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g^OOT OF TBS CHI T OF THE DXVI ,XG8 OF CAilfm, C07HOTJ 
3&X.fIM0&E & OldlO RAIUHJAD MJ5A» ?,00*uMEB, I*A., ON 

19, 1914. 

Beember S3, 1914. 

On September 19, 1914, there v/aa a derailment of a 
passengei train on the Baltimore & Ohio BailrOad near Y/ood-
lyn, Pa., wblob re-ulted in t&a injury of 34 passenger**, 3 
Pullman employees, ana one* employee of th© railroad* After 
inreztlga&loa of tblw aooi&ent tbo Gblaf of tbo Division of 
Safety r&, orti1 as fai lot ra: 

3reatbound ^aseenger train No. 3 eensisted of ?, mail oars, 
one combination bfcg&ige and express e&rt one smoking oar, one 
eoacb, t-*o Pullman sleeping o'»ro and one parlor mr* £he 
eo&efc ana tbe parlor oar ia.l nteel underfram«is, tbe otner oars 
being of all<-8TEEL eonstruotlon# this train vmo hauled by 
locomotive 8o, 5103 and '"an in obarge of Conducto? And^r-son 
and Engiasjaan Way. Xt loft Philadelphia at p»i&<» 4 
j&inutos late, ana at 9.40 ?.c, was derailed at a point about 1400 feet «at of th© station at ?00(31yn. Pa»* which is 10.4 
miles from Pniiaaol M a , on aocount of tbe brewing of the 
forward axle of the locossotlve tender. #b© s&oed at tfcr time 
of cl&rallffient waa 57 ralles per bour* 

After dcraiinent tire tender wheels ran along on the ties 
until they reacted tfea western end of the norti: paaslag trade. 
At thlsi point tb© frog *ao torn out and tbe entire train de­
railed. About 150 foet beyond thia £oint is a aingle-apan*. 
douhle-*trac&, tru-RT^a brings 167 foet 4 incaei? in length. The 
looesotive and first five airs paaoed over tbe bridge in safety, 
tbe locomotive corning to a utop 710 feet beyond tbo western 
end of tbe bridge with tbe derailed tender coupled to It. About 
25 feet nortb of th© locomotive *v®r# th© first four oars of tlie 
train, upright on tbe ties. The fifth oar turned ov©r to the 
right lie-^diatoly after arat^lng th© bridge and mme to rest 
v&tb it a roof .-Tgainst a telegraph pole, at th© top of a £5~foot 
^iban?oient» Tho sixth car, tho all-atael Pull&anslewing oar 
*Eao&itatt, served to the right enough to strike the Wcl of tbo 
brllgo, after I ioh it lunged to the bed of the erees b e l o a 



diatanee of about 65 feet* Th* aoooM ^tt^uas sleeping our stopped wit a its forward end r̂ojeotiag ever the "bridge abut­ment and m® also leaning to the right against a telegraph pole* The l&rfc ear in the fcraln# a parlor ear* m^aXVto derailed-but remained u right at the top of tbe ejahanfement, ••• insctodiately behind the seeond sleeping ear* Tbe dajaage ' * eanaed to tbo bridge by the sleeping ear "Saehlta1* nausea its • collapse. Illustration Ho* 1 Is a general vlevr Of the eociaent, looking in tbe direction in which tbe train *mn moving. 11lustra-tidn Ho. % is a view* looking In the opposite direction and showa in particular th© condition of tbo bridge after the adeiaant* 
Tfeirf division Of the Baltimore & Ohio Railroad la a <3ouhl— •' trade line, train fflovig&ontg being protected by the automatle bloc& signal stem, The traofe Is straight, <J«ith a descend­

ing graa© for westbound trains of *8 pen esnt* It Is laid 
with IQO-pouai rails 38 feet in length with ebent 18 pine 
and es& ties under each rail* The ballast consists of IS Inehes of crushed stem© ana th© general condition of tbe tracfc 
wear ©xaellant, Th® weather ^aa clear* 

Bxaialnation of the traeic showed that the first mark. 
of derailment #as about 400 f©et ea<rfc of the station, at 
which point a tie, slightly higher than the rest, had a small groove out In it. One-hundred and twelve feat beyond 
there t(as another tie ith a 3eo?er groove in it* gt the 
ene.tern end of th© station latform a plank on tbe rigfit sl&a of the track wan torn uv, »hile at a highway crossing 15© feet beyonl were the fir-rfc inJ-o^tions that th© tender wheels 
had left the rails, a eroding jiuaJc on the outside of the 
right hand rail having boon torn u it -tillo a plank on tbe inside 
of the opposite rail was r: lit anJ ô  oft marks of a wheel flange 
having o&used it. From bhi noint no &he switch at tbo wet«*m 
and of the north parkins traoir, u 'il̂ tanoe of 736 feet, the 
tender ^heelo ran Uons on -cue tis^. After tearing out the 
frog at this switch the entire tr in vma derailed with the 
exception of the engine. 

The trucks under tho t maer of loeossotive No* 5103 were 
of 100 tour, oapaeity, built hy cho Baldwin Locomotive Wofcfcs 
in tTuly, 1913, and placed in -rvioe the following isonth. Tbo asles wars of forged steel, 'ith a g x XI journal bearing, and 
a "hee:lrfit seâ  wring ?-!"?/8 - 8-1/4, Xt waj within this /" wheel-fit that the break ocarr^d, nearly square aoros@ tho 

v axle, varying from thnse-^i ^L-, nthc inches to seYen-oiTrteentha 
inches m from the out i&e fp.ee of the hub of tbe whoeX* Tbe 
ferenfc "as a detailed or pro^F"?? ~ivs typo of fraature, which 
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extended la from one side of tbe axle, leaving only about 3d 
per a out cf tbe metal lat&ot* It waa tbe brooking of thia 
last portion v.faieb -a the cause Of thin accident* 

Tbe Investigation to 3 et inline tbe roaon for the failure 
of this axle m s ©on&ucted by M?* Jomea B. flemrd, Engineer 
physicist, wboee report immediately folium* 

Tbe fractured axle represent:) one of the largest in 
cow-son use M r tender trucjta. It ,+as furnished under th© 
modifications of tbe Baltimore and Ohio Railroad Company, 
-srhiah nail for tho dimensions given on the folio Ins sketch. 

(Insert sketch of half length of axle) 

Tb® ftpeoiflcations gst̂ te that axles shall be marie of 
steel, the ^eolred eomuoeltlon of vfciob Is* 

Carbon, 
Manganese, not a^ove, 
Silicon. 
Phoapho/na, not above, 
CuLghur, not above, 

G.4S per cent 
0.50 " " 
0*05 " * 
o.cd » * 
0*0d * w 

Axles *vill be ooa*lder8& as bavin failed obenle'illy 
- 7 m * vill be rejected, if bs* analysis ohov/a the eon tituents 
to b© outside the foi owing limit a* 

Carbon 
Man^ane^e 
Phoopborue 
3U1^hur 

below 0.35 or L*ove 0»55 per cent 
0.08 " " 
0.05 » » ft 

of Axles of this else are re<,ulr- d to stand a drop te-rt 
7 blov.-c of a l,64CK?ound tuy, dropped from a height 
foptf the deflection und*r the first blo*v not to egoee*; 
inches* During tbe teat they are to rent u:>on nMpjOrtr 3 
feet apart, the tup striking th© axle mid'^y itn length. The 
'ixle to be turned (that is rotated 180 degrees) after tho 
fir*jt and third blQr?a a m when required after the fifth* 

Tbi:* atfe bore the br-m-i la-ark "Follak" of Tbe PolInk 
•teel Como.ny, at the middle of itr length. It finished 
ami a eemb"= ©& by the B-al&in Locomotive Works* The en 1^ of 
th© journal *J "/or© st'mped 7 13 100 B I- rf and 7 lo 60 B L nm 

on tte fr ,aturo& -vaA intact «wla respectively* Tho e navka 
inllc-te &>at the her»ls ?/ors .rerjaod on the axle at the 
Baldwin Locomotive tarter in bhr month of Juiy, 1913,; and) that 
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a pressure of 100 tons ae used for the adieel at tho fractures 
end, and 80 tons for the opj?o$lte wheel.* 

Rolled stool heels wi'e used, made by toe Standard Steel 
Tories Company* Tfce wheel ©a the fr&eturod end of tbo axle 
-as branded <tS£6 £8 13 673 15542, that on tbe other end, 
*0 S9 IS 426*. Too total weight Of the tender, under which 
tbio axle W B U * used, •v.as 165*000 pounds p an average load of 
SO,825 pouada per wheel. The bearing surfaee of tho 
Joumaia were in good condition, sbov&ag no wear of con-'eiu ̂ noe 
the wbeels also being In good order. 5b© ^haal at tho lat'tot 
end a? owe a JItfela sjore flange sear than ita Bat<?, but each 
wore In a satisfactory aoadltloa* 

An examination, was mad© of the fraetnrod ax'e for 
concentricity in running, *rttb heels still ia place. For 
tbia i?ur;;ose it #ns ©entered la a lathe and there rotated. 
It aa found to be substantially ia normal condition, not-
vlfeh^t finding the irlci gltude© through -which it bad passed 
at the time of derailment! tfo contributory cau *e ieading 
to it* failure -'sr; revealed at this tlma* 

Trie vl:oels ware n̂ rcfc jroaaod off tbe axle* ihe one 
ut the fractured end re^ui^ed a force of 375 ton?* to re ova 
it, that on the Intaot end 145 tons pressure* The surfaces 
of the axle at th@ wheel fita were no exposed to viev. That 
on the intact end **m? in good condition and presented a 
nons 1 a.pearanoe. The surface at the fractured end, bo <evor, 
*'as characterized by the presence of a qonsiderable number of 
mciTkz or serrations made by ~ome blunt edged tool, which as a 
grou, covered about t"?o thirds of tbe olrcnmf err no e. They 
were located on the side of the asie which first ruptured, 
,nd symmetrical 1th that side* The significance of these 
^rf&tloaa la re#paot to their indioating a eaure for tbe 

fai:ara of the axle, and their probab'e origin will be referred 
to in a later pars of thl i report. 

i'ho dismantled vmn subjected to a drop test* It 
endured tbe .-even prescribed blows without fracture. The 
dfjflection euused by the first blow as 1.8 inohes. An eighth 
blow was struck to rtr\i s'afcsn the axle* Tso longitudinal 
eearca were developed along tbo length of tbo axlo, one near 
tbe inid-le and one near the intaot end* BO particular 
^ignificanoe is attached to the development of tbe^e seams 
in r?s;ect to influencing the failure Of the axle at the time 
of derailment. They roprn ented the d«velo>ffl©nt of aargae 
uhlob <©re& in the forging, of a kind, whioh service conditions 
'vould not be expected to develop• /"^\ 



The axle my nerb out U T for rootallograph!a examina­
tion, chemical analy is, n,i pnyaioel teot#* This \7ORK. oaa 
done in the shops and laboratory of tbe Baltimore & ©bio Kail road Company, which company cooperated with the 
Division of Safety in the ao^ui^iticfa of those data In a 
very efficient and satisfactory wanner. Chips for chemical 
analysis woio taken from rtifferont part«, of tbo areas section, 
near the finished lurfaoe or oircuaferonoe of the axle, one 
quarter below tbe surface diantetrioally, and at the ©enter 
of tbo section* 'f-o sots of ehip# war<? taken, one represent­
ing tbe seta! ia the vicinity of tbe Tlaoe of rapture, the 
otbei' opposite end of the axle* . -r 

Tbe results of the chemical an&Iysea were as follows: 
to cation* 
Fractured end of C irbon* ilulpbur. Phosphorus * Manganese. 
axle* 

Phosphorus * 

Hear Circumference* •026 .45 
On© quarter below 
surface, .036 .033 
Center of section, *0.3$ *0S5 .46 
Intact end of axle* 
Near Circumference, *0'<9 • 44 
One quarter below 
surface, .37 .040 *ose .45 
Center of saction. .39 .084 .46 

Hartineas tentn by ?.f>aas of the ueleroocope w^re made 
on the surface of the wheel fit t near tbe place of fracture, 
r-nd on tvo cross sections in the erne vicinity. On tbe sur­
face of the wheel fit near tbe place of fracture, tbe fcardnees 
ranged from 51 to 44. Tho harder netal was on the aide of 
the Ax3e fir.it to rupture* u n the two eroso eeetione the 
hardness âaged from 23 to !'8„ Tbe higher ralOeo afc the 
aurfaoe of tbe #beel fit are attributed to aeohanical î ork 
having been done on that surface in pressing oa t!̂ e v/beel, 
or incidental treatment, rather than to any material difference 
in tbe composition of tbe steel* Tbe iiioroatruoture of tbo 
stv?©l DID not indicate a diff^r^noo in L&r&sie&L due to 
composition at the :mrftice of the a ̂1©* Ta&en at four places 
on the circumference, 90 degrees apart, the metal logrjy bio 
examination ohowed Id«nticai .tructuro throughout* ( j 
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Tensile toeta ^mre made on tbe metal of the section 
covered by She wheel fit near the pl^ce of fracture, The 
?fitft-<- represented the ss.et.3L* in «i longitudinal direction, 
near the clrctuafercnee» one uartor belo-- the surface, ynd 
at tlte center of the axle, Specimens were -salicen ut in 
duplicate, one sot being tented in t va natural -rtitc of the 
mst&l in '.he forging anl one i®t sftar the siet ,1 v,A, annoaled. 
Threa ad itional apecijnenu t(*ere tniĉ n from tho aslQ nn-xr tbe 
middle ut It*- length, in a orossr-TIAE aireotion* 

The rs ults of the t^n^ile tc rfc-, /ere a- foVc- s 

^pocimona ".^O 3 1 >mot"r by 3 " long* 
Location* T *n '3ILE 

1 tro:^th. 
anno -3 ̂ er 
s . In. 

TJlongn-
tion* 
-er cent 

Cantr etlon 
05 ar a. 

?f>r e^nt 

•5 

Loa^ITU'iina L ^>F?OR-
tmenr > natural >~t-it© 
of orglag* 
Near clrcuofem^oo 75,rP0 
Cue uart. r bo? o*. 
surface, 75,' 
Cent -r oT section, 71, 

Lon-itu in*1-! t-pe~ 
inezu;, ann^n el* 

a*«»»r eiroumferenoo 7*:, 600 
Ono U-irt*̂ r belo^ 
~urf\ioe, A ? , " 0 0 
Crofc-r or auction, 66,700 
C>-o< 
iu"-na, n^tuial *t*te 
or forging* 
Oi metric 1 1 

on chora;,. 
.-nd 

70,900 

T 9 * 

S 9 * 
?8 

1 1 » R 

R O . 

18, 
15. 
3 0 . 

4rt* 3 

49.? 
51.8 
47.6 

16 , 4 
1 4 . $ 

21,4 
The elastic imitr. of tho oncitucJinsvl, un-nnoalea, 

. \ G O I M C N A '^*Iye I N tho V I « ? N I - Y of 45,000 lb >. pnr R> LUARE inch, 
bijfe 'rop , E D to " ;7,00 n V*. P - R > u . -RE 3nch in TL.E A N N E A L E D 

In or̂ '̂.-.̂ -ifio ;ilr otion the el a tic limit.- ore 
afcoui. . 0 , 0 0 0 lb;- PT3I* rquarn inch. Th^ fiaoture of tbe 
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longitudinal spenliaeno were fine silky, thô e of the cross 
Ise specimens . lafflell'ir, 

i. The reeul t$ of th© exoioination of the aetal rhowed a gra.de of steel had been used which under normal conditions should hava envied the ejele to sustain the loads of the tender* rhleb under static conditions were not H I G H * Aafsujoing a load of 20,000 pounds carried by each Journal, ̂Itb center of effort at the middle of the .length of the Journal, then the bonding Strega at the inner end MNXA be only 5,186 pound per 
3 - I U A R E inch* At THO inner end of the dust guard section the competed stress '#ould be 4 , 1 4 3 pounds per square inch, y/bile in the vicinity of the actus! PALACE of rupture, at th© wheel seat | the static atrasa would be aomesfbat les© than 4,000 pounds L . /«R square inch* These A R E recognised as moderate bending stresses Y/fcloh if not exceeded the axle should carry nltb aafety. The fracture of this and other &XL&® *ndioates, ho ' E V E R , that occasional loada are reoeived greatly in EXCESS of the A T M T I O loads, the severity of which la aocountaole for the -ultimate failure of asleg* 

This axle was used v.;ith 30-inch wheelst It would, there­for, make about 590 rotations per inile, and tbe total number of rotations for its mileage of 84,649 miles, would be in round numbers 47,400,000. Under a constant bending stress 
m lov/ as 5,186 pounds per aquar© inch, the effect of this number of repetitions should not affect tbe integrity of the sxle* In fact the H£6 of the «xX« under a load of thi^ magnitude should be practically of unlimited duration* 

This axle fractured at a place where tbe bending stresses were not at their maximum, a ciroum stance which calls 
F O R uyeoial Inquiry* 5?be fracture did not occur at the face of th© hub of tho v/heel, but at a distance within, ranging from 
three-GIRTesnths of an inch to 8even»6l3teenth3« From its position it *,au effectually concealed by tbe natal of the hub, 
I T N r̂'-aonee not admitting or aiaooveyy prior to the aomvlete separation of th® METNL and the failure of the axle* ?he tŷ e of fractur©, however, v i b . 3 a oomtn one, end kaô ai aa a detailed or f'VOGRFTCRTLVE fracture. A type of fracture -vhloh resultU from a number of repetition* of load* rraoturea of this kind aro unaoeompaniad by tbe development of duoti'ity ,hiob t-» diipl&yed in the ueual teste OF the metal* 

The fracture of T H I S a~le started on one Side of its cross section, thence extending toward the center. At the timo of final ru ture only shout one quarter of the ̂ erops section remained intact. The final portion wa© an eccentric section some 3 inches in D I R E C T S R . ^he fractured surface presented the usual character! tica witnessed in re seated atreo** F N C T O C N . be earlier fractured portions were haremered smooth by the longitudinal com.rosHIVE component, 
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which acted on tbe axis up to the tiae of fin^l fracture* the 
portion hi oh failed la t had a oil 1:7 appearance* but ms some­
what battered by blous received at the time of the derailment. 
The fibre stresses in this port of the axle certainly were 
sronfcly augmented bsfoie final rujture wo.,* reached* Tbey KFUDT bav© been Increaaed several fold at the time the axle 
•AS reduced TO an effective diameter of tbree inches* 

Failures of thie kind have furnished evidence u on tbe 
vide f uctuationo of stre *sea 'vhioh are rooeived In the 
traole, sdnce there hay© been instances in which axlea* 
partially ruptured, have been discovered carrying normal 
loads on diameters of sound metal very much reduced over 
their jrt#ltftre limension, . tueh avHeneG, reding u,::on a 
number of •'TAIR.ple'-;, :eacLa to tbe deduction THAT ?Ide 
f uetuatlonx: of loads aio general y encountered in tbo trick 
and rust be provided for in etablirhing the dimensions of 
axle"* Practically this Is a matter not e-i ily accomplished-

There .ire place- in hieb, b' reason of the difficulties 
=1 hicb surround £HE d̂ t̂ r:,;: nation of the actual "ioi kins 3TRE ae?-, 
tbe problem of jjrovidlntS a ^rapor section is on© of peculiar 
obecurity. AXIOJ arc eseror-i 1 EK, in blob it i-- essential to 
^ravi 'E ide\u ,te strength to 1 :;lot load:* '/hi oh in A strict *3©n«je are Indet^ntlnAte. For thin reason the failure of en 
a:Ue of this teind le a ant fear of Je^ oonoem, unlee- some 
unusual an- specific c&u^o for It3 fracture can be found* 

It i: believed that an exceptional condition existed in 
tbe ease of this axle A tot< aff cted its durabi- ity, tial led 
to 11 ^rcraatuxe fai uro, ani ?hieh was found in a <?ell defined 
circumferential maik •„cored u2,on the surface of the 'vboel fit, 
and TFBLCH tho ,;lane of rupture foJ ioved over a considerable 
portion of it^ course* Tbii scored 1ia© appeared to s~ave 
looat'd the lncl-i nt ^laoe of rupture* In appearance it 
retexiblod the ©ffeot t>f the cutting ©dgo of SQSRQ herd body 
rather than the -.ark of an ordinary lathe tool used in the 
finishing cut on tbe »sle* If not made by a lathe tool, it 
mi t have been asi-l© by ser© i3ar1 ho y having substantially 
the a&i'e diameter the who el fife, and ttig feature directs 
attention to the nub of the /'heel a ;robable object, 
responsible for the oiroumfdxential -coring* 

Upon diafiumcling the axle further ovis/onoo wa# dis­
closed 'blob directed atc-ntlon to thla ^art of the wheel 
fit, namely^ the sorption? on tbe cylindrical urface, 
O R E V I U U ly REF-RR^d to, vhlch vore *ocated near tie place of 
ra bure* Fffort^ were llreoted t-^mrd ascertaining ~/by 
theses xr TITIONI.' KTO YR W E N T , hicb ap^nrently ^ttaah^d to 
the period of 'vaohlnlng the rough turned forging or /hen 
prating on the -hnei'J. Tho rough turned axles were finished 
at thp Baldvln Locomotive V'oiku In nthes -/hlch wrc 'dented In tho imrediute vioinl&y of the hydraulic preso used for 
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, x , 1 r , f 'i ^ \ 1 | •* W > 
$$&h&l8& en the? wheolis* That such aarka could ftave oeea 
present on Zhe finished surface of the axle and not attract 
the attention of the lathe operator is improbshlet fdsile 
their character i s unlike ?diat sight be expected to occur 
in the littho* There appeared no reasonable opportunity for 
the axle to receive the serrations in transit from the lathe 
to the press* 

Conjcot orally tho most ?eobable e^lanatlon for the 
«mnse of their present** and ffhen *nade« attaches to the 
time vhen the wheels vere precoed on the sa&e. Xft by 
ccoident, the axle gn&ort^d asftaw when it firet entered 
the bub of the wheel f the rapid action of the }Ump of the 
hydraulic press might cause damnge to the wheel fit before 
Its operation could be as re ted* Provided thia happened 
the presence of the sharp eireudfarnntial snoring would 
be consistently accounted for, ^urtheiisore the removal 
of the axle or ita resdjusst&ent normal to the face of the 
hub you Id require uau ual effort,,, end hs&sacHng the axle 
to reieaee it for readjustment is & plausible affair* The 
choice of tool^ avaiiaola to Jio this i? not very great* 
in the vicinity of a vhoel oros'i,, and such ?<erratioss night 
r^srut from th© U F O of some chance tool found near by* 

The record of the Bali tin ^ooorotive tforks do not 
farni h any info:ma&ion u on tbi ̂  feature of the esse. In 
f4ot their reoorda do not; ~hov tliat a rollak axle *mi* used, 
but on the othsr hand tfeoy o i l ! for & Oemegie axle in its 
place. Carsegie axles -/-ere Inspected and accepted by the 
Baltimore & Ohio ^nliroad Jam?* my for thi<* tender * but the 
presence of the or :nd *ric "Poll-ak* end the initials of the 
Bald*/in toooiLOtive oik f i u h t>e dsfce of pressing on tbo 
Arheela and the pressure i ut^~"i, grseing with the records 
of th© ijtuer company, ho shnc omo orror aŝ de in the 
reaords. Although at Alport nb in tbi" instance* oasiea 
may arise in "bioh tho m ootion of the notarial should 
Involve vital feature « On thi , occasion gr?^ater, is^prtance 
attached to tbe ,ortas'm*:hip ynd the aoaeaiaRns of ns» 
"heels upon th© axi**, H e n -iv inaneetion provided for 
did not cover* 

Tho cause of the f i u ^ of the axle appears associated 
-ith the j>r«L©Tioe of the clriiumfer »ntial scoring «mlofe .'as 
on the surface of the 'heGl fit, and that its endurance in 
service vaa imceired hy thl groove* An Illustration bearing 
u-on the behavior of thi a -le -van furnished by duplicate 
test abaftj recently suteait-.r, to repeat* a alternate stressee, 
similar in Kind to the ,ti — ea rhiob ruptured thia ajrla. 
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One of the eteafta was accidentally aeored during tbo toot by 
i* locsa aet eoresi» Uh« pi^oe of ru ture m o mooted by tbis 
seoring, the nuraber of repetitions? of Atreeeea was re­
duced 664.700 times* apyeroatlyp by reason of this surface 
defeat* Tfcfl tot«l nt&ber of repetition* of loads go-stained 
by the inured and uninjured shaft® ?*ere SdS.OOO and ©86,700 
r&spe&fcively* ?ha~u re-entering englea and sudden abansea 
in aroee «eetion &r<e rnoogniaed $a nmdaelre&e in material 
etfbjeeted to re . -ated altsrn&te stressor Slight surface 
gefeeta ere sI«o detrimental* increasing in gravity ?ith 
tboft.tgnitude of tbe etr<* ^es and *#ith the nse of M^feor 
or bar-»er gr&dsa of stmt* 

It Is ?robl«i&fcl©&l bow Ion® asde& esdur« .̂n service 
aft**r rupture actually begins* Annular fraetnres are at 
timm foxtteft sad are ^rebably of *leR*ar development than 
^rogr^s.^ive fractures <<*hloh develop ©n one aide *jf the axle 
only* 

la son-elusion it as^n&rs*. 
Tbat the derailment of train Mo* 3 f -as due to tho 

fracture of a tender &&la # 

That tl.e ty.-e of f allure was a progressive or dotailad 
fraaturat starting f JOBL one oiJto of the axle and thenee 
e-rtimding in^»rd« 

That f loial ru vture occurred srbea ther** rosalned iatnot 
only aboufi one nurt*r of &: e original arose nestion ^f 
&«*tal* 

That the fracture of the aa&a oemirrfd G & the wrael 
fit t at a pl'ioe oKe throe«»diarte rathe to s^ven-^istsentas 
inobee -vitibin the seotian covered by tho bub of the --j,boel# 

thstit the Sanation nf tie plaee of rupture wa probably 
influenced by eircunfer^ntiAi scoring on the surface of tbo 
dsael fit, f^hidh the r*«ne of ru.ture foi owed over a part 
of ite esurse* 

That the ocring m a a defeat of wrlssanebiu incident to 
tbe .>arlod of finl»bin«£ the axla or rJ>en the schawl waa being 
praaaed ^n the and *nleb lubae^uently fraeturad* 


