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S e p t e m b e r 16, 1918 

To the Gonvrrdssion: 
O N JANUARY 15, 1918, THERE WAS A DERAILMENT OF A PASSENGER TRAM 

ON THE U N I O N PACIFIC RAILROAD NEAR BELOIT, K A N S , WHICH RESULTED M 
THE DEATH OF 4 PASSENGERS AND THE INJURY OF 22 PASSENGERS AND 3 EM­
PLOYEES AFTER INVESTIGATION I BEG TO SUBMIT THE FOLLOWING REPORT 

T H A T PART OF THE U N I O N PACIFIC RAILROAD UPON WHICH THIS ACCIDENT 
OCCURRED IS A SINGLE-TRACK LINE, OVER WHICH TRAINS ARE OPERATED BY 
TIME-TABLE, AND TRAM ORDERS TRANSMITTED BY TELEGRAPH, NO BLOCK SYS­
TEM BEING I N USE T H E TRACK IS LAID WITH 60-POUND STEEL RAILS, 30 FEET 
I N LENGTH, ON ABOUT 16 TIES TO THE RAIL, SINGLE SPIKED, WITHOUT TIE-
PLATES, RAIL BRACES, OR BALLAST, BUT M GOOD CONDITION 

EASTBOUND PASSENGER TRAM N O 132 CONSISTED OF 1 COMBINATION MAIL 
AND BAGGAGE CAR, 1 BAGGAGE CAR, AND 2 COACHES, ALL OF WOODEN CON­
STRUCTION, HAULED BY LOCOMOTIVE 945, AND WAS I N CHARGE OF CONDUCTOR 
TOZIER AND E N G M E M A N REED. I T LEFT BELOIT AT 8 25 A M , AND WAS 
DERAILED AT 8 30 A M AT BRIDGE 54 92, 2 5 MILES EAST OF BELOIT, WHILE 
RUNNING AT A SPEED OF 20 OR 25 MILES AN HOUR 

T H E LOCOMOTIVE, COMBINATION CAR, AND BAGGAGE CAR CROSSED THE 
BRIDGE, THE LOCOMOTIVE COMING TO A STOP WITH ITS FRONT TRUCKS ABOUT 
380 FEET BEYOND THE INITIAL POINT OF DERAILMENT; THE COMBINATION CAR 
WAS DERAILED IMMEDIATELY BEHIND THE LOCOMOTIVE AND TILTED TOWARD 
THE LEFT; THE BAGGAGE CAR WAS DERAILED TO THE LEFT AND LAY ON ITS SIDE 
]UST BEHIND THE COMBINATION CAR FIGURE 1 IS A VIEW OF THE LOCOMO­
TIVE, COMBINATION CAR, AND BAGGAGE CAI AFTER THE DERAILMENT BOTH 
COACHES RAN A SHORT DISTANCE AND THEN FELL OFF THE BRIDGE, AND LANDED 
ON THEIR ROOFS M THE BOTTOM OF THE CREEK AND WERE DEMOLISHED, AS 
SHOWN BY FIGURES 2 AND 3 
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BRIDGE 54 92 IS A WOODEN TRESTLE, 173 FEET I N LENGTH, HAVING A HEIGHT 
OF FROM 8 TO 27 FEET, AND SUPPORTED BY 12 PILING BENTS AND 2 BULK­
HEAD BENTS SIXTY-POUND STEEL GUARD LAILS EXTEND OVER THE BUDGE AND* 
30 FEET BEJOND EACH END OF THE BULKHEADS A T THE TIME OF THE ACCI­
DENT THE BRIDGE WAS UNDERGOING REPAIRS, AN EXCAVATION HAVING BEEN 
MADE AT THE WEST END OF THE BRIDGE FOI THE PURPOSE OF INSTALLING A 
NEW BULKHEAD BENT. A 17-INCH PILE HAD BEEN DRIVEN THERE AND A 
12 BY 14 INCH CAP PLACED ON TOP, THEN A 16 BY 16 PILE BLOCK, THEN A 
7£ BY 8 INCH PINE TIE, WHICH WAS NOT SPIKED TO THE RAIL T H E STRUCTURE 
WAS M FAIR CONDITION 

LOCOMOTIVE 945 IS OF THE 4-4-0 TYPE, HAVING A WEIGHT OF 69,300 
POUNDS ON DRIVERS, AND THE TOTAL WEIGHT OF THE ENGINE LOADED IS 
107,000 POUNDS T H E TOTAL WEIGHT OF ENGINE AND TENDER IS 214,100 
POUNDS. I T WAS GIVEN A GENERAL OVERHAULING ABOUT FOUR MONTHS 
BEFORE THE ACCIDENT OCCURRED, AND THE WORK REPORTS FOR 30 CLAYS PRIOR 
TO THE ACCIDENT SHOWED THE WHEELS TO BE M GOOD CONDITION 

T H E ACCIDENT OCCURRED ON TRACK THAT WAS STRAIGHT AND PRACTICALLY 
LEVEL T H E WEATHER AT THE TIME WAS CLEAR; THERE WAS CONSIDERABLE 
SNOW ON THE GROUND, AND THE TEMPERATURE WAS ABOUT 1° BELOW ZERO 

ENGINEMAN REED STATED THAT REPAIR WORK ON BRIDGE 54 92 HAD BEEN 
M PROGRESS SINCE NOVEMBER, 1917, AND DURING THAT TIME HE HAD SEEN 
NO SLOW ORDERS PROTECTING MOVEMENTS OVER IT H E SAID HE DID NOT 
NOTICE ANY UNUSUAL ROUGHNESS OF THE TRACK ON THE BRIDGE, AND THOUGHT 
THE SPEED OF HIS TRAM WAS BETWEEN 20 AND 25 MILES AN HOUR AT THE 
TIME IT WAS DERAILED. 

FIREMAN BLEVANS STATED THAT HE NOTICED NO UNUSUAL ROUGHNESS OF 
THE TRACK ON THE BRIDGE, AND THE FIRST NOTICE HE HAD OF THE DERAILMENT 
WAS THE APPLICATION OF THE AIR BRAKES. 

BRIDGEMAN N I X O N , WHO HAD CHARGE OF THE REPAIR WORK ON THE 
BRIDGE AT THE TIME OF THE ACCIDENT, STATED THAT WHEN THE PILING WAS 
SAWED OFF AT THE WEST END OF THE BRIDGE, BLOCKS WERE PLACED ON TOP OF 
THE PILES INSTEAD OF STRINGERS, AND TIES WERE PLACED ON TOP OF THE 
BLOCKS, THE TIES FITTING UP AGAINST THE RAILS PROPERLY 

BRIDGEMAN HORR STATED THAT AFTER THE BLOCKS WERE PUT I N PLACE ON 
TOP OF THE PILING IT WAS NECESSARY TO RAISE THE RAIL A LITTLE I N ORDER TO 
INSERT THE TIE, AND SAID THAT THE RAIL RESTED ON THE TIE AFTER THE TIE WAS 
PUT I N PLACE. A 

OTHER BRIDGEMEN CORROBORATED THE STATEMENTS THAT THERE WAS NO 
SPACE BETWEEN THE TOP OF THE TIES AND THE BASE OF THE RAIL 

SECTION FOREMAN DENNIS STATED THAT HE WAS AT BRIDGE 54.92 ABOUT 
FIVE DAYS BEFORE THE ACCIDENT OCCURRED; SAW THE WORK BEING DONE THERE, 
AND IT APPEARED TO H I M AS THOUGH THE TIES FIT UP UNDER THE RAILS 
PROPERLY H E SAID NO SLOW ORDERS HAD BEEN PUT OUT AT THIS BRIDGE 
UNTIL AFTER THE ACCIDENT 



FIG 1 —VIEW OF LOCOMOTIVE, ENGINE, AND TENDER ON THE RAILS, WITH DERAILED MAIL AND BAGGAGE CARS ON 
EAST EMBANKMENT 

FIG 2 —VIEW OF BRIDGE AND DERAILED CARS FROM WEST EMBANKMENT 



FIG 3 —Demolished coaches in. bed of cieek 



A C C I D E N T N E A R B B L O I T , K A N S . 3 

DRAWING N O . 4522 OF THE DIVISION ENGINEER'S OFFICE, KANSAS C ITY , 
M O , PURPORTING TO REPRESENT THE CONDITION AT THE WEST END OF THE 

" BRIDGE PRIOR TO THE ACCIDENT, SHOWS A CLEAR SPACE OF ONE-HALF INCH 
BETWEEN THE RAIL AND THE TIE UNDER IT T H E MINUTES OF THE INVESTIGA­
TION CONDUCTED BY THE OFFICIALS OF THE ROAD DO NOT SUBSTANTIATE THIS 
EXHIBIT T H E TESTIMONY OF THE BRIDGEMEN WAS TO THO CONTRARY T H E 
TESTIMONY OF SUPERVISOR OF BUILDINGS AND BRIDGES JUNGLMG ON THIS 
FEATURE Avas INCOHERENT. SUPERVISOR J U N G L M G REACHED THE SCENE OF 
THE ACCIDENT ABOUT EIGHT AND ONE-HALF HOURS AFTER IT OCCURRED H E 
TESTIFIED THAT, AS HE FIGURED IT OUT, IT LOOKED LIKE THERE MIGHT HAVE BEEN 
AS MUCH AS -J-INCH SPACE BETWEEN THE RAIL AND THE TIE FURTHER ON IN 
HIS TESTIMONY HE STATED THAT HE COULD NOT SAY WHETHER THERE WAS ANY 
SPACE THERE OR NOT; AND STILL FURTHER ON HE SAID THAT I N LEVELING ACROSS 
THE TOP OF THE STRINGERS AND THE PILE HEAD IT SHOWED TO BE ]UST ABOUT 
LEVEL, HIS FINAL STATEMENT COINCIDING WITH THE TESTIMONY OF THE BRIDGE-
MEN 

T H E RESULTS OF THE EXAMINATION OF THE RAILS WHICH FAILED, CONDUCTED 
BY MR JAMES E . HOWARD, ENGINEER-PHYSICIST, WHOSE REPORT FOLLOWS, 
DOES NOT SHOW THAT THE RAIL FAILED BY LACK OF VERTICAL SUPPORT, THE 
ORIGIN OF THE FAILURE OF THE RAIL AT THE WEST END OF THE BRIDGE INDICAT­
ING THAT IT WAS DUE TO HORIZONTAL THRUST 

REPORT OF T H E ENGINEER-PHYSICIST 

T H E DERAILMENT OF T I A M N O 132 OCCURRED AT THE WESTERLY END OF 
BRIDGE N O 54 92. T H E ENGINE AND TENDER PASSED OVER THE BRIDGE AND 
REMAINED ON THE RAILS T H E TWO FOLLOWING CARS, A MAIL AND a BAGGAGE 
CAR, REACHED THE, EASTERLY EMBANKMENT M A DERAILED CONDITION T H E 
TWO COACHES CONSTITUTING THE LEMAMDER OF THE TRAM WERE PRECIPI­
TATED FROM THE BRIDGE, FELL TO THE BANKS AND BED OF THE CREEK BELOW, 
STRUCK UPON THEIR ROOFS, AND WERE DEMOLISHED. 

T H E BRIDGE WAS UNDERGOING REPAIRS, WORK BEING I N PROGRESS AT THE 
TIME OF DERAILMENT FIGURE N O 4 INDICATES THE MANNER M WHICH THE 
WORK WAS BEING EXECUTED AT THE WESTERLY END FROZEN GROUND HAD 
BEEN EXCAVATED AND A NEW BULKHEAD BENT HAD BEEN PLACED BETWEEN 
THE OLD ONE AND THE WESTERLY EMBANKMENT PILES 17 INCHES I N DI ­
AMETER WERE USED M THE NEW BULKHEAD, ON WHICH WAS PLACED A 12-
MCH CAP, THE LATTER CARRYING 16-INCH PILE BLOCKS A 1\ INCH BY 8 INCH 
TIE WAS SUPPORTED BY THE PILE BLOCKS 

T H E CONDITIONS WHICH WERE PRESENT PNOR TO THE TIME OF DERAILMENT 
PRESENT A NUMBER OF FEATURES OF INTEREST M TRACK MAINTENANCE. 
THERE WAS A WEAKENED JOINT AT THIS PLACE T H E OUTER SPLICE BAR WAS 
PARTIALLY FRACTURED, OLD SURFACES OF RUPTURE EXISTING ON EACH SIDE OF 
THE BOLT HOLE NEXT THE END OF RAIL MARKED " B " PART OF THE FLANGE OF 
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• 

Via 4—Diagiam illustrating mannei ot mseiting new bulkhead bent in budge Stais 
on diagiam show places of mptuie at joint and m the lail 

BAR, CONSIDERABLY ANTEDATED THE OTHER PART KAILS OF DIFFERENT SHAPED 
HEADS HAD BEEN SPLICED TOGETHER AT THIS JOINT, ONE OF WHICH SHOWED 
DECIDED FLANGE WEAR ON THE GAUGE SIDE OF THE HEAD, THE OTHER RAIL HAV­
ING EXPERIENCED LITTLE, WEAR ON THE GAUGE SIDE OF THE HEAD T H E INNER 
FLANGE OF RAIL MARKED " A " HAD RECEIVED INJURY FROM SPIKE WEAR, BE­
CAME BRITTLE AT THIS PLACE AND THEREBY LOCATED ITS POINT OF RUPTURE. 

T H E MAINTENANCE OF THE JOINT BETWEEN THESE RAILS HAD, NO DOUBT, 
BEEN TROUBLESOME. N E W TRACK BOLTS HAD BEEN USED M THE TWO INNER 
HOLES O W I N G TO THE DIFFERENCE M THE SHAPES OF THE HEADS OF THESE 
RAILS AND THE SQUARE SHOULDER PRESENTED BY THE UNWORN PART OF RAIL 
A , SEVERE THRUSTS WOULD BE RECEIVED AT THE JOINT DURING THE PASSAGE 
OF WESTBOUND TRAINS UNTIL THE RECEIVING END OF RAIL A WAS WORN TO 
THE SHAPE OF THE LEAVING END OF RAIL B T H E WEAKENED CONDITION OF 
THE JOINT WAS PROBABLY DUE TO THE SUCCESSION OF OUTWARD BLOWS WHICH 
IT HAD RECEIVED. 

T H E SHAPES OF THE HEADS OF THE TWO RAILS ARE SHOWN BY FIGURE N O . 
5. SECTION A REPRESENTS THE WESTERLY RAIL, WHICH WAS BRANDED 

THE OUTEI SPLICE BAR WAS MISSING O N E PART OF THE SURFACE OF RUP­
TURE, SEPARATING THE FLANGE FROM THE VERTICAL LEG OF THIS PORTION OF THE 
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" E T 85 IIIIIIIIIII"; section B the easterly rail, the brand mark 
, on which was not ascertained. The outlines of these rails are drawn 

1 superimposed on this cut, the shaded portion of which represents 
the area of metal which had been worn away at the immediate end 
of rail A by successive blows of wheel flanges. The prism of metal 
removed was a tapering one, the normal shape of the head being 
retained up to a distance of about 8 inches from its junction with 
rail B 

• •F IG 5 — - D i a g i a m s h o w i n g c i o s s s e c t i o n s o f l a i l s A a n d B , 
s h a d e d p o i t i o n o f t h e h e a d , l o w e i figure o f t h e c u t , i n d i ­
c a t i n g t h e n d i f f e i e n c e m s h a p e 

The several fractures which occurred at the time of the derailment 
are illustrated by figures Nos. 6, 7, and 8 Figure No. 6 shows the 
outer splice bar at the joint between rails A and B. Earlier lines 
of rupture separated the metal on each side of the bolt next the end 
of rail B, leaving a limited area unbroken next the base of the rail. 
It is not known at what stage the portion of the flange covering the 
end of this rail was lost. It exhibited a progressive fracture m part, 
a longitudinal seam having separated a part of the flange from the 
vertical leg of the splice bar prior to its complete separation. 
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FIGURE N O 7 SHOWS THE APPEARANCE OF THE LEAVING END OF THE LONGER 
FRAGMENT OF RAIL A . RUPTURE BEGAN AT THE INJURED EDGE OF THE INNER 
FLANGE, INDICATED BY THE STAR MARKED ON THE CUT. H A M M E R ACTION OF 
THE RAIL AGAINST THE SHANK OF A SPIKE RESULTED M WEARING AWAY THE 
METAL BY ABRASION, AND CAUSED SUCH LOSS I N DUCTILITY THAT FRACTURE 
OCCURRED WITHOUT DISPLAY OF ELONGATION. T H E ORIGIN OF FRACTURE AT 
THE INSIDE FLANGE OF THE BASE SHOWED THAT FAILURE AT THE TIME OF THE 
DERAILMENT WAS CAUSED BY AN OUTWARD THRUST AGAINST THE RAIL AT OR 
I N THE VICINITY OF ITS JUNCTION WITH RAIL B . 

FIGURE N O 8 SHOWS THE APPEARANCE OF THE LEAVING END OF THE SHORT 
FRAGMENT WHICH WAS BROKEN FROM RAIL B RUPTURE BEGAN AT THE 
INSIDE OF THE HEAD, LOWER CORNER, AS INDICATED BY THE STAR MARKED ON 
THE CUT T H E METAL M THE HEADS OF RAILS BECOMES EMBRITTLED BY THE 
COLD ROLLING ACTION OF THE WHEELS; THE BRITTLENESS DISPLAYED BY THIS 
RAIL IS THEREFORE WITHOUT UNUSUAL SIGNIFICANCE. T H E INCIPIENT POINT 
WAS AT THE CORNER OF THE HEAD, GAUGE SIDE, EXTENDING THENCE THROUGH 
THE HEAD, OBLIQUELY THROUGH THE WEB, AND FINALLY THROUGH THE BASE 

I N THEIR ORDER OF SEQUENCE THE FRACTURES PROBABLY OCCURRED—FIRST, 
AT THE OUTER SPLICE BAR AT THE JOINT, FOLLOWED BY THE FRACTURES M RAILS 
A AND B , WHICH LATTER TWO MAY HAVE OCCURRED PRACTICALLY SIMUL­
TANEOUSLY A N OUTWARD THRUST OCCASIONED THESE SEVERAL LINES OF RUP­
TURE THERE WAS NO EVIDENCE PRESENTED I N THE APPEARANCE OF THE 
BROKEN RAILS INDICATING FAILURE DUE TO LACK OF VERTICAL SUPPORT 

T H E CHEMICAL ANALYSES OF THE RAILS, SUPPLIED BY MR. N F HARRI-
MAN, CHEMIST AND ENGINEER OF TESTS, U N I O N PACIFIC RAILROAD, IS SHOWN 
ON THE ACCOMPANYING TABLE 

Chemical analyses of rails A and, B 

Description Carbon Manga­
nese 

Phospho­
rus Sulphur Silicon 

Rail A 
Rail B 

0 467 
499 

0 930 
1 014 

0 094 
101 

0 069 
213 

0 079 
085 

EXAMPLES OF RAILS WHICH HAVE FAILED BY REASON OF INJURIES RECEIVED 
AT THE EDGES OF THEIR FLANGES ARE MET FROM TIME TO TIME FIGURE N O 9 
ILLUSTRATES A SQUARE BREAK, ONE OF A NUMBER WHICH OCCURRED I N SOME 
90-POUND RAILS OF MORE RECENT FABRICATION THAN THOSE INVOLVED I N THE 
PRESENT DERAILMENT T H E STAR MARKED ON THE CUT INDICATES THE INITIAL 
POINT OF RUPTURE T H E BOLT HOLES SHOWN M THE WEB WERE DRILLED FOR 
ATTACHING SPLICE BARS FOR TEMPORARY REPAIRS TO THE TRACK 

S U M M A R Y . 

T H E RESULTS OF THE EXAMINATION ATTACHES RESPONSIBILITY FOR THE DE­
RAILMENT OF T I A M N O 132 AT BRIDGE N O 54 92 TO THE FAILURE OF THE 



FIG 6 —Appearance of outer splice bar, joining rails A and B 

TIG 7 —Leaving end of the longer fragment of rail A Fracture started at edge of flange, 
gauge side, when injured by spike wedge 



FIG 8—Leaving end of short fragment of tail B Fracture started at lower coiner of head, 
gauge side 



FIG 9 —Fracture of a 90-pound Bessemer rail Illustrating a fracture caused by injured flange 
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A 

TRACK AT THE JOINT BETWEEN RAILS LOCATED NEAR THE WESTERLY END OF THE 
Y BRIDGE SHORT FRAGMENTS WERE DETACHED FROM THE RAILS ADJACENT TO 

THE JOINT, SECONDARY LINES OF RUPTURE IT WOULD SEEM. 
THE BROKEN RAILS HAD DIFFERENT SHAPED HEADS ONE WAS CONSIDER­

ABLY WORN ON THE GAUGE SIDE OF THE HEAD BY FLANGE WEAR OF THE WHEELS; 
THE OTHER SHOWED LITTLE WEAR THEY APPEARED TO HAVE BEEN ASSEMBLED 
WITH THIS DIFFERENCE M SHAPE EXISTING, AND WORN TO A COMMON SHAPE 
BY SUCCESSIVE WHEEL FLANGES PASSING OVER THEM THE ADJUSTMENT OF 
SHAPE OF THE RAIL WITH THE FULL HEAD OCCURRED WITHIN a DISTANCE OF 
ABOUT 8 INCHES OF THE J'OMT THIS ABRUPT CHANGE IN SECTION WOULD IN­
VOLVE UNDUE STRAINS AT THE JOINT, AND LEAD TO THE FRACTURE OF THE SPLICE 
BAR AS WITNESSED THIS IS REGARDED AS ONE OF THE EARLIER CIRCUMSTANCES 
WHICH TENDED TOWARD ULTIMATE FAILURE 

THE INJURY DONE THE INNER FLANGE OF RAIL MARKED A WAS ALSO A CON­
TRIBUTORY FACTOR M CAUSING WEAKNESS AND BRITTLENESS OF THE RAIL THE 
BRITTLE FRACTURE DISPLAYED BY RAIL MARKED B IS NOT UNUSUAL THE COLD 
ROLLING OF THE METAL OF THE HEAD BY WHEEL PRESSURES HAS SUCH a TEND­
ENCY AS THIS 

THE TESTIMONY TAKEN UPON THE CIRCUMSTANCES ATTENDING THIS DERAIL­
MENT SHOWED THAT RAIL A WAS NOT SPIKED TO THE TIE, WHICH WAS OVER THE 
NEW BULKHEAD BENT A WELL-SPIKED TRACK IS ESSENTIAL FOR SAFETY UNDER 
NORMAL TRAM MOVEMENTS, AND IT APPEARS THAT NO SLOW ORDERS WERE 
ISSUED RESTRICTING NOINIAL SPEEDS ON THIS BRIDGE PRIOR TO THE DERAIL­
MENT EACH OF t h e ELEMENTS OF WEAKNESS WHICH haARE BEEN ENUMERATED 
PROBABLY CONTRIBUTED TOWARD AND SHARED IN THE RESPONSIBILITY FOI THE 
ACCIDENT 

THE IMMEDIATE CAUSE OF t h e FAILURE OF THE TRACK ATTACHES TO SIDE 
THRUSTS ON A WEAKENED JOINT BY A TRAM WHICH WAS RUN AT CUSTOMARY 
SPEED, IN THE ABSENCE OF SLOW ORDEIS RESTRICTING SPEEDS ON THE BRIDGE 
WHICH w a s UNDERGOING REPAIRS 

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

Chief, Bureau of Safety. 


