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INTERSTATE COMMERCE COMMISSION

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

Jux~e 22, 1928

To the Commassion
On February 13, 1928, thele was a detallment ot a fretght tiain on

the Boston & Mame Raihioad at Balloch, N H, tesulting in the

death of thiee employees and one tiespasser, and the mnjuy of one
employ ee
LOCATION AND METHOD OF OPECRALION

This aceiwdent occurred on that pait of the Connectient River
Division extending between Sprngfield, Mass, and Windeor Vi,
a distance of 109 11 miles  In the viemnity of the point of accident
this 15 a single-tiack line over which tiamns are operated by time-
table, train o1deis, and an automatic block-signal <ystem  Balloch
18 347 mles south of Windsor  The mmtial maik of derailment
appeared at a public 1o0ad crossing at grade located about 3,870 feet
south of Balloch station, while the final derailment occurted opposite
the station  Approaching the point of acudent fiom the south the
track 1s tangent and the girade 18 practically level The tiack 1s
lawd with 85-pound 1ails, 33 feet m length, with an average of 19
ties to the rail length, and 15 ballasted with giravel and cindeis  ‘The
track 15 well mamtaimed  There 1s a passing tiack just south of the
station, on the west side of the main tiack

The weather was clear at the time of the aceadent, whiel occurred
at about 12 50 p m

DESCRIPIION

Northbound fieight tiain extia 2607 consisted ot 33 cars and a
caboose, hauled by engine 2607, and was m chaige of Conductol
Lamowmeaux and Engineman St Marie Tlus tiam lett Clazemont
Junction, 446 miles south of Balloch, at 1238 p m, and while
tiaveling at a speed estimated to have been about 35 nmules per hout
was derailed on account of the meaking of the lower aich bar on
the left side of the 1ea1 truck of the twelfth car behind the engine,
Westinereland Coal Co car 1543
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The first portion of the tiain, including the forward tiuck of the
twelfth cai, was not detailed; but the 1ear tiuck of the tweltth cax
was derailed and {oiced the west 1a1l out of line near the noith
switch of the pasaing tiack, at a pomt about 300 ieel. sonih of the
station  The coupling biroke between the twelfth and thuteenth
cars, and all of the cars i the 1emr of the twellllh car, with the
exception of the foiwmd trucde of the last o1 thn(y-thud ear and
the caboose, were derailed and <eatteted about at varions angles to
the tiack The seventeenth to the twenty-Inst cais, mclusive, were
thiown to the west aganst the station building, which collapsed
as a result thereof, and the fite from a stove located in the station
cattsed] the wredkage to 1pgmite the {lames entiely consumung the
station and the five ca1s thrown against 16 Those lulled and 1n-
juied weie section men, together with one lnghway employee, who
wele 1n the stalion al the time ot the acaident, having just finished
their noon meal

SUMMARY OF LVIDhNCE

None of the members of the vew was awale of anytlung wrong
prior to the aceident Engineman St Alaile said that on loolang
back he saw a number of cars being derailed and that he therelore
placed the Inake valve m full 1elease and opened the thiottle 1n order
to keep the forwaird portion of the tramn clear of the wieckage, this
part of the tiamn finally being brought to a stop with the 1ea1 end
of the twelfth car about 1,930 teet noith ot the station TFneman
Jenks and Head Biakeman Dominy felt the au biakes apply fiom
the 1ea1, and on locking back they saw the cais being derailed  Con-
ductor Lamoureaux and [Jagman Sullivan weire 11ding 1n the ca-
Loose, the conductor thought the tram came to a stop as a 1esult of a
buist ann hose until he was 1niormed otherwise by the flagman, who
had been 11ding m the momtor ¢t the caboose and saw the cais being
deimled Flagman Sulhvan immechately went back to flag  After
the accrdent members of the c1ew saw the broken arch bar that cansed
the acoident, and they said the tracture appeared to be an old one,
only a small portion of the break bheing new

Westmoreland coal ca1 1543, a hopper cal, had a steneiled capacity
of 100,000 pounds, 1t was bwlt 1n October, 1904 Tt was mnspecled
on 1ts ari11val at East Decrfield yaid, located about 71 mules south
of Balloch, duting the mght of February 12, no exeception being
taken to 1ts condutron The train also was mspected by members of
the ciew at varlous points en route, but no defective condition was
discovered so far as ca1 1543 was conceined Appatently the aich
bar failed 1n the viamty of 4 crossing located ahout 5870 feet south
ot Balloch station, the planking on the crossing at that pomt being
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maiked on the outaide of the west 1a1l for the entne length of the
crossing, the depression 1n the planking bemng about 3 inches 1n
width and about one-fourth inch deep No further obstiuction was
encountered by the brolten aich bai until the south switech of the
passing track was reached, located abont 2,800 fect noith of the crosg-
g, at which point the west 1a1l of the passing track was stiuck and
forced eastward, thiowing 1t out of lne The aich bar evidently
then 1ode high enough fiom this point noithwaid to avoid further
damage to the tiack until the f1og of the north switch ot the passing
tracl was 1eached, near the station, and after passing over the fiog
the aich bai apparently diopped inside the switch pomnt, throwing
the main track oul of line and precpitating the deraillment

An 1nvestigation mto the reason for the tailuie of the arch bar
was conducted by A1 James T Howard, engineci-physicist, whose
report, immediately follows

Rrororr orF 1Hr ENGINERR-PHYSICISL

The accident to tiam eatra 2607, Boston & Mane Railioad, at
Balloch, N H, on February 13, 1928, was caused by the fiacture ol a
lower aich bar 1n the 1ea1 truck of Westmoieland coal car 1543, the
twelfth car from the engme  This aich bar was located on the west,
o1 left, side ot the truck, according to the diection the t1ain was
running

The fracture of the arch bar and tie strap of the truck frame made
an opening through wliuch the spiing planlk, 1ts nest of helical
sprngs and the tinck bolster diopped upon the t1adlk, leading to the
derailment of the rear pait of the tizin, 21 cms The deranlment
took place when the pomnt of a passing tiack switch was 1eached, a
distance of 317 feet south of Balloch station A part of the tiamn
Ieft the 10adbed, collided with and destioyed the station, wheie the
fatalities connected swith the aceident occuiled

Figme 1 15 a paitial view of the type of aich-bar frame which
fractured It comsisted of an upper and a lower arch bar, a tie stiap,
two column castings, and through bolts

Figure 2 shows side views of the two lower aich bars of the 1ea1
truck, the shape of the west aich bai after fracture, and the location
of meipient cracks 1 the cast arch bai

Tigme 3 15 a detailed view of each airch bai, from their under
sides, compiising sections which include the bolt holes of the column
castings  The fractuie of the west aich bar onigmated at its mnel
lower corner, dunectly below the rear edge of the spung plank It
eatended thence 1n an obhque direction to the bolt hole of the column
casting completing the 1upture of the bar by the fiacture of the
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section between the bolt hole and the onter edge of the har  The
presence of the column casting holt hole offered a path tor the exten-

sion of the Iime of 1uptne, but was not primatily a vital tactor
ortigmating the fractme

Iic T —Tailil view of aich bar frame 1y forward fruch
of detaaled oar

Dnection tram fraveled

— -

I'i. 2—Lowel ateh bars fiom reir tiuck of deralled cm

fiame f1actued Tnupient ericks
Bars maile of wiouzht non

Alch b from wesr
weh bar figm opposife side of tiuck

The points of origins of the maplent cracks mn the east arch bay
will be noted They also weie Jocated duectly under the tear edge
of the spiing plank They extended from the under edges of the
bar obliquely towaid the bolt hole of the column casting These
aacles wele 1 plocess ol extension when the acadent oceuried A
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derailment from the ruptwre of the east arch bar of this tiuck was
In prospect

The condition of the forward tiuck of tlus coal car became a
maetter for constderation It was dismantled but found to be n
good condition  In fact 1t was tound to be of more 1ecent fabiica-
trton than the tear tiuck, although the age of either t1uck was not
Inown  The car wag bult i October, 1904 Tf a pait of the
otiginal constiuction of the car, the fiactuied tiuck was 24 vears old

The seats of the spring plank and colunn castings of the fiactined
tiuck were much woin At each edge of the sprng plank seat of
the east aich bar the metal was worn to a depth of a sixteenth of an

ar, lncipien
Cy Fa Do cracks

FIe 3 —View of fiaetmie of west ueh bar wmd mopient eracks i enst ardh bt

mech  Under the middle of the wylth of the plank theie was no
loss of metal by alnasion  The arch bar 1tself was bent concave, 1n
downwatd dnection, clearmg the plank at the middle of 1ts width
The seats of the column castings were woin to a depth of an eiphth
of an 1neh  Suilar conditions were displayed by the fiactmed bar

An eaplanation 1s called for concernming the low of the neipient
points of 1upture of these two arch bars, fractmes which origimated
m. the solud bars 1 close provimuly to the colnmn-casting bolt holes
whete the sectional aieas of the aich bais were much 1educed The
gross sectional area of the aich bais, § nches wide by 114 inches
thick, was 625 squate mches each  Acioss the bolt holes the alea
was 395 square inches, a reduction of over 36 per cent Notwith-
standing this 1eduction, only 2 inches away fiactwes originated 1n
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the solid bais, in one of which the fractme was complete, precipitat-
g the accident

In each bai the inception of r1upture boie a defmite 1elation to
the edge of the spring plank in the plane of toncentiated 1epeated
stiesses  Facts of tlus Innd should not be overlooked 1n the design
of rolling stock o1 wherever shocks, mibratory effects, or 1epeated
stiesses ale to be met It 15 admittedily a difficnlt matter to 1ealize
that such a difference i conditions should prevail within the short
distance of two inches as Hlustrated 1n the 1upture of these aich bars

I1c 4 —Fiacture of west arch bar under bendmg icst  Bent 180 deglecs at
location 15 1nches fiom fractwe which eaused {the dei-ulment

With such examples presented the deduction follows that caution
should be exercised 1 attributing causes of failure to 1nfeiion physi-
cal propeities of the materials used when the tiouble peichance hes
mn the design of the structure

The metal of the west arch bar, in the extension of the line of
fiactme, displayed some toughness, the metal about the bolt hole
was elongated A bending test was made of the full section of this
bar, the fiactute of which 1s illustiated by Figure 4 A moderately
tough fibrous fiacture was exhibited The bar bent nearly 180 de-
grees before rupture The difference i the characteristic, of the
se1vice fracture and the bending test will be noted In seivice there
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was no dwsplay of toughness in the metal, at the onigm of fiacture,
i the bending test thete was toughness

The dominating idea 1 the usnal examination of fiactured ma-
terial attaches to the query whether the fiactured metal met the
original specrtfications goveining 1ts acceptance, but a maiter which
1arely has a 1clation to the actnal cause of fiacture  In the present
case, however, 1t 1s believed that a befter prade of wiought on
wonld have postponed 1f not averted fracture

Migute 5 1llustiates the appearance of ihe east arch bar after
fractuie by bending test  The mncipient cracks shown on Figue 3

H i . W

I'te 5 -—Tanctared suifuwee of east aich bar under bending test  Duik coloircd
pails of fuiclute represent mceiplent c1acks which nele formed i the han duiing
1ls perwod 1u serviee

are here shown as the edges of the daik-coloied areas on the frac-
tuied ends of the bar In this cut the bar 18 viewed fiom the
underside  Faactuies began at cach of the lower coiners, and
extended moglesavely upward and obliguely towaid the lolt hole

The metal of the bar beyond the ineipient cracks retained its
toughness, a feature to be boinme m mund, which distinguishes
wiought o1 puddled 1ron from the behavior of eaibon steels of any
gtade This pecnliarity of 1etention of toughnees, notwithstanding
the presence of an neipent crack, gives special value to wiought
110n 1n many situations  Other features of value will be mentioned

Frputes 6 and 7 allustrate the appearance of tenscile test pieces
after fiactmre  Those shown by Figuie 6 1epiesent test preces 1n
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Tie 6 —Tayctured torsale specimens fiom st md wost nieh bals noatuial <l
of he metal

1, st oueh bu o wongtodmat spocimen Bowest arch bal longiiunal specimen ¢
CLEL e DL A0ssuIse specimcell (4 Nent #1ch DU cLassWIse Specumen

the natwral state of the metal, that 1s, the test eces were taken
fiom the ends of the arch bars and tested without {ieatment of
any kind  One speamen from each bar was tested mn longitudinal
duection, and one fiom each i crosswice dnection Tt 15 well
known that the stiength of wiought non 15 greater m lengthwise
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P16 T —Y1ackured tensile speci nends from cist and west arch baty after 1ieabmept

et wich bu longutudinid specmen  cold swaged, b west areh b longitudingd
speeamen cold swaged, o east ach b, longitudinal specamen Tleated to 1,400° I and
quenched i water, (4 wigt avch bau Jougitndial speewmen  ITeatid to 1400° T and
quuinched i nafer
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than 1n crosswise duection, the 1esnlis of the tests bemng normal
in that 1espect

Fipgme 7 illushiates the appearance of test pieces fiom each aich
bat after special treatment of the metal A longitudinal specimen
from each bar was cold swaged The metal was extended under
the hammer 20 per cent, after which the tenstle specimens wele
mepared A longitudinal specimen fiom each har was guenched
m water fiom a temperatuie of 1,400°

These special tests were made for the puipose of showing how
wiought 11ons may be treated and still retain good woirkable prop-
ertwes  Wiought nons a1e immune fiom certain cdangers which are
menacing to othel metals

The following table shows the 1esults of the tests made with the
spectmens taken fiom the aich bars, the photographs ol which
appeated on INgures 6 and 7

Tensile tests of specrmens from cast and west aich bars

[Bpecimens 2 mnches long, 0 505 imch diamaeicr]

Yield Tensile | Flonfr  |Contr ickion
Deseriplion pont strength 1o ol arca
The per Lbs per
Melal o natwal state from Lhe bars s tnch sq 1nch Per cent Per cent
Easl lcnpthwise 27 500 , 40 W0 13 20 9
West lenglhw se 28 000 42 000 20 2 21 8
hasl crossw1se 27 500 | 43 000 28 58
West crosswise 25 000 26 500 40 115
Metal of bus after v ttment longiiudinal speeinens
Fast swaged 5] 000 G QU0 6 27 &
West swaged 49,000 57, 250 0 20 2
Eask gucnehed 16 000 G0 250 17 3 241
West quenched A8, 000 52 750 22 0 28 %

These 1esults ate reported after the usnal {ashion of tensile tests
The yvield pomnt 15 somewhat above the elastic Ll of the metal
The tencile strength 1epresents the maximum stiess 1eached The
elongation 15 a distorted factor of little 1eal value It includes the
local contraction of the specimen, and does not thetetore show the
ability of the metal to stictch under its own strength  The tiue
elongation of the metal 1 a tensile test 15 the amount 1t has stretched
when local contiaction begins and incease of tensile stiess has
ceased  The contiaction of area as 1epoited 15 a true value

These tests show the wetal of which the aich bais wele made to
have been of inferion grade, unsmtable for the important place which
thev occupied  Responsibility for the accident presumptively at-
taches (o the use of a poor grade of wronght non n these airch
Pats

As a metal wiought 1mon commends 1teelf for sueh places as aich
bats A superior grade of metal would eventually succumb to 1e-
peated alteinate stresses and tfracture without display of toughness
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if expoced to sufliciently high stiesses  There 15 no grade of non
ol steel which will not do this under adverse conditions The 1eason
why wiought non 18 a2 good metal for certan places 18 on account
of 1ts retention of toughness at the 100t of an mmeapient cack A
fibious metal has this propeity A granular o1 ciystalline metal
becomes biittle when an ineipient crack 1s once started

The gain 1n {ensile strength of the swaped specimens will be noted
Swaging and cold 10lling have the came effect 1n kind on the tensile
strength of the non  General elongation was prachically destioved,
but contraction of area not appaiently disturbed

Quenching fiom a high temperatuie had a profound effect on the
tensile stienglh of the non  Kach of the four features of the tets
showed substantial gains  Unlile caibides of 11on, no hardening o1
embtittlement of the metal attended sudden quenching

Good contraction of atea Las long heen 1egarded as a valuable
featme 1 metals apainst sudden and unexpected 1uptme It 1s
recalled that the late Professor Jenney, of the Technical High School,
Vienna, Austira, attached special importance to this featme, 1egmid-
mg 1t as an 1ndex of supenotity of high degiee In wiew of the
fact that ability to digplay permanent elongation may be destioyed
withouwt having shown an appireciable sel, the 1etention of good con-
t1action of area becomes a safegnard against brittleness of fracture,
and therefore a feature of practical value If service condifions o
special treatment fa1l to impan “contiaction ot area ™ as a factoy, 1ts
practical imporiance 15 certamly well founded

The higher physiwcal propeities of steels have enabled them to
neaily drive puddled non out of the maiket So little use 15 being
made of wionght non that its peculiar properties mav eventually be
lost. saght of This oppoitumity therefore will be avaled of to
mmti1odnce some tests which have been made on wiought nons

Foi1ty-s1x yeals ago 1t was the privilege of the wiiter to make some
tests on single and double 1efined wrought irons  They weie bais 2
mches 1n diameter, 80 mches long  The ortiginal tests, made m 1882,
showed 1 10und numbeis, elastic linuts of 25,000 pounds per squaie
nch, tensile stiengths a Little above 30,000 pounds per squaie inch,
clongation above 20 pe1r cent, and contiaction of area 1n the vieinity
of 40 pe1 cent

Elongalions were measured on 10-mch lengths and 1esults given on
sections independent of local contiaction of area

The lengths of these bars weie such that 1etests of the metal weie
practical to make TFeatmies which weie attiacting notice 1 those
eailier days were ilustiated in some of the tests The Iate Pro-
fessow Thwmston had called attention to the exaltation of the elastic
hmit by reason of overstraiming loads That 1s, 2 new and higher
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elastic lunit was acquired following a pertod of 1est than the Linut
of the overstiaming stiess  Stressstrain curves are modihed accord-
mg to the manner m which the loacds are applied Aitesting the
test after the tensile stienglh was 1eached and shghtly passed and
then 1enewing the same after an interval of rest, 1esulted 1n mcreased
tenaile 1esistance  All of these phenomena mndicated that the pai-
ticles of non, set 1n motion by an external force, pained 1 11gidity
1t allowed an mterval of rest

The gamn 1n stiength once acquired remains, but 1s lost by exposing
the 11on 1o a moderately high’afinealing temperature Cuiient tests
have indicated that 1estoration of primitive strength 1 aitained with
hiardly measwm able change i dimensions of the specimen annealed

Returming now to a discussion of the relesis of the bar of double-
refined wrought 11on, origmally tested i the year 1882  Afler 1e-
maining 1n a state of 1epose for an inteival of 22 years the ba
showed an clasti. lmut of 66,000 pounds per squaie nch, tenaile
strength, 70 000 pounds per square mech, contiaction of area, 28 per
cent, 1eterned to the sectional area as 1t existed when the 1etest was
made On the o11ginal sectional area of the bm—ithat 15 before 1e-
duction 1n diameter m the first test—the tensile stiength was 61,200
pounds per square mnch

Fotty-six vears total elapsed when the 1on was agamn 1etested
The tensile stiength still 1emained at ity aequited maximum value
It had a value of 72,000 pounds per square inch, with a contraction
of area of 256 per cent Thus 1t appears that the 1o1ces of cohesion
enhanced by eaily overstiaiming and 1est 1etained then incicased
1esistance for nearly one-half a centiy with no indication of 1e-
lease, the metal m the meantime having been exposed Lo atmospherie
temperatwe only

Frgme 8 shows the appeaiance of tensile speamens after tractue,
which wele taken from this bar of wiought non, originally tested in
1882 TFiguie 8 @ 1epresents the test piece 1n the natw al state of the
won, figmes 8 & and 8 ¢ after the metal had been annealed al 900°
and 1400° ¥, respectively

The 1esults of these thiee specimens appear on the following table

Tensiba tests of specmens of double-refined wiought won, 46 years after onginal
test

[Original tensie strength, 50 000 pounds per sguore ieh]

Tensile |Contraction
Deseniption strength | af area

- —— e - - |

Lbs per

3q wAch Per cent
Specunen 8 ¢ natural state _ _ - 72 000 25
Specimen B b, onnealed 4t 000° B - G0 600 11 8
Speeimen 8 ¢ annealed at 1400° F _ 48 600 3640
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Tt will be <een that annealing at 900° I' lowered the tensile
stiength which 1t had acquued by overstiaming, in amount neaily
12,000 pounds per squate mnch and eaxposule to the higher annealing
temperalure ot 1400° F loweied it another 12,000 pounds per square
mch, the latter value bemg below the primitive test  IFinishing

i 8 —hpecimens from bu of double refined wiou ht won  Oilzinal test made
1842

1, tested m nitwial gtate after 40 yers 1est boanpealod at 900° T ¢ annealed
al 1,100" 1

temperatutes have an influence on prnmtive stiength, hence ihis
resitlt does not 1equite special comment It 1s a matler of mterest,
howevel, n the study ol the physics of tlus metal, 1o note that the
1elief m 11gidity of 12,000 and 24,000 pounds per squale inch for the

I'ic 9 —liom bar of double refined wioughl non tested m 1882 biiaan gauge
me s oments mde aficr Mifferent tieatments

two annealing fempetatures respectively, was accomplished with
hardly any measurable change mn the linear dimensions of the n1on
Tiguie 9 1epiesents a section 12 inches Iong, 185 nches diameter,
from the bar of double-iefined 1won, fiom wlich this and {he several
test preces wele taken  Stiamn gauge measmements were made on
this section, three gauged lengths L0 inches long each, spaced cu-
cumferentially 120° apatt, and designated by the letters a, &, and ¢
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The ba1 was first subjected to progiessive annealing temperatuies
fiom 200° F to 1,400° I, wath inciements of 200° each  Theie were
apparently some nmuno1r changes at times m plus o1 mnus directions
on the gauged lengihs, but on the whole 1t conld not be said that any
materal change occmrred It was heated m an clectiic fuinace and
fuinace cooled

Afier the several annealings were completed the bar was suddenly
heated 1n an open fire to approvimately 1,700° F and cooled 1 lime
This tieatment caused an average shoitemung of 00027 inch, equiva-
lent to a compressive stiess of 7,300 pounds per square nch, based on
4 modulus ot clasticity of 27,000,000 pounds per squaie inch

The bar was neat heated along elements & and ¢, about 8 inches
each, with an oxy-acetylene torch, and cooled m the a1 Element b
was fust heated When cold 1t was found <hoitened 00122 mch,
equivalent to 32,900 pounds per squale mch compiessive stiess  Kle-
ment ¢ was shoitened 00037 meh  Element & was mereaced in
length 00023 meh  That 15, the iwo elements heated and ovelcom-
pressed at the time, when cold, weie choiter than onginally, wlile
the element not heated was longer finally

In the neat operation clement ¢ was heated with a toich in the
same mannel as befere When cold this element was shoitened, the
two unheated ones weie cach lengthened

The bar was next heated 1n a gas fuinace to 1,700° F and fuinace
cooled  Fach element was found shoirtened Tt was apain fuinace
heated to 1,700° I and quenched in waler  Kach element was again
shoitened It was next heated to 1,100° I 1 an eleclinc furnace and
quenched 1 water Tt contracled i length o moderate amount
Finally 1t was heated 1apidly in an electiic furnace to 1,230° F and
quenched m water  Very prenounced conttaction in length then
tesulted  The mean total contraction of these <everal tieatments was
0 0328 1nch, equivalent to a stiess of 88,360 pounds pe1 squale mch

In 1evien when one o1 two elements weie heated they were tound
to have been shoitened when cold The unheated elements weie
lengthened  VWhen the entiie bar was heated theie was a contiaetion
n length on each ganged length

The examination was completed by boring out the metal of the
ccre of the bai, leavimg the walls 013 mnch thick, wheieupon the
shell expanded on each gauged length  The suiface metal at the end
of the settes of tests was therefore 1n a state of inteinal compression,
equivalent to a stress of 28,350 pounds per squaie mnch, o1 not far
from the elastic hmit of the metal
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In tabulated foim these 1esults appear as follows

T eatinent of doubdle 1 efined wrought-1ron hw

[Tensile strenglh, original test made m 1882 50 000 pounds per square inch)

Successive changes on Louge lengths
Treatment
a b ¢
I ast anneabing, 3t 1,000° T _ -
Anncaled 3t 12X0° F 40 0005 0 QUo4 -1 0 Q003
Annealed at 1,400° F - — 0001 — o004 =+ 0001
Heated suddenly mn open fice to 1 700° k|, cooled 1n lime — 052 — 0093 —+ goo4
Tliments band ¢ heated with accbylene Lorch abont B inches oflength + 0023 — 0122 — 0027
hlement ¢ hicated with Loreh _ _ — 0062 + 0107 =+ 000%
Annealed 1n furnaece at 1 700° ¥ — 002% ~ 0106 — (024
Teated to 1,700° F , quinched i water — 0072 -~ 0083 — 0104
Heated Lo 1100° T quenched m water — 0007 — 013 — 0003
Fleated suddenly fo 1,250° F , quenched 1n water — 0132 ~— 0148 — 0149
At this stage the total changes m lengths from the original leng th
of the bar of the three 10 mch ¢ weged lenglhs were — 0420 — 025 — 03L9
Jhe mesn contraclion, therefore was —00323  Provided the
suctal w s eapable of display ing, such a high degree of elastie cont
pression or resilienes, this amouni of compressien would be equiva
lent to 4 strcss of 88 560 pounds per square 1nch
Gore of bar bored ent walls now 0 13 meh thick__ + 0104 + ¢io6 - 0106

Mean expansion, 40 0105, equivalent to 28,350 pounds por square meh eompicgsion

Other examples nught be added, showng the behavior of wiought
1ons under what would seem untavorable conditions Tests made n
1901 on best puddled 11on showed a decided advance 1 the value of
the clastic hmit after a few days 1est following an overstiauning load
With an original elastic hmit ot 32,700 pounds per squaie mch Lhe
test piece was loaded te 35,000 pounds per squaie inch, causing a
permanent set of 024 mch 1 10-inch lengths  After a 1est of exght
days, without load, 1t sustaned a stiess ot 40,000 pounds pe1 squaie
ich withoul additional set It displayed an inecreased set at 41,000
pounds per square inch  This grade of non showed gains i rigicity
rangmg fiom 4,000 to 7,000 pounds per square mcly, according to
the overloads applied and ntervals ot rest

In addition to the zone of increased rigidity immediately above the
primitive elastic himit, the nfluence of overstiaming seemed to teach
even to the tensile stiength of the metal, mcieasing that value n
some degrec

Norway 11on, neatly pure won, was mcluded 1m a serles of tests
made m 1901  Oniginal tensile stiength 41,800 pounds pet square
imch, contraction of area 717 per cent Oversirained with 25,000
pounds pe1r square inch, showed the usual exaltation 1n elastic o,
ancl after a 1esi of 7 days an appatent gain in tensile stiength  Over -
straining at 35,000 pounds per square inch with 7 days’ 1est showed a
gain 1n tensile stiength ot 6,600 pounds per square inch, an metrease
too great to admt of any doubt of 1ts existence and its cause
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On the other hand, some earlier anncaling tests made 36 yeais ago
on cold-1olled non <hatting showed a progressive deciease 1 tensile
strength 1ecultmg f1om annealing temper atures rangmg from 400° ¥
to 1,768° B Theie was a cortesponding lowering of the elastic Inmit

and accompanying mciease 1 both elongation and contrachion of
area
Ixamples of the behavior of wionght non might be multiplied,

all to the effect of illustrating 1its valuable propeities It can Dbe
heated and quenched at any temperature without causing Inittleness
Tts elastic linnt and tensile stiength 15 even 1a1%ed by such treatment
It can be overstimimed and 1 o few days display mereased ngidity
1equiling the application of a much higher stiess before 1t takes an
mncreased. permanent set  Overshhaiming a few thousand pounds
above 1ts primtive elastic himut, and 1t acguires an exalted elastic
it with mecieased 1esislance 1eaching even Lo 1ts ultimate stiength
If stiamed up to 1ts tensile strength, in a few months o1 years 1t will
display a much higher stiength ~ As expernnents herein guoted have
shown, the gain 1n tensile stiength 1emains a fxed quantiby ap-
proacling a half centuiy 1n time, hence 16 may be classified as a
Ppermanent gain

Different kinds of tieatment show little o1 no effect npon 1is con-
traction of area If good contiaction of alea 1s 1etained, 1t 15 quute
clear thalt waining will be ginen 1mpending fiacture when exposed
to ruptuning stresses

The effect of repeated alteinate stiesses on wiought 1rons are the
same as corresponding stresses upon steels  The ability to elongate
15 destroyed and 1upiure ensues without appieciable display of duc-
tility, 1in the sense of talong a peimanent sel  While the 1esulls of
complehensive experiments are not at hand, the belief 18 enteltained
that theie 1s no metal which will resist 1upture caused by repeated
alternale st1esses without displaying biittleness of fracture

High manganese stecl, noted for 1ts exceptional toughness, will
fractute under 1cpeated stiesses without display of appreciable due-
tility  This metal, however, has the exceptional alnhity of showing
toughness m 1esisting the extension of incpient ciacks Wriought
uons and high manganese steel each show similai behavior in this
1espect

So tar as known no internal fissme has been found i wiought
non The most drastic tieatment, heating and quenclung fiom
high temperatures m oil, wate1, o1 Inine none have caused the intro-
duction of interior or eaterror ciacks Wiought nion 15 not as strong
as common grades of carbon eteels which are used 1n engineening
structures It 15 stionger however, than the loads which engineer-
mg structwes are supposed to be exposed to  These 1emaiks scem



16 IN LFRSTATF COMMERCT COMMISSION

to be assimnmng a pancgyiic on wiought non nevertheless they state
only facts  They are due as a testimony to a good all-round metal
One ot 1ts stiitkmg {eatures in the physics ot the metal 15 1ts stakbnhity
m dunensions while (hanges 1n stiength are gomg on when exposed
Lo different annealing temperatuies

In conclusion, the cause of the present accident attaches to the
[racture of the arch bar on the west o1 left side of the 1ear trudk of
Westmoieland ccal ear 1548 The type of fiactwie mcheated ex-
posute to 1epeated stiesces, which n tenston concentiated at tle
under side of the bar directly below the 1ear edge of the spimg
plank  No enticism attaches to the use of wiought 11on as the
wetal of the arch bar ;) cuaticism, however, does attach to the use of
an mfeiror grade of wiought non m this mmportant place

SUMMARY

The cansze ot the present accident wae due to the fiacture of an
arch bar mn the 1emr tiuck of Westmoreland coal car 1343 Tests of
the physical properties of the metal showed an mferior gade of
wionght 1mon had been used n its tabiication A hetter giade
of wiought non doubtless would have postponed the ace lent o
perhaps averted 1t

Pum to the acadent traetmes were 1in progiess mm each ot the
lower arch bais of the 1ea1 truck ot thig coal car Thenn ongine
wele at the lower corners of the bais  Each lower cotner of the east
bai had an maprent aaecle  The fiactiie of the west har slarted at
the lover mmner coinel

They were progressave fractures of unknown date ol nception,
and difficult of detection n the tiuck trame under ceivice condi-
frons It 15 1ecognized that this type of tiuck frame 15 bemg super-
sedled by others of umt o1 different constinction Nevertheless a
latge number of arch bar frames are still mm cutient service  The
manner ol tailure of thig har shows where attention should center
n the mnspection of trucks ol this type

The enginect-physcist has dealt eatensively with the physical
properties of wiought o1 puddled wons They possess properties
of peculiar value to1 many situations

Respectfully subimitted
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