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REPORT OF THE DIRECTOR OF THE BUREAU OF SAFETY IN RE 

INVESTIGATION OF AN ACCIDENT WHICH OCCURRED ON THE 
BOSTON & MAINE RAILROAD AT BALLOCH, N H , ON FEBRUARY 
13, 1928 

June 22, 1928 
To the Comimskwn 

On Febmaiy 13, 1928, theie i\as a del ailment o± a fi eight tiam on 
the Boston & Maine Ilailioad at Balloch, X H , icsulting in the 
death of thiee employees and one tiespassei, and the mjuiy o± one 
employ ee 

IjOC VTIOIs AJ»D METHOD 01 OPERAIIÔ  

This accident occimed on that pait of the Connecticut Kivei 
Division c\tending between Spungfield, Ma^s , and TVmdsoi V t , 
a distance of 109 11 miles In the vicinity of the point of accident 
this is a smgle-tiack lme oi ei which tiains aie opeiated by time­
table, tram oideis, and an automatic block-signal system Balloch 
is 3 47 miles south of Windsoi The initial maik of deiailment 
appealed at a public load ciossmg at giade located about 5,870 feet 
south of Balloch station, while the final dei ailment occuned opposite 
the fetation Appioaching the point of accident fiom the south the 
tiack is tangent and the giade i,s piactically level The tiack is 
laid with 85-pound lails, 33 feet in length, with an aveiage of 19 
ties to the i ail length, and is ballasted with giavel and cmdeis The 
tiack is well maintained There is a passing tiack pist south of the 
station, on the west side of the main tiack 

The weathei was cleai at the time of the accident, which occurred 
at about 12 50 p m 

DESCEIPIION 

Northbound fi eight tiam extia 2607 consisted of 33 cais and a 
caboose, hauled by engine 2607, and was m chaige of Conductoi 
Lamomeaux and Engmeman St Marie This tiam leit Claiemont 
Junction, 4 46 miles south of Balloch, at 12 38 p m , and while 
tiavelmg at a speed estimated to have been about 35 miles pei houi 
was dei ailed on account of the bieaking of the lowei aich bar on 
the left side of (lie ie.ii tiuek of the twelfth cai behind the engme, 
Westinoi eland Coal Co cai 1543 
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The fiist poition of the tiam, including the f o m a i d tiuck of the 
twelfth car, « as not detailed, but the leai truck of the twelfth cai 
was deiailed and loieed the west lail out of line neai the noith 
switch ol the passing hack, at a point about 300 leet south of the 
station The coupling bioke between the twelfth and thuteenth 
cais, and all of the cais in the leai of the twelfth cai, with the 
exception of the ±01 waid tiuck oi the hist 01 thiily-tliiid cai and 
the caboose, weie deiailed and scatteied about at vanous angles to 
the hack The seventeenth to the hvcnty-hist cars, inclusive, weie 
thiown to the west against the station building, which collapsed 
as a lesult theieof, and the file tiom a store located in the station 
caused the wreckage to ignite the flames entnely consuming the 
station and the fiie cais thiown against it Those killed and m-
juied weie section men, together with one highway employee, who 
wreie in the station at the time of the accident, having pist finished 
their noon meal 

suanvcinY or evidence 

None of the membeis of the ciewr was awaio of anything wrong 
pnoi to the accident Engmeman St Mane said that on looking 
back he saw a numbei of cais being detailed and that he theieloie 
placed the biake valve in full lelease and opened the thiottle in oidei 
to keep the foiwaid poition of the ham cleai of the wieckage, this 
part of the ham finally being biought to a stop with the leai end 
of the twelfth cai about 1,930 feet noith of the station Fneman 
Jenks and Head Biakeman Doniiny felt the an biakes apply fiorn 
the leai, and on looking back they saw the cais hemg dei ailed Con-
ductoi Lamouieaux and Flagman Sullivan weie nding in the ca­
boose, the conductoi thought the ti am came to a stop as, a lesult of a 
buist an hose until he was mfoimed otherwise by the flagman, who 
had been nding m the mointoi of the caboose and saw the cais being 
dei ailed Flagman Sullnan immediately went back to flag Aftei 
the accident membeis of the ciew sawr the bioken arch bar that caused 
the accident, and they said the fracture appealed to be an old one, 
only a small poition of the bieak being newr 

Westmoieland coal cai 1543, a hoppei cai, had a stenciled capacity 
of 100,000 pounds, it was built m October, 1904 It was inspected 
on its amval at East Deeifield yard, located about 71 miles south 
of Balloch, during the night of February 12, no exceptrori being 
taken to its condition The train also was inspected hy membeis of 
the ciew at various points en loute, but no defective condition was 
discoveied so far as cai 1543 was concerned Appaiently the aich 
bai failed m the vicinity of a ciossrng located about 5,870 feet south 
of Balloch station, the planking on the ciossmg at that point being 
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maikecl on the outside of the west lail foi the entue length of the 
crossing, the depression m the planking being about 6 inches in 
width and about one-fouith inch deep No furthei obstruction was 
encountered by the broken arch bai until the south switch of the 
passing track was reached, located about 2,800 feet noith of the cioss-
mg, at which point the west lail of the passing tiack wras stiuck and 
foiccd eastward, thiowing it out of line The aich bai evidently 
then rode high enough fiom this point noithward to avoid furthei 
damage to the tiack until the f iog of the noith switch of tlie passing 
track was leached, near the station, and aftei passing ovei the fiog 
the aich bai appaiently dropped inside the switch point, throwing 
the main track out of line and piccipitatmg the deiailment 

An investigation into the reason foi the failuie of the arch bar 
was conducted by Mi James E Howard, engmeei-physicist, whose 
leport immediately follows 

Rnroitr OF IMP ENGINEER-PHYSTGISI 

The accident to tiam extra 2607, Boston & Maine Railioad, at 
Balloch, N H , on February 13, 1928, was caused by the fiactuie oi a 
lowei aich bai m the leai truck of Westmoieland coal car 1543, the 
twelfth cai from the engine This aich bai wras located on the west, 
oi left, side of the tiuck, accoiding to the dnection the tiam was 
i unning 

The fiactuie of the aich bai and tie stiap of the tiuck frame made 
an opening through which the spung plank, its nest of helical 
spiings and the tiuck bolstei diopped upon the tiack, leading to the 
derailment of the real pait of the tiain, 21 cais The deiailment 
took place when the point of a passing tiack switch was leached, a 
distance of 317 feet south of Balloch station A part of the tiam 
left the loadbed, collided with and destioyecl the station, whcie the 
fatalities connected with the accident occuned 

Figure 1 is a paitial view of the type of aich-bai fiame which 
fiactmed It consisted of an upper and a lowei arch bai, a tie stiap, 
twro column castings, and through bolts 

Figure 2 shows side views of the two lowei aich bais ot the leai 
tiuck, the shape of the west auh bai aftei fracture, and the location 
of incipient ciacks in the cast aich bai 

Figuie 3 is a detailed view of each aich bai, from their undei 
sides, comprising sections which include the bolt holes of the column 
castings The fiactuie of the west aich bar ongmated at its mnei 
lowei coinei, dnectly below the rear edge of the spung plank It 
extended thence in an oblique dnection to the bolt hole of the column 
casting completing the mptuie of the bar by the fiacture of the 
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1'IG 1—IJnitiil \ie-n of Mich bru fiamp in foiwiud tiucK 
of du d ( ir 

Dncction trTin tineled 

I J I . 2—Lo^ei Ticli burs fiom rpu liuds of deinilpd cn Ann Ini from vent 
fidim fi ictmid Incipient c l i c k s in i n n b ir fioin opposift side ot t inclt 
Birs, mjdo of moii^lit iion 

The points of ongins of the incipient ciacks in the east arch bai 
will be noted They also weie located diiectly undei the leai edge 
of the spnng plank They extended fiom the undei edges of the 
bai obliquely toi^aid the bolt hole of the column casting These 
ciacks weie m piocess oi extension when the accident occimed A 

section between the bolt liole and the outei edge of the bai The 
picsencc o± the column casting bolt hole offeied a path foi the exten­
sion of the line of luptme, but was not piimanly a vital iactoi in 
onginating the fiactuie 
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4 

West arch bar 

Vic S—Vipw oi li ictiur of mbt nch bar iufl ni< lpieut enickb in oust null hm 

inch Unrlei the middle of the width of the plank theie ^as no 
loss of metal by abiasion The aich bai itself was bent concave, m 
downwaid dnection, cleaung the plank at the middle of its width 
The seats of the column castings weie worn to a depth of an eighth 
of an inch Similai conditions weie displayed by the fiactuied bai 

An explanation is called foi concerning the loci of the incipient 
points of mptuic of these two aich bais, fidefines which originated 
in the solid bais in close pio\imity to the column-casting bolt holes 
wheie the sectional aieas of the aich bais weie much leduced The 
gioss sectional aiea of the aich bais, 5 inches wade by 1% inches 
thick, was b '25 squaio inches each Aci oss the bolt holes the aiea 
was 3 95 sqnaie inches, a reduction of o\ei 36 pei cent Notwith­
standing this I eduction, only 2 niches away fiactuies onginated m 

deiailment fiom the luptuie of the east aich bai o i this tiuck was 
in piospect 

Tlie condition of the foiwaid tiuck of this coal cai became a 
Hidttei foi consideiation It was dismantled but found to be in 
good condition In fact it -nag found to be of moie lecent fabuca-
lion than the leai tiuck, although the age of eithei tiuck WAS not 
known The cai was built in Octobei, 1904 If a pait of the 
onginal constiuction of the cai, the fiactvued tiuck was 24 \eais old 

The seats of the spnng plank and column castings of the fiactuicd 
tiuck weie much worn At each edge of the spnng plank beat of 
the east aich bai the metal was MOIII to a depth of a sixteenth of an 
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I if 4—Fncturo of west arch bar undei bMXimfc itkt Bent 180 desiees, at 
location lj inches fiom fractuie utiich caused the denilinent 

Wrth such examples presented the deduction follows that caution 
should be exercised in attributing causes of failure to infeiioi physi­
cal propeities of the materials used when the tiouble perchance lies 
in the design of the structure 

The metal of the west arch bar, in the extension of the line of 
fiactuie, displayed some toughness, the metal about the bolt hole 
was elongated A bending test was made of the full section of this 
bar, the fiactuie of which is illustrated by Frgure 4 A moderately 
tough fibrous fiactnre was exhibited The bar bent nearly 180 de­
grees before ruptme The difference in the characteristic, of the 
seivice fiactuie and the bending test will be noted In seivice there 

the solid bais, in one of which the fractuie was complete, piecipitat-
mg the accident 

In each bai the inception of lupture boie a dehnite 1 elation to 
the edge of the spnng plank m the plane of concentrated lepeated 
stiesses Facts of this kind should not be oveilooked in the design 
of rolling stock 0 1 whereier shocks, vibiatoiy effects, or lepeated 
stresses aie to be met It is admittedly a difficult mattei to realize 
that such a difference rn conditions should pievail within the short 
distance of two inches as illustrated in the luptrue of these aich bars 
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I'io "i—Fmctured tuilucc of eist nch Im under bending test D m k colaitd 
paite of Incline rcpiesent incipient clicks which T\eie foimcd in the bit dunng 
its penod in sei\ice 

aie heie shown as the edges of the daik-coloied aieas on the frac­
tured ends of the bar In this cut the bai is viewed fiom the 
undeisicle Fractures began at each of the lowei coiners, and 
extended piogiessively upward and obliquely towaid the bolt hole 

The metal of the bai beyond the incipient ciacks retained its 
toughness, a featuie to be borne in mind, which distinguishes 
wrought 01 puddled iron from the behavioi of caibon steels of any 
giade This peculiarity of letention of toughness, notwithstanding 
the piesence of an incipient ciack, gives special value to wi ought 
non m many situations Other features of value will be mentioned 

Figuies () and 7 illustrate the appearance of tensile test pieces 
aftei fiactuie Those showm by Figuie 6 lepiesent test pieces in 

was no display of toughness in the metal, at the ongm of fiactuie, 
in the bending test theie was toughness' 

The dominating idea in the usual examination of fiactuied ma-
tenal attaches to the query whethei the fiactuied metal met the 
oiigmal specifications governing its acceptance, but a mattei which 
laiely has a lelation to the actual cause of fiactuie In the piesent 
case, howevei, it is believed that a bettei giade of wiought non 
would have postponed if not averted fiactuie 

Iiigure o lllustiatcs the appearance of the east aich bai aftei 
fiat tin e by bending test The inupient ciacks shown on Figuie 3 
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Mr c—I UTTUTFCL ti 1 sih specimens fiom i ist nul wist rueh bins nritmil «l iti 
of the metil 

'i, list ueh bu longitudmil specimen b v. est aicli bin loiiRiUului il specimen ( 
cisi ut'i b ii ci ossu ise specimen d i\est mill liu IIOSSVIIM specimen 

the naUual state of the metal, that is, the test pieces weie taken 
fiom the ends of the aich bais and tested without tieatment of 
anv kind One specimen fiom each bai was tested m longitudinal 
dnection, and one fiom each in ciosswi«e dnection It is we]] 
known that the stiengtb of wiought non is gieatei m lengthwise 

l'l' 7—1'iictuied tensile speci liens fioin cist midlist arch b"us nElei licUininf 
1 cist inch bn longituuiml specimen cold sunned, b west irch Ini loutihidin il 

specimen cold swugul, c eist nch bii, longitudinal specimm Ilcitod to 1,400° 1' md 
quenched in watei, d uist nub. Uii longitudinal specimen IIv\itiil to 1400° "F miri 
qucndiul in HAFEI 
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than m crosswise dnection, the lesnlts of the tests being noimal 
m that lespect 

Figuie 7 lllustiates the appeaiance of test pieces fiom each aich 
bai aftei special tieatment of the metal A longitudinal specimen 
fiom each bai was cold swaged The metal was extended undei 
the hammei 20 per cent, aftei which the tensile specimens weie 
piepaied A longitudinal specimen fiom each bai was quenched 
in watei fiom a tempeiatuie of 1,400° F 

'Ihese special tests weie made foi the piupose of showing how 
wi ought nous may be ticated and still letam good wToikable piop-
eihes Wi ought lions aie immune fiom ceitain dangeis which aie 
menacing to othei metals 

rlhe following table shows the lesults of the tests made with the 
specimens taken fiom the ai(h bais, the photogiaplis oi which 
appealed on Figuies 6 and 7 

Tfnisila t e s t ? of s p c t i m e n s f i o m t a i l and n est a u l i liai S 

[Specimens 2 inches lont, 0 505 jnch diameter] 

DESCRIPTION 

Melal in natuiftl state from the birs 
Last lengthwise West lengthwise 
Last trossu rse 
West crosswise Metal of bais irter Ire ltment longitudinal specimens 
Fast sh aged 
W:est awaged Las!. quenched 
\\ est quenched 

YIELD 
POINT 

I ht per 
sq inch 

27 SON 
28 000 
27 500 
25 000 

51 000 
49,000 
16 000 
38,000 

Tensile strength 

Lbs per 
aq \nch 

40 m 
42 000 
d'i 000 
26 W0 

(H 000 
57, 250 
00 250 
•B 7A0 

FLOUTI 
(.1011 

Per cent 
11 3 
20 O 
2 S 
4 0 

FI 3 
A O 
17 i 
22 0 

Contr letion of area 

Per cent 
20 9 
21 8 
5 8 

11 5 

27 5 
20 2 
21 1 
28 1 

These lesults aie lepoited aftei the usual fashion of tensile tests 
The yield point is somewhat above the elastic limit of the metal 
The tensile stiength lepieseuts the maximum stiess leached The 
elongation is a distoi ted factoi of little leal value It includes tho 
local conti action of the specimen, and does not theiefoie show7 the 
ibihtv of the metal to stictch undei its own stiength The tine 
elongation of the metal m a tensile test is the amount it has stietched 
wdien local conti action begins and mciease of tensile stiess has 
ceased The compaction of aiea as lepoited is a tine value 

These tests show the metal of which the aich bais weie made to 
have been oi mieiioi giade, unsuitable foi the mipoitant place whuh 
they occupied Responsibility foi the accident piesumptively at­
taches to the use of a pooi giade of wiought non in these aich 
Dais 

As a metal wi ought non commends itself foi such places as aich 
bais A superior giade of metal would eventually succumb to ie-
peated alternate stiesses and iiactuie without display of toughness 
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if exposed to sufficiently high stiesses Theio is no giade of non 
01 steel winch will not do this undci adveise conditions The reason 
why wiought 11011 is a good metal foi ceitain places is on account 
of its retention of toughness at the loot of an incipient ciaek A 
hbious metal has this piopeity A gianulai 01 ciystallme metal 
becomes buttle when an incipient ci ack is once started 

The gain in tensile strength of the swaged specimens will be noted 
Swaging and cold 1 oiling have the y m e effect in kind on the tensile 
strength of the non Geneial elongation was practically destioyed, 
but contiaction of area not appaiently distuibed 

Quenching fiom a high tempeiatuie had a profound effect on the 
tensile stiength of the non Each of the four features of the tests 
showed substantral gains Unlrke cai bides of iron, no hardening 01 
embnttlement of the metal attended sudden quenching 

Good contiaction of area has long been icgarded as a valuable 
featrne in metals against sudden and unexpected liiptuie It is 
lecalled that the late Professor Jcnney, of the Technical High School, 
Vienna, Austi 1a, attached special importance to this feature, legaid-
nig it as an index of supciionty of high degiee In view of the 
fact that ability to display peimanent elongation may be destroyed 
without haung shown an appieciable set, the letention of good con­
traction of aiea becomes a safeguaid against brittleness of fiactrrre, 
and therefore a featuie of piactical value I f seivice conditions 01 
special tieatment fail to impaii "contraction of area " as a factor, its 
practical impoitancc is ceitamly well founded 

The highei physical piopeitics of steels have enabled them to 
neaily drive puddled non out of the maiket So little use is being 
made of wrought non that its peculiar piopeities may eventually be 
lost sight of This oppoitunity therefore will be availed of to 
mtioduce some tests which have been made on wiought lions 

Foity-six yeais ago it was the pnvrlege of the writer to make some 
tests on single and double lefined wrought irons They weie bais 2 
niches in diametei, 80 inches long The oi lgmal tests, made in 1882, 
showed in lound nunibeis, elastic limits of 25,000 pounds pei squaie 
inch, tensile stiengths a little above 50,000 pounds pei square inch, 
elongation above 20 pei cent, and contraction of aiea in the vicinity 
of 40 pei cent 

Elongations weie measured on 10-inch lengths and lesults given on 
sections independent of local contiaction of area 

The lengths of these bars weie such that retests of the metal were 
practical to make Featmes which weie attracting notice m those 
eaihei days weie lllustiated in some of the tests The late Pio-
fessoi Thuistoii had called attention to the exaltation of the elastic 
limit by reason of ovcistrammg loads That is, a newr and highei 
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elastic limit was acqimerl following a pei iod of lest than the limit 
of the oveistiaining stiess Stiess-stiam cuives aie modified accord­
ing to the mannei in which the loads aie applied Aiiestmg the 
test aftei the tensile stiength was leached and slightly passed and 
then lenewmg the same aftei an intoival of rest, lesulted m increased 
tensile lesistance All of these phenomena indicated that the pai-
ticles of non, set in motion by an external force, gained in ngidity 
if allowed an interval of lest 

The gam in stiength once acquiied remains, but is lost bv exposing 
the non to a modeiately high'annealing temperature Cmient te«ts 
have indicated that lestoiation of pumitive strength is attained with 
haidly measui able change in dimensions of the specimen annealed 

Returning now to a discussion of the lefests of the bai of double-
refined wrought non, ongmally tested in the year 1882 Aftei re­
maining in a state of lepose foi an mteival of 22 yeais the bai 
showed an elastic limit of 66,000 pounds pei squaie inch, tensile 
strength, 70 000 pounds pei squaie inch, contiaction of aiea, 28 pei 
cent, lefened to the sectional aiea as it existed when the letesfc was 
made On the ongmal sectional aiea of the bai—that is befoie le-
duction m diameiei m the flist test—the tensile stiength was 61,200 
pounds pei squaie inch 

Foity-six yeais total elapsed when the non was again ictestcd 
The tensile stiength still lemamed at its acquiied maximum value 
It had a value of 72,000 pounds pei squaie inch, with a contiaction 
of aiea of 25 6 pei cent Thus it appeals that the ioices of cohesion 
enhanced by eaily oveistiaining and lest letained then mcieased 
lesistance foi neaily one-half a centuiy with no indication of le-
lease, the metal in the meantime having been exposed to atmospheiic 
temperature only 

Figuie 8 shows the appeal ance of tensile specimens aftei fractuie, 
which weie taken from this bai of wiought non, ongmally tested m 
1882 Figuie 8 a lepiesents the test piece in the natui al state of the 
iron, figmes 8 i and 8 c aftei the metal had been annealed at 900° 
and 1 400° F , respectively 

The lesults of these thiee specimens appeal on the following table 

Teiuile tests of specimens of douMe-ieftneil ILI ought von, Jsb yeais aftei onyalai 
test 

[Original tensile strength, 50 000 pounds per brjuore inch] 

Descilptlon Tensile strength Contraction 
of area 

Specimen 8 a Specimen B b} Specimen 8 c 
natural state _ 
annealed it 1100° F 
annealed at 1 400° F _ 

Jjbs per 
$q inch 
72 000 
CO flW) 
18 6O0 

Per cent 
25 a 
11 8 
36 0 
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It will be seen that annealing a r 900° F lowered the tensile 
stiength which it had acqimed by ovei sti ammg, in amount neaily 
12,000 pounds pei squaie inch and exposuie to the highci annealing 
tempeiatuie oi 1400° F lowcied it anothei 12,000 pounds pei squaie 
inch, the lattei value being below the piinntive test Finishing 

Fit. 8—Specimen;, from l>u of double refined Tuou^ht iron Oil^iml test mnde 
in 1882 

l, tested in mtmnl stite iftei 40 jeiis nst b iiiiieilid at 000° J c inneiled 
it 1,100° 1 

lempeiatuics have an influence on pnmitivc stiength, hence this 
iesult does not lequne special comment It is a mattei o i inteiest, 
howeiei, m the study oi the physics of this metal, to note that the 
lelief in ngidity of 12,000 and 24,000 pounds pei squaie inch ioi the 

I'id •)—1'lom bai of double LDHIIED moonlit non tested in 1882 Stmn gauge 
int \hin< mtn Is m id( nffti diffeient tieitments 

two annealing tcmpeiatmes lespectiveky, \ u s accomplished with 
ha icily any measuiable change in the lineal dimensions of the non 

Figuie 9 icpiesents a section 12 inches long, 1 85 inches diametei, 
fiom the bai of clouble-ienned non, fiom which this and the seveial 
test pieces weie taken Stiam gauge measuiemcnts weie made on 
this section, thiee gauged lengths 10 inches long each, spaced cu-
cumfeientially 120° apait, and designated by the letteis a, and c 
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The bai was first subjected to progressive annealing tempeiatmes 
fiom 200° F to 1,400° F , with muements of 200° each Theie weie 
apparently some mmoi changes at times in plus 01 minus dnections 
on the gauged lengths, but on the w hole it could not be said that any 
matenal chauge occuned It was heated m an electnc furnace and 
furnace cooled 

Aftei the se\eial annealings weie completed the bai was suddenly 
heated in an open fire to approximately 1,700° F and cooled m lime 
This tieatment caused an aveiage shoitenmg of 0 0027 inch, equiva­
lent to a compiessive stiess of 7,300 pounds per square inch, based on 
a modulus ot elasticity of 27,000,000 pounds per square inch 

The bai w as next heated along elements b and c, about 8 inches 
each, with an oxy-acetyleno toich, and cooled m the an Element b 
was hist heated When told it was found shoitencd 0 0122 inch, 
equivalent to 32,900 pounds pei squaie inch compiessne stiess Ele­
ment c was shoitenecl 0 00)7 inch Element a was mciea^ed in 
length 0 0023 inch That is, the two elements heated and oveicom-
piessed at the time, when cold, weie shoitei than ongmally, while 
the element not heated was longei finally 

In the next operation element a wTas heated with a toich in the 
same mannei as befoie When cold this element was shoitenecl, the 
two unheated ones weie each lengthened 

The bai was next heated in a gas furnace to 1,700° F and furnace 
cooled Each element was found shoitenecl It was again furnace 
heated to 1,700° F and quenched m watei Each element was again 
shoitenecl It was next heated to 1,100° F in an elecLiu furnace and 
quenched m watei It conti acted in length a mocleiate amount 
Finally it was heated lapidly in an electnc furnace to 1,250° F and 
quenched in watei Veiy pionounced contiaction in length then 
resulted The mean total contiactron of these seveial tieatments was 
0 0328 inch, equivalent to a stiess of 88,560 pounds pei squaie inch 

In leview when one oi two elements weie heated they weie found 
to have been shoitened when cold The unheated elements weie 
lengthened When the entne bai was heated theie wTas a contiaction 
in length on each gauged length 

The examination was completed by bonng out the metal of the 
cere of the bai, leaving the walls 013 inch thick, wheieupon the 
shell expanded on each gauged length The suiface metal at the end 
of the series of tests was theiefoic in a state of internal compiession, 
equivalent to a stress of 28,350 pounds pei .square inch, oi not far 
from the elastic limit of the metal 
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I ast anueohnt it 1.000° F 
Annealed 'ill 21)0° F 
Annealed at 1,400° F 
Heated suddenly in open Are to 1 700° 1 , cooled in lime 
Fitments b and c heated with acetylene torch about 8 inches of length 
Element« heated with torch _ 
Annealed in furnace at 1 700° 1 
ITeated to 1,700° F , quenched in water 
Heated to 1 100° F quenched m water 
Heated suddenly to 1,250° F , quenched in iiater 
At this stage the total changes in lengths from the original length 
of the bar of the three JO inch (.uiged lengths were 
Ihemcin contraction, therefore was —0 0328 Frovided the 

metal \i is capable of displajinc such a high degree of elastic com 
predion or resilience, this amount of coiiipreisun w ould bo equi\a 
lent to a stress of 88 *i60 pounds per square inch 

Core of bar bored out i\alls no\i 0 13 inch thick--

Successive changes on {.nugc lengths 

+0 000 5 
- 0001 - 0052 + 002S 
- not.2 
- 003ri 
- 0072 
- 00O7 
- 01J2 

+ 0104 

+o oooi 
- oooi 
- m'u 
- 0122 
+ 0107 
- 0106 
- 0083 
- 01.13 
- 0118 
- 0346 

+ 0106 

H 0 0001 + 0001 + 0004 
- 00o7 + 000r) 
- 0024 
- OlOd 
- 0003 
- 0140 
- tms 

+ 0100 

Mean e\pansion, +0 O10r>, equivalent to 28j350 pounds per square inch compicssion 

Othei examples, might be added, showing the behavioi of in ought 
nons undei what would seem untavoiable conditions Tests made in 
1901 on best puddled non showed a decided advance in the value of 
the elastic limit aftei a few days icsfc following an oveistiaining load 
With an oiigmal elastic limit of 32,700 pounds pei squaie inch the 
test piece was loaded to 35,000 pounds pei squaie inch, causing a 
peimanent set, of 0 24 inch m 10-mch lengths Aftei a iest of eight 
days, without load, it sustained a stiess of 40,000 pounds pei squaie 
inch without additional set It displayed an increased set at 41,000 
pounds pel squaie inch This grade of non showed gains m rigidity 
langmg fiom 4,000 to 7,000 pounds pei squaie inch, accoiding to 
the oiciloads applied and mtei\als of iest 

In addition to the /one of mcieased rigidity immediately above the 
pumitive elastic limit, the influence of overstiaming seemed to leach 
even to the tensile stiength of the metal, mcieasnig that value in 
some degree 

Noiway non, neaily pine non, was included m a senes of tests 
made m 1901 Oiigmal tensile stiength 41,800 pounds pet square 
inch, conti action of aiea 717 pei cent Ovei strained writh 25,000 
pounds pei squaie inch, showed the usual exaltation in elastic limit, 
and aftei a iest of 7 days an appaicnt gam in tensile stiength Ovei-
straining at 31,000 pounds pei squaie inch with 7 days' iest showed a 
gain in tensile stiength of 6,600 pounds pei squaie inch, an mciease 
too gieat to admit of any doubt of its existence and its cause 

Iii tabulated foim these lesults appeal as follows 

Twatment of double lefincd wiovylit-von liiu 

[Tensile strength, original test made in 1S8J 50 000 pounds per squire inch) 
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On the other hand, some eailiei annealing tests made 36 yeais ago 
on eold-ioiled non shafting showed a piogiessive deciease m tensile 
stiength 1 exulting fiom annealing tcmpeiatuies ranging fiom 400° F 
to 1,768° F Theie was a conesponding lowenng of the elastic limit 
and accompanying mcicase in both elongation and compaction of 
aiea 

Examples of the bchaYioi of wiought non might be multiplied, 
all to the effect of lllustiatmg its valuable piopeities It can be 
heated and quenched at any temper aime without causing bnttlene.ss 
Its elastic limit and tensile stiength is even laisecl b j such treatment 
It can be ovei shamed and m a few days display mci eased rigidity 
lequinng the application ot a much highei stiess before it takes an 
mci eased peimanent set 0\ei stiaming a fewr thousand pounds 
above its p inmtne elastic limit, and it acquires an exalted elastic 
limit with mcieased lesistance Icaching even to its ultimate stiength 
If stiamecl up to its tensile strength, m a few months oi years it will 
display a much highei stiength As expeinnents herein emoted hn\e 
shown, the gam in tensile stiength l emams a hxed quantity ap-
pioaching a half centuiy in time, hence it may be classified as a 
peimanent gam 

DifFcient kinds of ticatment show little oi no effect upon its con­
traction of area If good contraction of aiea is le tamed, it is quite 
cleai that warning will be gnen impending fiactuie when exposed 
to i up tilling stiesses 

The effect of repeated alternate stresses on wi ought irons are the 
same as conesponding stiesses upon steels The ability to elongate 
is destioyed and luptme ensues without appieciable display of duc­
tility, m the sense of taking a peimanent set While the lesulljs of 
compiehensive expeiiments aie not at hand, the belief is enteitamed 
that theie is no metal which will lesist niptuie caused by repeated 
alternate stiesrses without displaying bnttleness of fractuie 

High manganese steel, noted foi its exceptional toughness, will 
fiactuie under lcpeated stiesses without display of appieciable duc­
tility This metal, bowe^ei, has the exceptional ability of showing 
toughness in resisting the extension of incipient ciack,s W i ought 
uons and high manganese steel each show similai behavioi m tins 
lespect 

So far as known no internal fissuie lias been found m wi ought 
non The most drastic tieatment, heating and quenching fiom 
high tempeiatures m oil, watei, oi bnne none have caused the intro­
duction of interior oi extenoi ciacks Wiought non is not as strong 
as common grades of carbon cteels which aie used m engmeeimg 
structuics It is stiongei howevei, than the loads which engineer­
ing structiues aie supposed to be exposed to These lemaiks seem 
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to be assuming a panegyuc on wiought non neveitheless tliey state 
only facts They aie due as a testimony to a good all-iound metal 
One of its stnkmg ieatuies in the physics of the metal is its stability 
in dimensions while changes m stiength aie going on when exposed 
to diffeient annealing tempeiatiucb 

In conclusion, the cause of the precent accident attaches to the 
iiactuie of the atth bai on the west 01 left side of the leai tiuck of 
YWtmoieland coal cai l.Hii The type of fiactuie indicated ex-
posuie to lepeated sties<-es, which m tension concentiatecl at tie 
nuclei side of the bai cluectly below the ieai edge of the spnng 
plank Xo cnticisin attaches to the use of wiought non as the 
metal of the aich bai, cuticism, howe\ei, does attach to the use of 
an infeiioi giade of wiought 11011 in this nni>oitant place 

SCMMA11Y 

The cause of the piesent accident «a« clue to the fiactuie of an 
aich bai in the ieai tiuck of AVestmoieland coal cai 1543 Tests of 
the physical piopeities of the metal showed an mfenoi giacle of 
wiought non had been used in its iabiication A bettei giade 
of wiought uon doubtless would h.ue postponed the ace lent 01 
pei haps aveited it 

Pnoi to the accident liaetuies weie in piogiess in each of the 
lowei aich bais of the ieai tiuck of this coal cai Then ongms 
weie at the lowei comeis of the bais Each lowei ooinei of the east 
bai had an incipient ciack The fiactuie oi the west bai staited at 
the low ci mnei comei 

They weie piogiessive fiactuies of unknown date oi inception, 
and difficult of detection m the tiuck fiame undei seivice condi­
tions It is iccogmzed that this type of tiuck fiame is being super­
seded by otheis of unit oi diffeient constiuction Neieitheless a 
Luge niimbei of aich bai fiames aie still in cunent seivice The 
mannei ol failuie of this bai shows wheie attention should centei 
in the inspection of tiucks of this type 

The engmeei-physicist has dealt extensively with the physical 
piopeities of wiought 01 puddled nons They possess piopeities 
of pecuhai value foi many situations 

Respectfully submitted 
W P BOMJAND Dueetoi 
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