TRAM WERE COMPLETELY 
DERAILED AND THE REAR TRUCKS OF THE BAGGAGE CAR AND TENDER WERE ALS% 
DERAILED H E SAID HE EXAMINED THE TRACK AND FOUND A BIOKEN RAIL 
ON THE NORTH SIDE OF THE TRACK, WHICH IN HIS OPINION CAUSED THE DERAIL­
MENT H E SAID HE HAD PASSED OVER THIS SECTION OF TRACK ON SEVERAL 
OCCASIONS, THE LAST TIME ABOUT 3 25 P M ON THE DAY OF THE ACCIDENT, 
BUT NOTICED NOTHING WRONG WITH IT 

CONDUCTOR HARRINGTON STATED THAT HE HAD NO WARNING PRIOR TO THE 
DERAILMENT, AND UPON EXAMINING THE TRACK HE FOUND A BIOKEN RAIL 
ON THE NORTH SIDE OF THE TRACK H O THOUGHT THE SPEED OF HIS TRAM AT 
THO TIME WAS ABOUT 40 MILES AN HOUR 

SUPERVISOR WATSON STATED THAT HE WAS RIDING ON TRAM N O 4 AT THE 
TIME IT WAS DERAILED, EXAMINED THE TRACK AFTER THE ACCIDENT, AND FOUND 
A BROKEN RAIL H E SAID THE RAIL WAS LAID I N THE TRACK M 1905 AND HAD 
REMAINED THERE UNTIL IT BROKE H E STATED THAT THE FOREMAN M CHARGE 
OF THE SECTION WHERE THE DERAILMENT OCCURRED HAD 10 MILES OF TRACK 
TO MAINTAIN, ASSISTED B Y SIX TO NINE SECTION MEN, AND HE CONSIDERED 
THE TRACK AT THAT POINT I N FIRST-CLASS CONDITION 

INVESTIGATION DEFINITELY DEVELOPED THE FACT THAT A BROKEN RAIL WAS 
THE CAUSE OF THE ACCIDENT, AND AN INVESTIGATION TO DISCOVER THE CAUSE 
OF ITS FAILURE WAS CONDUCTED B Y MR JAMES E HOWARD, ENGMEER-
PHYSICIST 

ACKNOWLEDGMENT IS MADE OF THE COOPERATION OF MR A P WELLS, 
ENGINEER OF TESTS, AND OTHER OFFICIALS OF THE CENTRAL OF GEORGIA KAIL- ' 
W A Y , D R J E HARRIS, CHIEF CHEMIST OF THE TENNESSEE COAL, IRON & 
RAILROAD CO , MR W R SHIMER, METALLURGIST OF THE BETHLEHEM STEEL 
CO , AND MR J T WALHS, GENERAL SUPERINTENDENT OF MOTIVE POWER, R 

PENNSYLVANIA RAILROAD CO , M THE INVESTIGATION OF THIS MATERIAL 
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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 

The rail which caused the derailment of tram No 4 was an 80-
pound rail, A S C E section, upon which there was no brand mark, 
but which from evidence acquired is believed to have been rolled 
about the year 1905 and placed m the track soon thereafter It was 
located on the north side of the track At the time of derailment 
it broke into a number of fragments, of which 15 were recovered 
There were nine principal fragments, the longest 9 feet 6j inches at 
the receiving end, the shortest a few inches long at an intermediate 
part of its length The derailed cars passed through the opening 
which was made in the track by the displacement of these frag­
ments 

Thê failurc of the rail was due to the presence of transverse fis­
sures, eight bemg displayed m the different fragments of the head 
The fissures were in different stages of development, ranging m size from 
one-eighth inch diameter to If inches diameter They progressively 
increased m size from the easterly end to the westerly end of the rail 
Two of the fissures had enlarged from their interior nuclei and reached 
the side of the head on the gauge side of the rail The surfaces of 
these fissures were dark colored The other fissures had not reached 
the periphery of the rail and therefore presented bright surfaces, 
having a silvery luster, when exposed to view following the derail­
ment All were located on the gauge side of the head or over the web 

In the examination of the rail which followed, the several fragments 
were inspected noting the directions m which the lines of rupture 
traversed the rail, the location and size of each transverse fissure, 
photographing four of them, and sketching the places of the ties 
which were located m the vicinity of the transverse fissures Sub­
sequently, the metal of each of thiee fragments was planed off on 
one side of the head, and the top of another fragment, in quest of 
additional fissures which had not been revealed at the time of the 
derailment There were none of sufficient size present to admit of 
being discovered by this somewhat cursory examination The in­
ternal strains were measured in sections taken from fragment No 1 
from the receiving end of the rail, the results showing strains of com­
pression next the running surface, and strains of tension m the inte­
rior of the head Strains in the flanges of the base were measured on 
sections of the rail over and between ties 

Chemical analyses were made of the metal of the head, m close 
proximity to the largest and to the smallest transverse fissure Mi­
croscopic examinations were also made of the metal in the vicinity 
of and at the edge of one of the fissures/ on both longitudinal and 
cross sections Photomicrographs were made of the metal which 
included those showing the distortion of the gram of the steel next 
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THE RUNNING SURFACE OF THE HEAD WHERE IT HAD BEEN AFFECTED BYJTHE 
WHEEL PRESSURES T H E GENERAL APPEARANCE OF THE RAIL, NATURAL SIZE, 
REDUCED FOR REPRODUCTION HEREIN, WAS SHOWN ON A CROSS SECTION WHICH 
WAS POLISHED AND ETCHED WITH TINCTURE OF IODINE TENSILE TESTS WERE 
MADE OF THE METAL TAKEN FROM THE GAUGE SIDE OF THE HEAD, NEAR THE 
CENTER OF THE HEAD AND ON THE OUTSIDE, COMPLETING THE EXAMINATION 

T O THESE RESULTS SOME NOTES ARE APPENDED UPON THE DEVELOPMENT OF 
A NUMBER OF SHEARING FRACTURES WITNESSED M OTHER RAILS, NOT INVOLVED * 
M THE PRESENT DERAILMENT CONFUSION HAS EXISTED CONCERNING THE 
CLASSIFICATION OF TRANSVERSE FISSURES, M DIFFERENTIATING THEM FROM CER­
TAIN OTHER TYPES OF RUPTURE WHICH ARE AT TIMES ASSOCIATED WITH THEM -
T H E EXAMPLES OF SHEARING FRACTURES PRESENTED HEREWITH REPRESENT A 
CLASS OF FRACTURES WHICH ACCOMPANY SOME TRANSVERSE FISSURES, AND AT 
OTHER TIMES APPEAR ALONE 

REFERRING TO THE PRESENT LAIL, FIGURE N O 2 IS A DIAGRAM OF THE RAIL 
VIEWED FROM THE GAUGE SIDE, SHOWING THE LINES OF RUPTURE DEVELOPED 
AT THE TIME OF THE DERAILMENT, THE DIRECTION M WHICH THEY TRAVERSED 
THE RAIL, THE PLACES AT WHICH TRANSVERSE FISSURES WERE DISPLAYED AND 
THEIR DIMENSIONS, ALSO THE LOCATION OF TIES WHICH WERE ADJACENT TO THE 
TRANSVERSE FISSURES 

PHOTOGRAPHS OF THE LEAVING ENDS OF FRAGMENTS NOS 1, 2, 3, AND 4, 
SHOWING THE TRANSVERSE FISSURES WHICH WERE DISPLAYED ON EACH, APPEAR 
IN FIGURE N O 3 THESE REPRESENT THE LARGEST TWO FISSURES, AND TWO OF 
INTERMEDIATE SIZE 

FIGURE N O 4 REPRESENTS THE CIOSS SECTION OF THE RAIL NEAR THE LEAVING 
END OF FRAGMENT N O 3, AFTER HAVING BEEN POLISHED AND ETCHED WITH 
TINCTURE OF IODINE A GROUP CONSISTING OF A LARGE NUMBER OF DARK 
COLORED DOTS AND SHORT LINES APPEARS M THE LOWEI MIDDLE PART OF THE 
HEAD, WHICH EXTEND DOWN THE WEB INTO THE BASE MARKINGS OF THIS 
KIND APPEAR ON SECTIONS IODINE ETCHED AND ON SULPHUR PRINTS, THOSE ON 
THE PIESENT RAIL BEING SOMEWHAT LESS PRONOUNCED THAN FREQUENTLY 
DISPLAYED B Y RAILS WHEN INSPECTED IN THIS MANNER 

T H E GROUP OF FOUR PHOTOMICIOGIAPHS SHOWN ON FIGURE N O 5 REPRE­
SENT, M CROSS SECTION, THE STRUCTURE OF THE RAIL IN THE VICINITY OF THE 
TRANSVERSE FISSURE WHICH WAS DEVELOPED AT THE LEAVING END OF FRAG­
MENT N O 3 FIGURE A OF THIS GROUP SHOWS THE DISTORTION OF THE 
MICROSTRUCTURE NEXT THE RUNNING SURFACE OF THE HEAD LATERAL FLOW 
OF THE SURFACE METAL TOOK PLACE TOWAID THE GAUGE SIDE FIGURE B 
REPRESENTS THE MICROSTRUCTURE AT THE UPPER COINER OF THE HEAD ON THE 
GAUGE SIDE OF THE LAIL T H E FLATTENING OF THE STRUCTURE HERE WAS VERY 
PRONOUNCED FIGURE C SHOWS THE STRUCTURE AT THE PERIPHERY ON THE 
GUAGE SIDE OF THE HEAD, NEAR THE LOWER CORNER, WHERE NO ABRASIVE 
ACTION NOR CONTACT WITH THE WHEELS HAD TAKEN PLACE A N UNDISTURBED 
GRAM STRUCTURE IS HERE EXHIBITED FIGURE D REPRESENTS THE MICRO-
STRUCTURE AT THE MIDDLE AND LOWER PART OF THE HEAD THERE WAS N O 
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CHARACTERISTIC DIFFERENCE IN THE MICROS FRACTURE OF THE HEAD IN THE 
VICINITY OF THE NUCLEUS OF THE TRANSVERSE FISSURE AND OTHER PARTS OF THE 
MIDDLE OF THE HEAD. 

T H E MICROSTRACTURES SHOWN ON FIGURE N O . 6 REPRESENT THE RAIL IN 
VERTICAL, LONGITUDINAL SECTION, AT THE CENTER OF THE HEAD AND AT THO 
EDGE OF THE TRANSVERSE FISSURE WHICH WAS ON THE LEAVING END OF FRAG­
MENT N O . 3. FIGURE E SHOWS THE STRUCTURE AT THE CENTER OF THE HEAD; 
FIGURE F , AT THE EDGE OF THE TRANSVERSE FISSURE. T H E STRUCTURE AT THE 
NUCLEUS OF THE FISSURE AND ELSEWHERE IN THAT VICINITY WAS NOT UNLIKE 
THAT OF OTHER PARTS OF THE INTERIOR OF THE HEAD, IN WHICH RESPECT THE 
MICROGRAPHS ON BOTH THE LONGITUDINAL SECTION AND THE CROSS SECTION 
FURNISHED IDENTICAL RESULTS. 

T H E RESULTS OF MEASUREMENTS OF THE INTERNAL STRAINS IN THE RAIL, ON 
TWO SECTIONS TAKEN FROM FRAGMENT N O . 1, ARE SHOWN ON DIAGRAMS NOS. 
7 AND 8. T H E STRESSES CORRESPONDING TO THE INTERNAL STRAINS IN THE 
METAL NEXT THE RUNNING SURFACE OF THE HEAD AND IN THO FLANGES ARE 
SHOWN ON FIGURE N O . 7. T W O SETS OF VALUOS ARE GIVEN FOR THE STRESSES 
IN THE STRIPS FROM THE HEAD. THESE STRIPS ASSUMED CURVED SHAPES 
WHEN DETACHED, CONVEX ON THE RUNNING SURFACE. T H I S BEHAVIOR 
INDICATED THAT THE INTERNAL STRAINS WERE OF DIFFERENT INTENSITIES AT 
DIFFERENT DEPTHS OF METAL BELOW THE SURFACE, VARYING WITHIN THE 
LIMITS OF THE DEPTHS OF THE STRIPS. T H E HIGHER VALUES ENTERED ON THE 
DIAGRAM ARE BELIEVED TO MORE NEARLY REPRESENT THE STRESSES AS THEY 
EXISTED IN THE INTACT RAIL THAN THE LOWER ONES. T H E FORMER VALUES 
ARE BASED UPON CHORD MEASUREMENTS; THE LATTER UPON MEASUREMENTS 
TAKEN UPON THE STRIPS WHEN FORCIBLY HELD STRAIGHT. 

T H E INTERNAL STRAINS IN THE HEAD REPRESENT COOLING STRAINS OF FABRI­
CATION, AUGMENTED OR SUPERSEDED BY THE COLD ROLLING STRAINS FROM THE 
WHEELS, ACQUIRED IN THE TRACK. T H E INTERNAL STRAINS DUE TO THE WHEEL 
PRESSURES COMMONLY EXCEED THOSE OF FABRICATION. T H E STRESSES IN THE 
FLANGES ARE CHIEFLY THE COOLING STRAINS OF FABRICATION, WHICH UNDER 
ORDINARY CONDITIONS OF SERVICE REMAIN IN THE RAIL SUBSTANTIALLY U N ­
CHANGED. T H E COLD ROLLING ACTION OF THE WHEELS, HOWEVER, IS AN 
IMPORTANT FACTOR I N MODIFYING THE PRIMITIVE STATE OF STRAIN IN THE 
HEAD OF THE RAIL. 

T H E INTERNAL STRESSES IN THE INTERIOR OF THE HEAD ARE SHOWN ON THE 
DIAGRAM, FIGURE N O . 8. THOSE ON THE GAUGE SIDE, AND IN THAT HALF OF 
THE HEAD, WERE STRAINS OF TENSION, ATTAINING A M A X I M U M OF 6,300 
POUNDS PER SQUARE INCH. T H I S SECTION OF RAIL FURNISHED A PRONOUNCED 
EXAMPLE OF INTERIOR STRAINS OF TENSION REACHING A M A X I M U M ALONG 
THOSE ELEMENTS OF THE HEAD I N WHICH SO M A N Y OF THE NUCLEI OF TRANS­
VERSE FISSURES ARE LOCATED. T H E RANGE OF INTERNAL STRESSES IN THESE 
TWO SECTIONS, WHICH WERE LOCATED END TO END IN THE RAIL, AMOUNT TO 
21,900 POUNDS PER SQUARE INCH, REFERRING TO THE METAL OF THE INSIDE 
HALF OF THE HEAD. 
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T h e r e l a t i o n s b e t w e e n t h e i n t e r n a l s t r e s s e s o f c o m p r e s s i o n n e x t 
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i n t e r n a l s t r a i n s , b u t d e p e n d s p r o b a b l y u p o n t h e i n t e n s i t y o f t h e 

a b r a s i v e f o r c e s 

F i g u r e N o 9 s h o w s t h e a p p e a r a n c e o f s o m e p l a n e r c h i p s t a k e n 

f r o m t h e i n t e r i o r o f t h e h e a d o f f r a g m e n t N o 3 A h e a v y c u t a n d 

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

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

T h e r e s u l t s o f c h e m i c a l a n a l y s e s o f t h e r a i l a p p e a r m t a b l e N o 1 . 

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

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

s m a l l e s t t r a n s v e r s e fissures r e s p e c t i v e l y . 

T A B L E N O 1 —CHEMICAL ANALYSES OF RAIL, GAUGE SIDE OF HEAD, IN VICINITY OF TRANSVETSE 
FISSVRES 

Description Carbon Manganese Phos­
phorus Sulphur Silicon 

Fragment No 1, vicinity of laigest transverse 
fissure 

Fragment No 12, vicinity of smallest fissure 
0 70 

71 
0 98 

97 
0 058 

061 
0 026 

025 
0 007 

008 

T e n s i l e t o s t p i e c e s w e r e t a k e n f r o m f r a g m e n t N o 3 , f r o m t h e g a u g e 

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

o f w h i c h a p p e a r m T a b l e N o 2 

T A B L E N O 2 —TENSILE TESTS OF RAIL, LONGITUDINAL SPECIMENS FROM HEAD, STEMS 0 505 INCH 
DIAMETER BY 2 INCHES LONG 

Description 

Elastic 
limit 

per square 
inch 

Tensile 
strength 

per square 
inch 

Elongation Contraction 
of area 

Gauge side of head 
Middle of head 
Outside of head 

POUNDS 
80,380 
67,400 
71,400 

POUNDS 
110,100 
80,140 

124,800 

PER CENT 
2 00 

50 
13 75 

PER CENT 
2 00 

40 
16 33 
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FIG 3 — Transveisehs-uie'; displayed on the leaving ends of fiagments Nt s 1, 2 , 3 , and 4, respectively 



FIG 4—Cross section of rail, near leaving end of fragment No 3, 
polished and etched with tincture of iodine 
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FIG 5 —Microslrii3tuie oflhe head of the rail, neai the leading end of fragment No 3, cross section, magni­
fication 100 diameiei s A At running surface neai midd e of top of head, showing lateral flow of surface 
metal towaid gauge side of head B. At upper corner of the head gauge side Mostprorcun ed e fleet 
of wheels in distoitmg the gram of the steel C Near lower ccrner of the head gauge side Slightly 
decarbunzed edge Beyond the reach of the wheels and no distortion to the gram of the steel D 
Structure of the rail near the center of the head 
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FIG 6 MLCI ostuict m e ol the head of the rail, neai the lea-wng end 
of fragment No 3, veitical, longitudinal section, magnification 
100 diameteis K Stiucture of Ihe iail neai the centei of (he 
head F Sliiictuie at the edge of (he luvnsveise fissme on (lie 
leaving end of the f lagmeni 



FIG 9 —Appearance of planer chips taken fiom (he middle of I he head, 
hagment No 4 



FIG 10 —Gioupof sheaimgfiactmes m heads of othei iails not involved in piesent deiailment Pio-
giessrve shearing fractures in hoi lzontal longitudinal planes, ougmsal longit udmal si 1 oaks in the steel 



FIG 11 — Sluiring fracture in head oT lail, progressive frac­
ture staiting it split in head Vrw from (he under side 



I«IG 12 —Cross section of tail shown in Vig No 11 Split head liom 
which a hoi ^ontal shea' ing fiacture staited detaching the uppei 
poition of the hoid 
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IT WILL BE NOTED THAT THE TEST PIECE FROM THE OUTSIDE OF THE HEAD 
DISPLAYED THE GREATEST ELONGATION, THAT FROM THE MIDDLE THE LEAST, 
WHILE THAT FROM THE GAUGE SIDE HAD AN INTERMEDIATE VALUE IN THE 
DISPLAY OF ELONGATION, THE TEST PIECES STOOD M THE SAME ORDER AS M 
TENSILE STRENGTH, THE USUAL RESULT SINCE THE DEVELOPMENT OF ELONGATION 
GOES ON AT AN ACCELERATING RATE AS HIGHER STRESSES OF TENSION ARE REACHED. 
WHILE SOME UNCERTAINTY MAY ATTACH TO THE DEFINITION OF THE ELASTIC 
LIMITS IN DIFFERENT LABORATORIES, NEVERTHELESS, THE MINIMUM VALUES 
IN THESE TEST PIECES WERE FAR ABOVE ANY EXPECTED FIBER STRESSES RESULT­
ING FROM DIRECT BENDING LOADS WHICH THE RAILS SHOULD RECEIVE M THE 

' TRACK THE DUCTILITY OF THE STEEL WAS PRACTICALLY ELIMINATED IN THE 
TEST PIECE FROM THE MIDDLE OF THE HEAD, MUCH REDUCED IN THAT FROM 
THE GAUGE SIDE, BUT APPARENTLY UNIMPAIRED M THE METAL NEXT THE 
OUTSIDE OF THE HEAD THE RESULTS OF THE TENSILE TESTS AND THE STRAIN 
MEASUREMENTS ARE IN HARMONY, EACH POINTING TO THE INFLUENCE OF THE 
WHEEL PRESSURES M THEIR MODIFYING EFFECTS UPON THE PHYSICAL PROP­
ERTIES OF THE STEEL 

TRANSVERSE FISSURES HAVE WELL DEFINED NUCLEI, FROM WHICH THEY PRO­
GRESSIVELY EXTEND NEITHER CHEMICAL ANALYSES NOR MICROSCOPIC EXAMI­
NATIONS HAVE REVEALED ANY COMMON CAUSE ATTACHING RESPONSIBILITY 
TO THE COMPOSITION OR STRUCTURAL STATE OF THE RAIL FOR THE INCIPIENT 
FORMATION OF TRANSVERSE FISSURES THIS TYPE OF FRACTURE HAS THE TRAITS 
OF A FATIGUE FRACTURE, THAT IS, ONE RESULTING FROM THE APPLICATION OF A 
SUFFICIENT NUMBER OF REPEATED STRESSES OF THE REQUIRED MAGNITUDE, BUT 
NONE NECESSARILY REACHING THE ELASTIC LIMIT OF THE METAL SERVICE 
CONDITIONS UNDOUBTEDLY CAUSE THE PROGRESSIVE DEVELOPMENT OF TRANS­
VERSE FISSURES THEY HAVE BEEN KNOWN TO REACH SUCH A SIZE THAT 
PRACTICALLY THE ENTIRE HEAD WAS RUPTURED BEFORE THE RAIL WAS REMOVED 
FROM THE TRACK INTEREST CENTERS UPON THE STATE OF THE METAL AT THE 
NUCLEI OF THE FISSURES WHEN M SEARCH OF A CAUSE FOR THEIR FORMATION, 
BUT AS ABOVE STATED NO DEFINITE CAUSE HAS BEEN FOUND, ALTHOUGH THE 
SEARCH HAS BEEN A DILIGENT ONE THERE IS A LIMIT OF ENDURANCE FOR 
ALL STEELS AND RUPTURE ENSUES WHEN THAT LIMIT HAS BEEN REACHED. THE 
PRIMITIVE TESTS OF RAILS, UNDER CURRENT SPECIFICATIONS GOVERNING THEIR 
ACCEPTANCE, DO NOT FURNISH THIS CLASS OF INFORMATION IT WILL BE 
ACQUIRED WHEN RAILS IN FULL CROSS SECTION ARE SUBJECTED TO REPEATED 
STRESSES OF KNOWN MAGNITUDE 

TRANSVERSE FISSURES MAY BE ASSOCIATED WITH OTHER TYPES OF RUPTURE, 
THE ORIGINS OF WHICH HAVE WELL RECOGNIZED CAUSES SLAG INCLUSIONS AND 
STREAKS M THE STEEL FROM BLOWHOLES ARE AMONG THE CAUSES WHICH LEAD 
TO CERTAIN FRACTURES THE PROCESS OF MANUFACTURE ORIENTS THESE 
INCLUSIONS AND DISPOSES THEM IN LONGITUDINAL DIRECTIONS IN THE FINISHED 
RAIL WHEEL PRESSURES SET UP SHEARING STRESSES, THE EFFECTS OF WHICH 
ENCOUNTER THESE LONGITUDINAL STREAKS AND LEAD TO SPLIT HEADS, AS THE 
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VERTICAL SEAMS ARE DESIGNATED, OR M A Y RESULT M SHEARING FRACTURES 
BEING DEVELOPED I N HORIZONTAL OR OBLIQUE PLANES S O M E CONFUSION 
HAS EXISTED M RESPECT TO RECOGNIZING THE CHARACTERISTIC FEATURES B Y 
WHICH DIFFERENT TYPES OF RUPTURE ARE IDENTIFIED, AND FRACTURES WHICH 
ARE FOUND ASSOCIATED WITH TRANSVERSE FISSURES HAVE BEEN GROUPED WITH 
THEM T O AID I N THE BETTER DISCRIMINATION BETWEEN DIFFERENT TYPES OF 
RUPTURE SOME PHOTOGRAPHIC PRINTS ARE INSERTED, ILLUSTRATING SOME 
SHEARING FRACTURES M THE HEADS OF A NUMBER OF RAILS 

FIGURE N O 10 SHOWS A GROUP OF FOUR RAIL HEADS M EACH OF WHICH 
PROGRESSIVE SHEARING FRACTURES DEVELOPED, THE ORIGINS OF WHICH WERE 
AT LONGITUDINAL STREAKS M THE STEEL FRACTURES OF THIS KIND M THE 
HEAD, AND SIMILAR ONES M THE BASE, FOLLOW THE LONGITUDINAL STREAKS 
FOR A DISTANCE, THEN TURN M THEIR COURSE AND TERMINATE AT THE SUR­
FACE OR EDGE OF THE RAIL SECTION I N THE BASE THEY FORM CRESCENT-
SHAPED FRACTURES THOSE I N THE HEAD, AS HERE WITNESSED, GENERALLY 
CHANGE THEIR COURSES I N OPPOSITE DIRECTIONS, AT ONE END CURVING UPWARD 
AND TERMINATING AT THE RUNNING SURFACE OF THE HEAD, AT THE OTHER END 
TAKING A DOWNWARD COURSE INTO THE WEB AND THENCE THROUGH THE BASE. 
T H E DIFFERENCE M THE MANNER OF THEIR DEVELOPMENT IS ATTRIBUTED TO 
THE INFLUENCE OF THE COMBINED LONGITUDINAL BENDING AND SHEARING 
STRESSES M THE HEAD ON 'THE ONE HAND, AND TO THE CROSSWISE BENDING 
STRESSES RECEIVED B Y THE BASE ON THE OTHER HAND T H E RESEMBLANCE 
OF THESE FRACTURES TO THE RUPTURED SURFACES OF TRANSVERSE FISSURES HAS 
LED TO THEIR BEMG MISTAKEN FOR A MODIFIED FORM OF TRANSVERSE FISSURE 

1 IGURE N O 11 SHOWS A COMBINED SPLIT HEAD AND HORIZONTAL SHEARING 
FRACTURE E A C H WERE PROGRESSIVE FRACTURES T H E SPLIT-HEAD FRACTURE 
HAD ITS ORIGIN I N THE UPPER PART OF THE HEAD, EXTENDING DOWNWARD 
INTO THE WEB T H E SPLIT-HEAD FRACTURE WAS DOUBTLESS THE PRIMARY 
ONE, THE SHEARING FRACTURE SECONDARY, THE LATTER HAVING ITS ORIGIN AT 
THE EDGES OF THE FORMER EVENTUALLY THE SHEARING FRACTURE CHANGED 
ITS COURSE, AT ONE EXTREMITY CURVING UPWARD AND COMPLETING THE 
RUPTURE I N THE HEAD, AT THE OTHER END CURVING DOWNWARD AND SEPAR­
ATING THE WEB AND THE BASE A N END VIEW OF THE RAIL IS SHOWN ON 
FIGURE N O 12, WHERE THE FRACTURE APPEARS AS A SPLIT HEAD ONLY 

S U M M A R Y 

T H E RESULTS OF THIS INVESTIGATION SHOW THEF AILURE OF THE RAIL INVOLVED 
I N THE PRESENT DERAILMENT WAS DUE TO THE PRESENCE OF TRANSVERSE 
FISSURES E I G H T WERE DISPLAYED I N THE FRAGMENTS OF THE HEAD, ALL 
OF WHICH WERE LOCATED ON THE GAUGE SIDE OF THE HEAD OR OVER THE WEB. 
A NUMBER OF YEARS HAVE NOW ELAPSED SINCE THIS TYPE OF RUPTURE WAS 
BROUGHT TO NOTICE M THESE ACCIDENT REPORTS T H E Y CONSTITUTE A 
MENACE TO THE INTEGRITY OF RAILS, AND CONTINUE TO DEVELOP I N RAILS OF 
DIFFERENT AGES AND WEIGHTS I T IS BELIEVED TO HAVE BEEN ESTABLISHED 
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I N WHAT MANNER THEY PROGRESSIVELY DEVELOP, SINCE THEY ARE FOUND M 
DIFFERENT STAGES OF DEVELOPMENT I N THE SAME AND I N DIFFERENT RAILS. 
M A N Y FEATUIES CONNECTED WITH THEIR OCCURRENCE HAVE BEEN ASSENTED 
TO B}^ COMMON CONCURRENCE OF OPINION B U T NOTWITHSTANDING THIS 
REMEDIAL EFFORTS HAVE NOT BEEN INAUGURATED AND NO ADEQUATE PRO­
TECTION HAS BEEN PROVIDED AGAINST THE RECURRENCE OF THIS SERIOUS TYPE 
OF FRACTURE T H I S IS A DISQUIETING CONDITION WHICH SHOULD BE AMELIO­
RATED THERE IS URGENT NEED OF THE COMPILATION OF ALL RELEVANT DATA 
UPON THE NUMEROUS INSTANCES OF FAILURES OF THIS K IND AND PROMPT AND 
ENERGETIC EFFORTS MADE TO SUPPRESS THIS INSIDIOUS TYPE OF FRACTURE 

I T W B E L N A P , 
Chief, Bureau of Safety 
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