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I. 

OtVlopoant of ^ho ;>tutlo f:oBti.»y I’go him. 

Ü ICüowlodRo of tha uauhanittol proportion of 

laut or i ule to ho onplo¿red }>uh ulmi^'u uoou ziocohi urj-’ to 

tho ratlonul doaiirning of uziy kf.nd of atruoturo or 

naohizw. Sima the quaotlon of to»tiu|r Uio ngtorlul« 

of oonatruotion huo boon undor uoimldorgtlon frota U.« 

our ly 

?ho aduploBt netl.od of toatliip t«itorlalu la by 

dlroot loading, und tie ourlior rouoarul.oa woro curried 

out by thia uotlod. Jail leo (U&ü) nada nnoy teatu 

on a anull aoula by tkio aeuna. But this notl.od la 

aultublo only for weuk uatoriala u at auall alaoa, bo- 

oiiUBo of tt;# dlffloulty of handling lionry loada. ¡from 
V 

tho tino of feillleo onlnont pbyaialata and raathoiaotloluna 

havo nada andleaa osporlnonta, largely fro« a purely 

Boluntlfio und thaoretlozil vieui-oint, to datamlna tiza 

phyaioal projwrtiea of uatorlaln. ifron thaaa laroatiga- 

tlona. oarrlod on during ti e latter duartar of the ITth 

Uentury, and daring the IBtli Contury, ware doduoad tfca 

rarloua lawa of olaoltiolty whloh oonatltuta the tutela of 

latar aolantlflo raaaaroh. 

a» * 



2. 

Viva, at, th« baglnnlBf of tho 19th C«n tuiyt th» 

domoKl odM for tout» on « liege »cult, it woo noooosoiy 

to ooTlo« other Mane of Hll/lng the foroo thou ty diroot 

loading. tlthln a foo yoaro tliere »ore derieta tooting 

n^0hino» ott^loylnu the throe «rranüeiron to no* found in 

oiodorn tooting vaohineit* 

Thom* arrangeo.ont* troJ 

(1) I.O'*d «JJ.lied by hydraullo pro»» • no 
weighing dorlct but load o«loul«tod 
by pre»»ure on ra». 

(2) Load applied by gearing at one ond 
tend measured by weighing leoer at 
other end. 

(5) Load applied by hydraullo pres® at 
one end and measured by we 1 china 
lever at other end. 

As early as l8l$ method (1) was used by an Xnglloh 

consent. Brun ton and Co., in building a sable tooting naeh* 

inn. 

Uethod (2) was used by Major «ado, of tho U. 6. 

AlW» in building one of the first maohinoo fer making 

physical to«is. This first aadhinf was built in lft$é9 and 

was later remodeled and inprored by Captain Hodman. 

Method [}) la always aosoolatod with tho nano of 

Bari* m sfcaldy, who in 1844 built hio famoua tooting 

maohlno of this typo in London. Zn l®Tf Mr. A. I. teoiy 

construotod a naehino of this typo of 900,200 lbs. oapaoity, 

whioh io still in daily ueo at tho fatortown Arsenal. 

All those Machines Mentioned above are for se«celled 

a ta tie tooting, that it, whore the applied leed io grod* 



uaily lAozMuuod. I'hla it) uot t ntriutly apdultln^?, n 

atatlo t«at, und rouulta >*111 viur^ wltl) tu«* ruto of 

appliüuti on of tt o loud» liowover, iimiuoMn^r hua 

shown that tho tino nlonent la of no ooaao'pimioe *rfthln 

tlio rtniffoa of ' raotlonblilty, for tho volool tj- of novlng 

¡Mirto la lnnp))r«ol oblo for all nraotloal p'lrpoBou# *1* 

tona "static" toot will t» imod throw fd. out thit) dl sou mi Ion 

to denoto this notliod of toatlnp. 

?ho lapfwt or ^mmlo footing lirwhlne. 

’71th tho Inoronao In upood of .».ohina rartu, the 

dooiro to toot u notorial under ij ])ix.:d notoly actual uor- 

vloo uondltlons lad to the littroduotl on of liq>uot or dy* 

muaio toatlnf. ?he applloatlon of shook touts t) t&torluls 

hus also boon pmotlood to o llultod extent fron tlie early 

ages. It was only natural, »diere a suitoriul wue Ultimi- 

toly to be aubjooted to rou^i usage in a iitr icturo or 

noohlne, to flrut toot out the nut n*iul by oubjoutlng it 

to roudh usage. But until ooiapnratlvely reount yours no 

attempt wau tside to neawure the energy required to rupture 

the eoeoliaen. I up ant testing has in general followed in¬ 

dustrial derelopnent. Up to about 1800. Inpaot was 

studied by InTootlgators raore an a phenomenon and without 

regard to its probable ap pH out] on as a praotlosl eieuns of 

testing Materials. ¡hiring the next forty years lapso* 

touting developnsnt followed in u way the derelopnent of 

railroads and railroad aaterialr. In 1849 an Kngllsh 
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Conrol h ul on, appoint to luqulr« Into th g u«o of Iron ln 

railroad utruoturoB, publiahad u report whicJ; wns one of 

tha oarllout published uoommtu of t> e oonuldorntlon of 

the praotloul uiplioutlon of profloua ‘i.oorot'.cml icnow- 

lodge of Inpuct. 

In l<Jb7 Captain Uodnun dovH uod a drop woltrht uautiiiio 

for otporinenta on ,runa. A little Intcjr tiio drop tent 

uaohlne boiwn to bo widely iaud in teutinfr railroad im- 

toriale. ln Ifitil t<te U.U. nonx’d for festín# Iron and 

Stool publiuhod reuultu of teats on wrought iron and stool, 

usln# a drop tost nnohlne. 

About thlu tine, 1890, Inj uot tontin# bbtmn to have 

a wider application. Many Invoutigators took up the prob- 

len of noaimrlng Uie energy absorbed by the npoolnien under 

tent, and doYiuod various apparatus for this purpose to be 

used in oon.ujotl on with the drop lu’aot ta;chine. 

In 1897 8. B. Buusol douigned a ptstduluo rutohine uinller 

to the lator Charpy tiisohlue, but the la'uoticul upplloation 

of the ponclulun prlnolpli was nado by Charpy in 1901. About 

tho uaras tins ifreocnt produced his falling welftit naidtim. 

In whldh the work of rupt»nro was neasured by a call orated 

sprint vfhioh was struck by Uie falling weight after striking 

the epeoltaon. the IsoA pendulun naolilas appeared in 1903, 

and in 1904 the Oulllery rotary ueohlne was introducod. 

The four rmohlnes last tien Monod are roprouentatl ve 
I- 
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of tho throw uiauuoo of Inpaot or dymmlo tout! ufr nuohlnoB 

in nota ni UiM in touting laborntorlnu todigr. 'Jho .'rontuA 

14iohlno lu mi (jxuuplo of tho vorUuul r io tj jo. Vi o Charpy 

und isod rnprouojit tho pondular ran tyjj«. Vho Jhurj-y luioliino 

la doiiorlbod in noro or louu deA^ull uniorr. Vho j.rinoipio 

of tho Xzod nnoline 1» tho ou no tu* tint ni U « 01.nr])y, but 

it difforp uhioily in that tho Hpoclrnon 1» gri)]Od ut onn 

end only aa a cantil (»▼or beau. ?!.« t)¡ird or rotating rnti 

typ« lu represented by th« Ouillory r.auhine. Horo tho 

otri king edge ia uttaohod to tlio poriphory of u flywhool 

rotating about u horizontal axia with iiufficitint velocity 

to rupture Um apeol taon. ?he atme 1:.on, on horizontal 

Bui porta, ia Introduoad ouddenly in tho path of tho r trik- 

ing edge. Vhe loon in klnotio energy of tho flyohoel la 

loaaured by tho diaplaoanont of a column of wator conneo- 

ted to a tinall vortioal water turbino, tio turbii» nerving 

us u taohoiaoter« 
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lieh eh (I rouont üiîvolopnone of InqMiOt tontliif and 

thu nluoQt uolToraal adoptloa of el o injxioe tout for 

rouelno mtr< to su} pleno at eh« ut a tic tout, the ctue utl on 

hao urluen uu tc J^irt wl.at it U o rolntlonohlp botwean 

the atatlo and the itapuoe or dy/molo toot. 

?ho roaulta uanully rooorded la tho utatlo tout aro: 

the olustlc liait, tío ultlnk.to a tronga , tho total elonga¬ 

tion oT«ir a upeolfled gauge length., and tho roduoti on of 

area. lihoroau in the dynanio toot, for all the Tiirioi» 

ttlnda of touting naohinea in preaent uao, tho roaulta ora 

obtoinad in units of onargy. It la obrioua that any uom- 

forison of ths two noth oda nuat be node betwoon unita of 

the uano kind. lio rolatl onuhi}> could be exprot eed bo- 

twoon a linear juontity, uuuh an iorao or linear dl utruwe, 
\ 

and a two dlnonslonul .ua/itity, ae energy, 'hich in the 

product of force and <11 atanco. It would eoo», thon, 

that if uuffioiant data wore taken in the otatlo toot to 

determine the total ouorgjr or work required for doforrsition 

and rapture of the epeoiuon, any relationship betwoon the 

two »aethodu of tenting would be oh.own on a oonparlaon of 

tlie total energy required In eanh case. 

Much attention haa boon given by able invsatl untere 

to the comparing of the amount a of anargy absorbed by 
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•foolnonit of a (ri-ron natorluJl wl.on mpturwd uaAnr otatlo 

and dj'muttlo ocndltlone« A mmbrr of attotaptu hnv» boon nod« 

to dofoiop a doil nite poruuntage rolutl omihip botwoon t)»« 

roaulta obtulnod bjr the two tit tit oda. '.'ími oontmlnlona tirrivod 

ut in tho variouu oajoa liavo boon rooro or looo oon.fl. lotJ ng. 

It «¡ia bol It vo d that tj.it roluti onaliip wa« dopondont upon 

tho mttiro of tho natorlul undorgulng ooup.tirloon; that bjr 

ohanging tho utruoturo of tho oatorlul, tho vuluo of tho : or~ 

oontüiTe rolationohlp »oftlö uluo ho «»¡.a-igod, ut iouat to u 

o or tain oxtout. 

In thin invouti »ration »i riirtiauiar attH»I wuh oolnotod, 

und ita «truotiire nndo to Vary ovtr « widt rangt by widoly 

difforing boat troatnonta« In tho onao of tha atatio tonta, 

tho oorroapondlng loada, olon(mtiona, and r«dontIona of araa 

were rooordod for oaoh apeoinon tl.rou«h th® ultlnuto up to 

tl.o point of ruptura. ”1» total -lorit dono wan than dotor- 

rainod In ono): oaao by Integrating tho plottod ro«»ultn. "hi* 

it who ,oo3:;l bio to muko a direct oonufcrtaou of tho total ouorpy 

roqurod for ruptura of apaolnana »dion toutod otutleally and 

whon tooted dynaraioally. 

?h« object of tho invontl grition waa vo detonilna Jiuit 

wliat rolutl onahlp e*iatod botw«<ui tho ramltu of tho atutio 

and dynanlo tooto for oaoh hout treatnant, and to aluar whether 

thla rolatlonahlp did, or did no*, vary aa u fuatioa of tha 

atruaturo of tha tutorial• 

•jpj| HhNnMb« 
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III. 

of ];Aai4Ji:j j:í cd. 

Joioru tukliidr up in dutuil h tl'.acuHuion of thn procedure 

followed during the inveuti<?ntion( It would nenn udvlunblo to 

include ut Ü¡1b point u brief denoxi ption of the tontin|r wnol;- 

inea wad. ?he dynamic tanta worn curried out on n iî} nj^jy 

machine of 300 Kffi. oiijiioity, \fhilo for tho etutic tout» :t 

.ci ohlo * mohíno vrou uitod. 

±Lâ i^Uiohlno (300 ) 

Vho (M.ax*j)y mohíno tíhu oelooted Ar th.o dynuolc tenta, 

for the following reuocna: 

(1) It ia Ute nuol ine in noct fWi»rnl uuo for routine 
impact teatlnff. 

(S) It is one of the few Impact naohinea daaigned for 
tension teata, and in thia iavontiflutlon it who deal red 
to oonduot Uto dynonio tenta uj>on tenallo teat placea of 
exactly ti e auné slae und ah ape us thooo uaed for the 
ntutio tasto. 

ïho Itirge machine wan uaod in ja*eforeiioa to the uuullor 

one of 30 .I^a. capacity beouuao tito si ae of toot pieces uned 

for tensile tasting i« uore marly tlje uiae of the standard 

datlo toaftlle tost placo. 

Aa the maolilue Itaolf io quite well Knotn, it wi ll be 

doaorlbed only briefly her«, particular attention being jmid 

to the id wing oertaio oonetuntu of the meohlae, auch ae 

weight* and dine mil on a. a photograph of the twohlm uaed la 

exhibited in the Appendix, JPlg. 3, which shown clearly tlia 

.iOthod of attaching a tenalle opeoicicn. *l*o ponduliM hammer 

ia tnppad and threaded at tlie back ft.r boldly one end of the 
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tort pieoe. tho ot):or vhroodoa onrt of the tunt

pidoe la aorotrad a hardo.iad otool blook. rben the 

pendoliaa Jropa, this block i.trikea a^lnot prolonimtlona 

of tho iinvil find la atu <id. ?h« roudalir: la aiu)pended 

to a'-rin«r about a horisontnl uxla on roller boiirin^ta, fund 

aa Indox hand la i.ouiitod on tlile axle -s-it}. an onuy frlo- 

tioa fit and truvola ovor *irfid-mted olrouior dial witdi 

tho hfv aor vbon thiu rl ooi; nftor frnoturtnrr 1;);o tout 

;'iece.

I'ho hurs.-.or iB rfiiued by raouna of a aiaull rjott.r and

hold up at its '-•tixiuim aturtlmr tiiwio by a uatuh which

nay bo relenrod by r'»lilnj? tho oord hJ owh In tho photo-

grtisih. The tm^la of rise of tlio hiuauar aftor fraotura

of teat pleoa la road off frou the ^ad^mtod olrolo.

IhiS kixiotlu 8i^oi'«gr "-<* a^’illabio at the tluo of iia-

pact la oqual to tiie j^roduct of tho -.fcirrht of the iitrlk>

inr? liuaa "1 ’ by tho }:olid;t -€ fbll of tho oontor of pray*
( "d ' bol nrr ruulim to 

Ity, uontur of i^ruvity)
? X d (l-ooB a) fu bnlnf? t]:o atiurtii^? niif^le)

lOBo tho klnotio energy absorbed by molianioal friction

fuid the ulr reeiatiniue of the full.

fhe klnotlo oiiorgy ^ r** left after idiook la e:iual to

the product of the wleght of tlai atrikinir nasa by tha

}:el»?ht of iiacont of tho oontor of gravity,

? X d (1-cou b} ( boinp the tuiglo of rine)

plus Uio «morgy abuorbad by friction «id air reaifitanoe

during tho ascent.

- --^4-
1 , i,
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to tul onnrgy ubi-or bod io tlion «qual to 

k - k 

la order to dotorulna tto ouorgy uboorbod by friction 

und ulr roulotttuc« the pcnduluu 1« allowed to öwln<f frooly 

und tho (loorouue in implitudo of nwlng noted; thin give*. 

u table of correotlonn to bo applied for e.ioh ungió of 

uuoeut. 

Where touuUe epneiuoin aro need for tie U-ymot 

tout, in nulting oolculfctlonn the voluht ”? • of tho pon- 

duluia in increuned by the »ei «ht of the broken end of the 

e!M»cljien ourried awtty. And the sturtin* »ingle lii « at 

nagle »hieb the line throuf* the axle and the renal tant 

oenter of gravity of the Pondulan, with tho tent piooe 

and tup attached. laolcea '»Ith the vertical . i*or ^nce 

tho effect of tho tup and teat pieoe la to Inoroaoe the 

height through ^»hio». tlie center of gravity fallo, the 

pondulora hue a «roater ntriklng velocity than It othertrlne 

would have. 

*.. .*!«* 
., '‘"'i • a . A 
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OhartiotdriDtloH of the Uluirpy Kuo hl no. 

Uuohlne Uood - Ho. 180. ?ypo Ho. 8. Uouton Pondule 

iiyatono ühurpy. 

;.n<rliiih 
Unit«. 

2ia.4ft8« lho. 

b.:i37U ft. 

G.24HÍÍ ft. 

Ho trio 
‘ Unita 

'Vai fr ht of Pendulum ------ 96*370 Kg. 
KttdlUH to cantor of gravity- - 1.027 n. 

KttdiUB to oontor of Porouunion 1.904b n. 

Haxiauu starting Anglo * • — 160 dogroou 

¿Too return angle aorroupondlng 
to niiXimuM atartlag angle - 108 degree« 

Velocity of Impact (Uax.otart- 
lag angle) 8.733 n/eoo. 28.6618 ft/uoo 

Uapaolty 

Plátano« fron o on tor of «paulina 
to axle of rotation ---- 2.000 n. 

304.6 Km- 2803.2 ft.lbe. 

6.6616 ft. 

Period of 0actuation-- *.Vo91 uoo. 

Geloht of blook or tup - — - 2.300 iig. 6.0706 lb«. 

,.. *--7 



lho Hlthl« üaohin>. 

/or tb« ututio touts tbs ÜiohJL* toutüifr rmuhln» of 

100,000 lbs. oacuity wua uasd, ofclsfly boortuoo this tjrps 

of imohino Is nost (»woereilly usod for otutlo toots, 

aapooiully In routine work. 

Tl;o nttohine iu roj>rouontntivo of typs ÍÍÍ) nsntionod 

undor tlïo ülsousoion of ututia nuohinou abovo. It io 

too woll icnown to nor it a dotuilod doaoription hors. 

powor io applied to tho lower «md of tho tout pieoo by 

r oans of threo Tortioal aorows, i4iiol> puss tt.rcutfi the 

woi obinp tub Is. ?hase Tortioal oorowo ore oennootod to 

the noter by u ay at ora of aorow and spur gsari ng. ?hs 

upper and of the test psios is attached to a Irons which 

is fixed to the welding table. -T» force applied to 

the test piece by the thres strain screws Is trunonitted 

throuigi thio frans to the wetting table, mid thence by 

a compound aysten of loToru to the graduated welehing 

been. 

iiiiiiiüliriiMib i,*?- ■ * - 
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ia. 

of UA? ,L3D irr,n?mv'! 

oír r.i^iaQ. 

atool •ioloutod, * 

'Jh# jmrticulur «tool uelootod for thin InYoaUgutlon 

mw a Pi din u nr bon atool, ^tioh upon unnlyaiu vmu iound 

to haro tl.a follotriiiflf ooapoui tion: 

: Conatltuont ; Poreout 
# • ——_ • 
a « 

: Carbon_| p.gy 
• * 

^Manana»— j 0.70 
« 

î Phoaphoroua : 0.046 
î • 
: Sulphur_: 0.043 
• • 

j allloon__0u86ß 

■LMlolfl_L_ 0.34 
0 • 

: ohrolMi_: O.ll 

-biu ato.il wan arai labia In aguara bora l-8/6w x l»¡}/8" 

and of langtba Tarylng fron 39- to 63-. ori tAml longth of 

roda had baan a» proxlnatuly 10 faat. but all bn« praYlounly 

baaa «Tan a aariinllalaff trautuant. and aaoh of tha 10 foot 

bart bad baaa «vtrJL« tbff^ ilaoaa baoauaa of the liai tad * *4 
also of tha annaullnf furnuoo. Joe Appendix, fig. 1 for 

aobonatlo dlagraa ahowing IwAtion of apoolnana la tha barn 

fro« ffhloh ttrajr warn tukaa. narkinga, 8001, 3603, 3808, 

ato*, indloata tha narkiago orl«dually placed on tha boro 

'1 ¿a. Jifa.;,. «1»^. ■ »-»w- .. 
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lo th« tasting Inborutozy at tl¡a • ut or town iirnauiil, und 

hnTa uaan proaorvad la thin aient uh ïor Iduntlfioutlon 

fro» th« raoordo of that luboru^orj'. .¡^wjh horizontal 

group of thrao barn in tho u.jotoh indioataa th® throo burs 

that vraro out from ono 10 foot bar, und a] ao ahowo their 

rolutlva ])ooition in the longer bur. 

Haat troatnontu. 

To obtain u \rlda rango of variation of intornnl atrClô¬ 

tura, nix dll oront heat troutrenta ware ajTpliod, TliroufA- 

out the roraalndor of thio aiaouaulon thay <n 11 be indioutad 

au hoat troutr^ntö A, B, CJ, )), K and V, ifor oaoh ¡»at 

troatnant fire dynaaio and fire static teat apeol uocie were 

taicen. In nerklnr the epeolnenB, the first lettor of auoh 

group indioatob the heat treatment. The middle lettor of 

oaoh group, "B" or ’'ir* ideatifioo the u peal nan ao to etatie 

or dynaaio test; "U" indlontlavg a dymualo or Clinrpy test 

piooe, and "ti” i mi touting a static or Hlehle test pisos. 

The numeral following the 'O* or '&* of sash group indloutes 

the number of the apsoimsn in that group. Having tlius in¬ 

di outsd the method of aurklotf, a glanos at the diagrnn will 

uhow how alteraste dynaaio sod atatio test peloso wert 

takes, and how oorrespoadlngty aonbered apeol cone under 

any heat treatneSt oooipied adjaoent positions ia tho 

original bar. 

?ho heat treatments given wore as followe: 

■U’* - Hold st 1100° a. for six hours and furnaoe 
ooolsd. 

ft'«**-*•*« il iiHiM(®p||ii||M|iii|)iii .,'»-x.. 
'V* ajflWW. * . » 
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*'r * Hald ut 1000° 0. for alx hour« uod furimco 
ooolad. 

^U** - Hald at 900° C. tor alx honra und fwnaoa 
ooolad. 

'd* - Hold at 860° C. for ulx honra und lUrnooa 
ooolad. 

''K'1 > Hald at B50° 0. for one hour unci qnouohod in 
wat or at ííl° ü. - drawn at 600° 0. for one 
hour and air ooolad after tho draw. 

"y - Hold at ü6ü° 0. fur two honra and nir uhiliod - 
drawn at 000° Ü. for ono Jiour and furnaoe ooo.od. 

In boat tr.mtln^, »U.I oi tho t»m upooliaona of ouoh 

group iroro plaood In tho ií¿*iao iUraaoo, and groat onro wau 

exoro load to inmire abac luto unliornlt}' of hontlng. Attan» 

tion la Inwltod to the photo nlorographa U| pearl ng In tho 

Appendix, which f&ow the raanltlng atruoturaa obtained by 

the alx different heat troat .onta. 

apaolttop Adopted. 

It waa detilred tlmt the apaoliwiaa uaod for tl.e dynanlo 

and etutlo troto uhould bo aa nearly Id'rtloal uu to fcm 

and llraonnlona aa poaalblo. ¿'or u drawing ehowlng oil 

dinonuiono of tho upeolnan ooleotod aee ApgeiiAlx, fflg. S. 

fhla apeoinon, of 0.548 in. dlouoter, la standard, at ttio 

Vutortown Araenal Seating laboratory* for all testa on un- 

notoaod tona lit bars by tho 300 Xjp. Oharpy naohino. the 

apooiraon for tho Hiohlo uaohlno was nado of tho •aa» dlaoa- 

alono throuigiout aa the úharpy apeolnon. Sha only diffar¬ 

enas botwoon tho spool nono fr tho two naohlneo was In Ua 

nunber of threads por Inch. Sha unorpy mohíno roqulrod a 

ntetrio tliread, whonoao an English thread woo need on ths 

Hi eh le mohíno 



Vhc fly atual o ?o»t. 

ànr th® romilta obtuliÄtl on tí«» Olitrpy inoMi», noe 

appendix, ?nblc I. A two inoh puuffii longtJi «tiuí rjurkod on 

oíioh >i]»oinan beíoro boiijff pietood in ti.«* riiiutii». ^hi 

juicio 01’ aauont, oion(«iti on, »ccl rotksotl on oi arou worn 

rocorüed in oxory ouuo. 'Zke iunl fot» tiroudn on «uuí oná 

of tho tout pieoou woro fiuttoaod te Huit tí o i.hip of tí o 

u).’ooii'»on opon tí o tiq,’u utriklng th© unvii. Por uni© nti 

tha throuda it exoopUonnll; ■ tintiit it wua notiood tl.t.t ti.t 

t;p©oluan wl U. tl.e hefixj' tup ut»uoi »Kl tondod to nug fill(d<tl^, 

thuo provontinfr tio tup froia atrikiuii tl¡o «nxi 1 auunrely, 

?ho weight of that portion of tlio ai;aoinon riwalninp In 

tha ponduluu, ua troll uu ti nt vhjttj on attaol.od to t)»© tup, 

are nluo rooornod ln toblo 1 fur oxory caoo. Por photo- 

»arHpha ahowinp appaaranoo of fraotui*© oo<* apoondix, Fi/jja. 

&, 0 >ind 9 to 14 inoluulxo. 

rho fltntlo ?oot. 

On tí» Hi©hi© nmohlna tho ©lontmtlono woro neauurou up 

tc> tí o ylold point by laoono of a Horry ¡Strain «mu». ?h» 

photograph. Appendix, Fig. 4, niiowo tho uaoiiina »ritt opooi- 

uaa and otrain gaga attaoíioiU Horo ulao, a two Inoh gnga 

length was marked on oaot apeuiaen by a prink punch gage, 

be fora inaartion of tí»» apaguen In tha ¿«to hi no. «tfter tha 

yell A point woo reached In oaxd. oaaa the otruln gage waa 

rouoxed, tha alongatloue being ioaaurod thorauftor by a 

xornior. aa byt one nan oporntad títe nauíiin» tí.© rate of 

i-ajm.^ 
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loti dl t\r wao unuauiiliy isla*'. '¿'no lot d wum uj rliod in la- 

oromentB of 1,000 iba. «iftor oaol. 1 norm mi nt <rf’ loud tlm 

boua waa loft bnlanood whllo u r iudl nr wa« takon of Ui# 

olon^atl on, and, aftor ranoval of ti o utrnln ffuiro, of ti e 

Ci anotar nloo. ïho rouulta of tlio ntatic tout for ouoli 

upBoinao aro recordad lu tl.u uji-uudi-x, Tublo II. 

i'’roia the data of Tail lo í.i, ti. oro van plotted for outil, 

aped non a Load-Klon/mtl on ur.rvo. Tiieue cua’vou wore into- 

ffitutod by noiiuB of u planiuutor, t.ud Uie vark ubnor bod In 

ouoi citae thua detorniued. The Jjoud-Klonfmtl on curveo for 

the t tuti o teat are to be foiuri in tiio A] pondl x innedl ately 

followlnfr Table II. It lu to be noted that in Ue cuuo of 

heat treatnenta "A” and 'y, there wub no fallía^ off of ti.e 

load at the yield polut. ïhiie In tie other lie at trout. Ante 

there were nianoroua Inutanoeu where it deoidod reduction of 

load wan notioed at the yield p^lnt. 

vu atated at the betrinniuft of tt iu «iluouuolon, vdmt la 

ouutonurlly known ua the atatlo tout le not, utrlotly apeak- 

Inn, u atatlo tent. If the rate of application of Ha load 

lo increaued to auoh an extent that the Bovin* porta of the 

touting raiolilni acquire an appreciable velocity, the tout then 

bououea a dj nanlo one. It la thua aeon that there la no 

definite boundary line between the dynanlu teat and the ao- 

oallad teat. It la not Intended here to do wore then 

call attention to the above 11 iai tut Iona of the torne ufied. and 

to idve ti» relativa val oui t loa of the novia* iiarta of the 

uuohine uoed In thla iaroatlflati on. Tn ti.o Uhiiriiy teota the 



ia. 

atrlicinp rol ocl <fci tlio paaduluu wus liü.06 foot per ueocud. 

.'hile la tie itlohlo teutu th ruto of uppllcutlon of tie loud 

▼arlod fron 0.01 to 0.14 Inoltoa jjor piuato. 

In the proixtratlon of the tent pleca» for thin inveetl- 

gntioa the rauol inlnt wa« TX^rtl ociarly carefully ne rnjmrdn 

the dlnonulomi »j oc ifioci. iiy roferri n^r tc the dlunotoru iib 

(ávoa In Tublou 1 and II it ie noted ttwit In but four ounce 

wee the variation noro than .0000 Inohou fron t.Yti upooiiiod 

dlurjeter. 

flMpffMHNIi r 
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V. 

/or a ooMptrlion of U c ty i» of fracturo prc ;luoed by %k* 

two net nod a of tooting, at t net ion iu invito^ te tí o photoRrapha 

inolufiod in tho Appondix. /iowu nariial tc r^>o »«utl on of 

fracturo uro »iLovm in Sipuros ù to tí inoluolvo, axai fliaxroB 9 

to ;¡0 lucí ua i vo uhow ti. o fruoturod ujeoinona in an up ri û-t 

potiition. le in te oo notad Uait th* iructurou for tbo dy- 

aamlc tout oro in arunon l of u uoro ruRp-ad contour fuid noro 

oeurly fibrous uppourtinco in the cutio fer ti* iitutic tost. 

;hil© îtr th© ututio tout tic pÀiuM al fracturo la approxlwttoly 

a piano aootion, for the dymoaic toat, on ti o other hand, there 

le a partial cup and oono effect, or a rtutped drew! np oitt af 

tho natorial at Uio aootion of fracturo. 

In table III of the Appandlx hua boon tub «I atad tildo by 

aide tar tho dynonio and atatio toutu, for oaci corroai onál ngly 

nuraborod apecltaon, comparativo values of total work done, per- 

oontago olon<mtion, and peroontago contnuttion of arou. 

It it intorcating to noto ho» vary tauch ooro nearly uniform 

uro tho at »¿tic roaulte ae ooujttirod to the dynttralo rouultu. In 

tJ. le otn.jootion it la aocc by turning to table II, that fttr 

ouch boat troatnont all five of tí o static opooluone gave veiy 

uppro:d. Matoly tho anno ylold point, tho ouiao ultinato load, on A 

^ „a,. M„ia^ 1«*. « **'• 
.f nnliorultjr .* Är .»-l— <* ““■» h"rt "“** 

1. groat.», ho*».* t-.0 ».»mito ..a aaurly unlior. a. 



would bo oxpootod frow u tijuunio tout. 

lit /If. Jil it hi.ora ifruphloully l'a|• the uvorufo of onoh 

)»at tr*i«tnentt tho uuua ootti iurotiv« cl'ttu uo tdvoit In table 

MI. i.n In /ig. UH iu pluitod tito i«ra<mtnge rolf^tloniiiip 

of tht» u^ort go otutlo ronultu U' tli«i uvomgo (4 nunlo rooultu 

i'or otuil. hout troiitntmt. 

.0 nolo thut in uvttry c.uuo t).o i.otnl '¡ora üouo, üie ol- 

on»?iitioa, ; ml ti. 0 ocntrauti on o* turou iu inroiitor «.or the dy- 

¡UiUit: tiitin for tho atatic tout. Ï1.« Uifi’ortu»« '>etwo«<t U.e 

uorrottpondi np fioulionu f**r *)tci t’'»!) lothocu oi ton>.1 ng iu 

nrohtout for vor k dota* und in Letiat foi* o<i at motion of uroii. 

fho ratio of work do te utatioully to rork de ne dynioiioully 

mrieu from 61.3,* for bent treutnent ’A” to 70.a1,# X<j«* bout 

treatment "W, »»Iwinir a difforonoe of 16.1>¿ orur the rung* 

of heat treatment • ueed. ffbe ratio of 00 at motion of area 

in statin touts to contruotl on of area iu tiyat*i*io tontu varies 

fron U7.3,* for îttiat treatnont ‘A* to 99.6,4 for heat troatoent 

"lï\ u üif for once td lh.2^ over the rungo inuluood. And the 

ratio of elongation varies fron dl.9;* for boat treatncmt "A" 

to 92.7,* for lient treaUiont r,¡5'^ »riving a variation of 10.6> 

over the range included. 

.¿oferring to /if* it it intaruating t<‘ note that the 

ratio of oontraotion of area for tho two netho&u of teat lug 

varie« very uuoh in tlio ueue winner an die ratio of work done 

for the different 001» it ions of atruoture. ïhat iu, it would 

•eeu that tho oontraotion of area an rooortioA in U.e usual 

stutio tost would uerve .Mrly voll u« u oritorion of tlit shook 



ai. 

route ting projstrtJeu of t to 1« ttirlal, on buru or 1 ^nictiurul 

nuiaburu of uniform nootiun. 

■ 
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VI. 

In ti.« liiriit of the uboro obuorvutlomi. »1 thin lie Ilnltu 

of thiB InreiitlcFHtl on. U oro upiHW.ro to bt» no H xocl ¡ oroontog« 

roliitlonui:ip ootv.o m t>¡<» rouulta obtainod upon u ¡^.rtjcoilur 

utciul by ao-unliod otatl« une. Uj i«*raio tonulio tonta. Thin 

rolntlomhip la uppurontly a function of thn ntruuturt iaparted 

to tlio atoai by difforcut troutiients. Jiowovor, the »jiriation 

of tho rdati onahip in not largo !«d aooBU) to b«* confinad to 

a c-u*titin lU'.itod nwfto. It reuat bo noto ci that thxti invonti- 

mition ha a beoc llroltod to one particular atool of 0.39> carbon 

contant, and tc unnoted od tonoila toi t apnoitnena for both the 

atatiu und dj jjuuic tonta. 

/ron U.o vari oua data obtainable frua u atutía tunuile 

test on thi» vartl ouit.r atcHtl. tico reduction of urea uecuw to 

be the oort criterion of tice uhock reulstlnf qualitloH of the 

Material 
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CHARPy TEST specimen 
DyNJM/C T£N3ILE T£3r 
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RltzMLfZ TEÔ T SPECIMEN 
J TA ne T£NÓ/L E TES T 

£//<r 
( /¡JO rnm ) 
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•FIGURE .2 



CHARPY TESTING MACHINE. (300 KGM.) 

FIGURE 3. 
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APPHABAIJCS OP FRACTÜIJi, DY'J 1IIC mir 11^ 3, KCIUKHI .. 

HKAT nAM, "B", AlO) "C" . 

(?rtmoa in lóate end of apeoimen to which tup was attached.) 

yi&UlîS 6. 



Ai'P SAR^TCTS PF FP\C^r!R 

H3AT TKlAr^PITS 

(Prir.í(8 i ni i cate end of 

T5!, 'V'^V'TC TF’T'1TTF SPTOIT^FNS. 

^211. *%* MF',. 
Bi-ücir»n to which tup wae attached). 

FIGURE 6. 
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APPEARANCE OF FRACTORE, STATIC TENSILE SPEC BIENS. 

TTTCAT TRBAH1BNTS nA_r, "B", AND "Ctt. 

FIGURE 7. 
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’peolmt*) 4-'2. Urigßkii io^VioiD LO. 

ritsfetd with « 4- »alutJon of i ltrio Ajid In ulcoi.ol. 



»¿»«oif.au B*Kk« SMniflaatiac &C. 

if.-»eimán '^drniricitien öii. 

toi ad »iu* a 4/ isola tion of S i trio 4ai4 in Alcohol 

.■vtahod «Uh « 4A «oint ion uf là Itrio toll in Alooitol, 



.^«olro«n 0.32. lo*tion bü» 

c-toKed «rith * 4Á «olution of Mtrio Acid in Alcohol. 

'poo inan v3-»<2. a«ni float ion 60. 

Atni.od with o 4/» 3©lu lion of Nitria Acid in Alooliol. 



0-3S* lontlon 50« 

utoheó with « HA ftolutlon of Citric Aoid in iVloohol. 

Oliftoimftn D-ftS. lingnlflo^tion 60. 

«¿tohei witii ft 4; solution of 11 trio Aoid in Aloohol. 



>P«3iíT.«n ia{TUll3nUon 50. 

with * 4. »olutian ai ¿otrie %oid la Alaolrfíi. 

3pMliQ«m à-AS. 0*Lion bü. 

itol «d with a 4X solutleo of II trio 4c id in Aioohol. 

1 # 'yi§d>#itii*i 



F-iîa. iântlcn 5C, 
»Vsrttd »Ith « 4J »alutioA ci rtltrlo «Jd io hlottkoi. 

3p«üAæ*«i Jr-fttt. ¿•«nli'ioation 6ti. 
«toh«4 »Itfa » Ü Mlutlon oX ^fttrU „oid 1a Aloefcol, 
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.>mt« X««t«d, J«o. ¡¿7, lV2k; itooffi r«rap era ture. 

i)»t« h«at Iraatad, Q, löiü. 

Load L> lena ion ])iam- Load .ottonaion 
U.ba.) in 2* Langth ater (Lba.J in 2" Length 

(ln.) Un.) Un.) 

0 C 
1.00C .00026 
2.000 .00060 
3,000 .00075 
4,000 .00100 
5,000 .00125 
6,000 .00160 
7,000 .00172 
8,000 .00200 
W,000 .00220 
¢,500 .00230 

10.000 .00260 
10,600 .00756 
11,000 .028 
12,000 .034 
13,000 .039 

• 543 14,000 
16,000 
16,000 
17,000 
18,000 
19,000 
19.600 
20,000 
20,400 
20,400 
20,800 
20.600 

.542 20,400 

.641 20,200 

.540 20,000 

.639 19,000 
19,200 

.050 

.055 

.070 

.080 

.100 

.135 

.160 

.170 

.200 

.240 

.285 

.350 

.380 

.395 

.420 

.430 

.440 

ïield ioint, 

¿aaxtnun Load, 

Load at Hup tura, 

-Slongation, 

Oontimotion of üraa. 

10,600 Lba. 

20,800 Lba. 

19,200 Lba. 

22$ 

31.3$ 

Fraatura • granula# surrounding aillqr cantar; 

Briaall Ibiabar, 187 

Diam¬ 
atar 
(ln.) 

.538 

.536 
• 535 
.633 
.530 
.527 
.524 
.521 
.516 
.511 
.504 
.492 
.483 
.478 
.470 
.465 
.450 

na oup. 



a a ¿ is ii-tt-ii 

Ltttto rai tud, jiao. 27, 1J22; :ioon 7«ripon»turn, 25° Ü. 

Data Haut ?rnatad, .'îept. Ü, XJ22. 

-iOüd .Xxtonaion i^lau- 
( .ibu. i in 2“ Itonpth ator 

(In.) (In.) 

..olid îxtantiion Jinn- 
(^bn.) in 2” Lonf^th otar 

(In.) (In./ 

0 
1,000 
2,0 )0 
0,000 
4,000 
b,000 
6,000 
7.000 
8.000 
«.OJO 
«,600 

10,000 
11.000 
12,000 
13,000 
14,000 
16,000 

0 
.00016 
.00047 
.00000 
.00110 
.00126 
.00160 
.00140 
.00220 
.00260 
.00270 
.00760 
.030 
.036 
.040 
.046 
.Obn 

.543 16,000 .066 
17,000 .080 
10,000 .100 
1U.0/0 .126 
19,600 .160 
20,000 .160 
20.200 .206 
20,400 .240 
20.460 .260 
20.460 .330 
20,400 .360 

.6416 20,200 .360 

.640 20,000 .394 

.63« 19,600 .410 

.636 19,400 .436 

.637 19,000 . 4<t0 

.636 18,600 .442 

.634 

.632 

.630 

.626 

.623 

.619 

.616 

.611 

.606 

.446 

.494 

.491 

.476 

.470 

.460 

.444 

.442 

4 
* 

% 
I 

Hold oint. 10,000 «bu. 

Maxlnua ~.ot>d, 

bond at Huptura 

lilonffutloa 

Oontruotlon of Araa, 

jraotura - Ho cup • 

Brlnall Juobar, 107 

20,460 uix . 

16,600 ¡Am. 

aB.i% 

33.8^ 

fltrf*nulur anrraunding olllgr oontor. 

¿ 

- *i11:4< 



? A 3 «d lî 

Ü_ior 21 A-Ü3 

tinta ?0Ht4d, J«o> 27, 1922; i»oon 7<jfap<*rnturi», 2ft° 

i)ato ildtit irontod, îJopt. 8, 1922. 

Load 
(ubá.) 

ü 
1,000 
2,000 
.>,000 
4,000 
0,000 
0,000 
7,000 
8,000 
9.000 

10.000 
10,800 
10,600 
11,000 
12,000 
1.4,000 
14,000 
16,000 

Kxtan>: ion 
in H" ..imgrth 

( In. ) 

Jium- ijoud 
otor Ubu.) 
fl«.) 

iXtdllHicn 
in 8‘* Longth 

( In.) 

0 
.00016 
.00040 
.(X)076 
.00100 
.00132 
.00164 
•00200 
.00240 
.00878 
.00318 
.00800 
.016 
.017 
.080 
.030 
.040 
.060 

.643 16,000 .060 
17, OCX) .076 
18.000 .046 
19,000 .180 
19.600 .146 
80.000 .180 
80,200 .200 
80.400 . 830 
20.600 .260 
20,600 .380 
20.400 .360 

.6426 20,200 .370 

.6416 80,000 .400 

.641 19.800 .410 

.640 19,600 .430 

.639 19,200 .440 

.6376 18,800 .460 
.636 

Ylald ioiat, 10,800 ^ba. 

Maxima Load, 20.600 Lb«. 

Load at Huptura, 

31 on gallon. 

Contract! on of ^roa, 

Fracturo - no oup- granular 

Brlnoll Muwb >r, 187 

18.800 Lba. 

88.6)1 
V 

36.8)1 

surrounding oliky oontor 

Diun- 
otor 
I In.) 

.636 

.ÚM 

.630 

.627 

.624 

.619 

.616 

.612 

.608 

.448 

.448 

.482 

.476 

.469 

.461 

.460 

.437 



? A 3 iî i I-tt-4 

¡Jato jÍOBtdii, ]>»o. Ü7, l'iíiíí; iíoou !?««iporaturtt. Jí6° G« 

H«mt Tmuttcl, tí, Uiut. 

-oad .'íxtom ion Dian- 
í-.bo.) in üF* Longth otar 

fin.) íln.) 

Load íxtonoion Diara- 
(Lba.) lu K'* ¿.onrth o tor 

íIn.) ( In.) 

0 0 
1,000 .00030 
S,000 .00060 
3,000 .00096 
4,000 .00120 
6,000 .00160 
6.000 .00146 
7.000 .00230 
8,000 .00260 
9,000 .00296 

10,000 .00440 
9,600 .010 

10,000 .016 
11.(XX) .020 
12.000 .026 
13,(XX) .030 
14,000 .042 

543 16.000 
16,000 
17,000 
18,000 
19,000 
19.600 
20,000 
20.200 
20,260 
20,200 

6426 30,000 
6416 19.800 
6412 19,400 
641 19,200 
640 19 ,Ü(X) 
639 18,300 
637 

.064 .636 

.060 .666 

.000 .632 

.100 .629 

.130 .626 

.160 .522 

.200 .616 

.260 .611 

.293 .602 

.326 .446 

.370 .486 

.400 .478 

.426 .462 

.440 .466 

.446 .461 

.466 .438 * 

Xiold Joint, 

UaxlmuM _.ottd, 

-oad at Huptaro, 

10,000 6du« 

20,400 Lda. 

18,Bon Loa. 

.tloafatloa, 

Contraotion of Aro«, 

/matura - aquaara, no aap; 

ârlnoll Ihinbor, 187. 

22.76,( 

36.05( 

«mnuliir aarro’u»ii np aiilqr uont.or. 



g A tt -, K II-—g 

BPKÜllUfll A-H8. 

jato gootod, i»oo. 37, 1933; îïoon gfcnporawro, 0« 

Hato Hont groatod, Bopt. Ü, 1933. 

-.ond 
(Lba.) 

0 
1. ÜOO 
2, (XX) 
3,000 
4,000 
0,000 
0,000 
7,000 
8,000 
9,000 
9,600 
10,000 
9S300 
10,000 
11,000 
12.000 
13,000 

iixttmulon 
ia y* Loagth 

(In.) 

0 
.00020 
.00060 
.0)01)0 
.00100 
.00138 
.00160 
.00190 
.00230 
.00245 
.00260 
.00300 
.00600 
•016 
.020 
.030 
.036 

Dian- 
otur 
( In. ) 

• 543 

.6425 

.543 

.541 

.5396 

.539 

Houd 
( i#bu. ) 

14,000 
16, (XX) 
16,000 
17,000 
10,000 
19,000 
19,500 
30,000 
20.150 
20.100 
20,000 
19.600 
19.400 
19.200 
19.000 
16.600 
18.200 

HxtMnnlun Hi wa¬ 
in otar 2 ' 

( ln. ) 

.046 

.056 

.070 

.086 

.106 

.140 

.170 

.232 

.283 

.340 

.354 

.405 

.420 
\ .432 

.<162 

.464 

Í In. ) 

.537 

.536 

.564 

.532 

.529 

.524 

.520 

.61» 

.303 

.494 
• 492 
.476 
.466 
.461 
.454 
.«149 
■ 454 

Yiald 10,500 5b« 

Uatloran i.oadt 20.180 Hba 

Load at Xuptura, 18,200 Lba 

Hlonnatioa, 23.2/S 

OontruotloA of Area, 36.1)( 

fraotura - brolcon «oatour, no oup; 
o an tor. 

» 

« 

granular ourrounding ailky 

Brinail flunbar - 187 



¿■AJtii.K .xyjbA 
gate in,a B-ai 

Data JoLtod, j>ao. Ü7, 1928; .toon «onpomturo, 2fl° C« 

i/ate Haut Granted, ¡i«; t. tí, liMJU. 

-oud üctíinnlon Ditita« 
(Lba.) in Ji" jjenptti otnr 

(In.) (In.) 

Load 2x ton« ion iJliin- 
(i.bu.) in 2” .ongth atar 

(In.) (In.) 

0 
1,000 
1.000 
¿,000 
4,000 
0,000 
C,000 
7,000 
2,000 
9,000 
9,400 
0,600 
9,000 

10.000 
11,000 
12,000 

0 
.00024 
.00046 
.00074 
.00090 
.00122 
.00148 
.00180 
.00210 
.00266 
.00270 
.00680 
.012 
.022 
.000 
.040 

.8436 

.643 

.642 

.641 

.640 

.639 

13,000 
14,000 
16,000 
16,000 
17,000 
18,000 
19,000 
16,000 
18,600 
18,400 
18,200 
16,000 
1",600 
17,000 
16,600 

.060 

.060 

.076 

.100 

.130 

.160 

.300 

.340 

.390 

.420 

.440 

.465 

.476 

.600 

.610 

.637 

.636 

.634 

.631 

.627 

.622 

.604 

.497 

.486 

.476 

.467 

.464 

.447 

.432 

.418 

% 

Yioid Point. 

Uatlaia *.oad, 

Load at títipturo, 

ilon/rntl on, 

Oontraotlon of Aroa, 

/raoturo - Oranular, 

Brlaall Junbar, 176 

9,400 Lbu. 

19,000 Lba. 

16,600 Lba. 

26.6)( 

Rurrounding «lllqr o ont er; no onp. 

* *« 



-i- _ij-.ui 

ííata «eutod, D®o«abor 27 1í21í» ,, 
’ ii00“ *«ijwrutur»f 27° ü 

ïr"«*««. a.pt. a. iaM. 

iioad 
í-03. ) 

0 
1,000 
2.000 
0,000 
4,000 
0,000 
6,000 
'/, 000 
8,000 
9,000 
9,400 
8,600 
9,000 

10,000 
11,000 
12,000 

•íxtonuion 
l'1* 2 * Moncth 

(la.) 

0 
.00026 
.00062 
•OOOdQ 
•00100 
.00130 
.00136 
.00166 
•00216 
.00246 
•00270 
.0096 
.011 
.020 
.aso 
.039 

i>iuu- 
ator 
(la.) 

. 6436 

.642 

.6416 

.641 

.640 

. 6366 

~«oud 
(i.bu. ) 

13,000 
14,000 
16,000 
16,000 
17,000 
18,000 
18,600 
18,600 
l'\6J0 
lu, 400 
13,200 
16,000 
17.600 
17,000 
16.600 

..’Xtfliii; loa 
la 2" ^oairth 

(la.) 

.060 

.060 

.07« 

.096 

.120 

.160 

.300 

.342 

.400 

.'KO 

.464 

.470 

.490 

.620 

.630 

Ulan* 
o tor 

fl'i.) 

• ü37 
• 636 
.633 
.631 
.627 
.621 
.603 
.496 
.432 
.473 
.466 
.467 
.446 
.430 
.417 

ïlold Point, 

Itaxlrnuta i,0lid# 

6oad nt iiaptaro, 

Elongation, 

Eontrootlon of Aro*. 

9.400 ¿ba. 

18.800 Iba. 

16,600 j*bu» 

86.4ji 

41-2.¾ 

Praoturo - Ornnular «urromidln» aiimr 
.. aillQr oontor; no (jan 

Erlanoli 8u«b«r, 171 P> 

Hmm flMWii! 



a ~ i: 

-oto T#»to4. SM. 2Ö. 1922; ¡loom -(ap#rttt;ur<)( L»4o ü- 

i>ato Hont Troiitoii, Sept, tí, 1922. 

-uO&d 
l -jÜ U « ) 

.-xtrtnuiort i^i&n- 
lo Ji’* ««airtt, otor 

tin.) (in.) 

* nod Jjctonoion —lucí» 
in H1' Janffth otor 

fin.) (in.) 

0 
1,000 
3,000 

•5,000 
4,000 
0,000 
6,0*00 
V.000 
H.000 

^»,000 
»,400 
«,600 

10,000 
11,000 

0 
.00016 
.00040 
•00060 
.00000 
.00100 
.00134 
•00166 
•00200 
.00240 
•00200 
.00400 
.016 
.024 

•543 12,000 
13 ,000 
14,000 
16,000 
16,000 
17,000 
10,000 
li.000 
1 >.400 
16,000 
16.400 

.6426 19,1100- 
•641 10,600 
•640 17. (XX) 

.031 

.040 
•050 
.070 
.060 
• 100 
.134 
•ido 
.250 
..310 
.360 
.410 
.440 
.516 

• 63 V 
.637 
.6566 
.5:54 
• 532 
.629 
.526 
.514 
.509 
.600 
.400 
.476 
.461 
.416 

Yl«ld Point, 

kftxlaun ..o*id 

-o%d ut ituptur«, 

-Ü on Ration, 

Oontraotloa of üxm 

9.400 Lba. 

19.600 Lbu. 

17,000 Lba. 

26.76/i 

-0Oi^ 

no oupj vnnular /ruo turo - linttmi od^oo, 
cantor, 

Hrlnnoll Jlunbor, 171 

Morroundinfr ollky 

I 
I 



T A B L K IX-b-4 

ai-jîoiua> B-H-4 

'Ùât9 Veatod, Joc. üB, 1922; itO'Ha Vtuijiuraturo. 24° ü. 

i)at» Hoat "routad, ilopt. B, 1922. 

-ou d .¿et t»nei on ¿1 un- 
(i<bo.) lu l"' ^.ougftli otar 

Un.) Un.) 

^ioad Kxtunulon 
(¿bu.) lu 2' ^ongth otar 

(In.) (In.) 

0 
1,0(J0 
2, 00 ) 
.i.GvX) 
4,0 X) 
B, 000 
C. 000 
7,000 
B,000 
9,000 
9,400 
9,€)00 
9,000 

10,000 
ii.ooo 
12,000 

0 
.00020 
.00040 
.00060 
.00090 
•00116 
.00140 
.00180 
•00204 
.00244 
.00260 
.00270 
.014 
.020 
.OJO 
.0J8 

.6436 ¡¿.000 . 046 
14,000 .062 
’’Ô.JOO .066 
*6.000 .082 
17,000 .100 
16,000 .140 
19,000 .190 
19,400 .278 
19.600 .w40 
19,400 .300 
19,000 .448 
18.600 .490 

.642 17,600 . IKK) 

.641 17,000 .636 

.6406 

.639 

.638 

.&àêê 

.636 

.632 

.629 

.626 

.617 

.606 

.498 

.490 

.469 

.448 

.431 

.411 

Ylalt oint. 

lia d mua ¿oad. 

Load at Huptur«, 

Hlonftatloa, 

UoJitraoUoa of Arta, 

/raotura - úagaad. no 

9,600 ^bu. 

19,600 Lbn. 

17,000 Lba. 

^6.76> 

42.9^ 

uup; granular around larga al Ikgr oacitor. 

Brinnall ilunbor, 171 



T A B * it 

WMlim 

Dato i?oatodt Doo. HO, iDüli; iiooia roturo, Íi4° G* 

Dato Hoat ?r«atod, »opt. 8, littiG. 

Dood ;J:ct«»nnion Dlam- 
(Lbu.) in 2'' MOúfpth otar 

flu.) (in.) 

wood Kxtonaion Diim- 
iDbii.) in 2* ^ongth ot«r 

(il f».) Un.) 

0 
1,000 
2,000 
¿,000 
4,000 
b, 000 
b,000 
7,000 
8,000 
9,000 
9.600 
8.600 
9,000 

10,000 
11,000 

0 
.00018 
.00040 
.00062 
.00084 
.00120 
.00144 
.00184 
.00220 
.00264 
.00270 
.0062 
.010 
.020 
.028 

.643 12,000 .040 
13,000 .046 
)4,000 .060 
16,000 .070 
16,000 .096 
17,000 .130 
18,000 .186 
18,400 .240 
18,600 .360 
18.600 .390 
10,200 .428 

.6416 17.600 .400 

.641 17,000 .610 

.640 16,100 .630 

.639 

.638 

.6366 

.636 

.633 

.630 

.686 

.618 

.612 

.444 

.483 

.472 

.449 

.432 

.408 

Y laid Point. 

Maximum ¿«ad. 

Load at Huptura, 

Klon «ati on, 

G ont rao ti on of Ar«a, 

9.600 Lb.* 

18.600 ¿6«. 

16.100 Lba. 

26.8)4 

43.7> 

/raoturo - Bo cap, «lightly rageod, granular. 

Brlnnoll Jlumbor, 171. 



' 

? A B 1. B n-q-1 

Q-ig 

i)af Gastod, l»o. 28. 1922; lioon ütiBi^ruturo. 24« C, 

Data Hont *?r«Htad, Aug. 2ft, 1922. 

^oud 
(^ba.) 

0 
1.0CX) 
r.,ooo 
.>,000 
4,000 
ô,000 
t.,000 
T, 000 
U, 000 
9,000 
9,200 
9,000 

10,000 

¿xtonul on 
in C" l.anrth 

( In.) 

0 
.00018 
.00038 
.00060 
.00080 
.00100 
.00120 
.00160 
.00196 
.00240 
.00300 
.006 
.016 

01 an¬ 
otar 
( In.) 

• 843 

Load ixt o nu i on 
(L.1*'.) In 2’ Autlpth ator 

(In.) (Iu.) 

.421 

.640 

*1,000 
12.000 
13.000 
14.000 
16,000 
It,000 
IT, 000 
18,000 
18,660 
18,600 
18,200 
17,000 
16,000 

.023 

.020 

.040 

.066 

.074 

.096 

.124 

.176 

.226 

.420 

.490 
••St 
.846 

.639 

.638 

.6366 

.636 

.632 

.630 

.626 

.618 

.497 

.479 

.414 

.400 

Yield :solrtt, 

Uaxlaun Load, 

Load at Huptura, 

ülon^atlon. 

Coatraotloa of Araa 

9,200 Lb a. 

18,660 Lba. 

16.000 Lba. 

27.3)( 

46.6)1 

/rao tur a - aoujfc, jpr anular, allplit oup. 

Jrinnall Huabor, 167 

. :,- . , % 
iWMIWWiy 

f S 



! 

g a b L K n-o-a 

3iY,ÜIHBB 

Data înatad, 3)«o. 2B, 198H; llooi# gmpartitnro, H4° C, 

Data Bout grautad, Aur. 26, 1922. 

.iOad j!x4onaion Diet»» _oud 
[uña») in 2' ^«jjgUi otar («bu. 

(la.) (In.) 

iîxtamjion ]>iua- 
} lu 2" ijtiUfrU: utor 

ilu.) (In.) 

0 
1,000 
2,000 
:î,ooo 
4,000 
6,000 
6,000 
7,000 
6,000 
9,000 
9,400 

10,000 
11,000 
12,000 
16,000 

0 
.00020 
.00040 
.00060 
.00000 
.00110 
.00120 
.00160 
.00190 
.00240 
.00260 
•016 
•020 
.060 
.044 

6466 

.6M 

.607 

U.Ouü 
16,000 
16,000 
17,000 
16,000 
10.600 
16,600 
16,960 
10,900 
10.600 
16,400 
16,000 
17,600 
10,200 

.066 

.070 

.090 

.116 

.160 

.206 

.860 

.600 

.360 

.400 

.460 

.466 

.600 
• 660 

.636 

.634 

.632 

.620 

.622 

.616 

.609 

.610 

.491 

.461 

.461 

.447 

.437 

.401 

? 

Ylnld ¿'oint 

UaxlBun -oüd. 

Load at .üjptura, 

U on nit ti on. 

Goal rao ti on of ;traa, 

if rao tura - Uou^k, gruaular. alight cap. 

Brinnall iluubar. 167 

0,400 Lb a. 

10,960 nba. 

16.200 Loa. 

27.6/í 

46.6;í 



g A It « IS 11-0-3 

itPKoikj# q-aa 

Data 

Data 

gautod, uao. au. l^aa; Uoom gci4!*ruturo. 

Haat ?r»mtad, Au*c. JîiS, 1W¿» 

a4° 0. 

w 04/.(1 
Ubt .) 

]xtamiioa i)iuia- 
in a ' Lowtb otor 

( In.) (In-) 

L,ofcd iSxtoaaloa Dlnts- 
í-Aíb.í in U ' Lanrth otor 

(In.) Îïn.) 

0 
1,000 
a, ooo 
.$,000 
4,000 
¿»,000 
0,000 
7,000 
8,000 
‘J.000 
'.1,600 
9,800 
9.600 

10,000 
11.000 
12,000 

0 
.00022 
.00040 
.00060 
.00080 
.00110 
.00140 
.00170 
.00210 
.00240 
.00264 
.00280 
.010 
.016 
.020 .0» 

.6436 13.000 
14,0tX) 
16,000 
16,000 
17,000 
18,000 
16.400 
16.600 
16,800 
16,600 
18.400 
18,000 

.5430 17,600 

.541 17,200 

.540 16.600 

.6S8 16,000 

.046 

.066 

.070 

.090 

.116 

.170 

.210 

.246 

.360 

.410 

.444 

.480 

.606 

.626 
• 640 
.660 

.637 

.636 

.633 

.631 

.627 

.620 

.614 

.610 

.494 

.481 

.465 

.462 

.439 

.428 

.416 

.398 
f 

7la Id - oiot, 

Maximal -oad, 

load at Huptura, 

¿lonpaMon, 

Coot rao tl on of loroa, 

/raotura - liourfi granular, ullght cup. 

3rInna11 Auabor, 167 

9,800 

18,800 LOa. 

16.000 16a. 

28.0)( 

46.4)( 



? A B L 3 II-«-4 

0~i<4 

¡)ata ~oatad, Uao. 2Ö, l‘.)2iî; ¿toon l'an por ut uro, 84° 0. 

Jato Hont Grouted, aurt. £b, 1988. 

Loud Kxt oriol on ,;lma- 
(j-ba. ) in 8* ^onpth otor 

tin.) (In.) 

wood ixtoniil on Jinn» 
i Jbu. ) in 8" Jougtl* otor 

I In.) ÍIn.) 

0 
1.ÜOO 
8.UOÜ 
b .000 
4,000 
¿>,000 
6,000 
7,000 
0,000 
9,000 
9,300 

10,000 
11,000 
12.000 

0 . ¿>40¿> 
.00018 
<00000 
.000046 
.00070 
.00098 
.000180 
. )0066 
.00190 
.00880 
.00236 .843 
.014 .642 
•080 .640 
.OX .639 

16,000 .040 
14,000 .060 
16,000 .070 
16.000 .086 
17,000 .120 
1*V>jO .166 
10,600 .260 
18,000 ..»6 
18,600 .420 
18.200 .460 
17,800 .494 
17.200 .620 
16,60J .640 
U.OOO .660 

.667 

.636 

.634 

.623 

.626 

.628 

.611 

.497 

.479 

.462 

.447 

.432 

.418 

.403 

Yield ¿^olnt, 

¿laxluun wOfed, 

¿.(»d at ituptvro. 

9,300 Jbu. 

18,800 Lb a. 

16,000 U». 

iUonfratlon, 87.6^ 

Uontraotlon of ;ir*a, 46.0-,4 

/ruoture - iruj8i granular, nl irht oup. 

Brian«11 Juabor, 167. 



L>ato 

? A 3 à, II 

aniolusiif o-itf 

-•ataA, J«c, liy, Itflîü; 4toon -«iixiruluro, aß0 ü. 

i>»ta Haut ?rautad, Aug. Hb, 192a. 

-iOtid "JCtanulon Diuta- 
f^ba.) In 2' »ongth otar 

(lu.) (In.) 

Aucid nxtouHion Dltuâ- 
Í~ibu. ) la 2" liougtb atar 

(lu.) (In.) 

O 
1,000 
::,000 
0,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
9,500 
9,000 

10,000 
11,000 

0 .5435 
.00020 
.00040 
.00060 
.00084 
.00106 
.00130 
.00150 
•001B0 
.00200 
.00270 
.010 .542 
.015 .541 
.023 .540 

11,000 .035 
1S.000 .04b 
14,000 .060 
15,000 .070 
16,000 .085 
17,000 .120 
18,000 .160 
1U,600 .230 
18,900 .330 
18,000 .420 
18,200 .480 
17,400 .528 
17,600 .630 
16,100 .550 

.639 

.537 

.536 
•894 
.652 
.527 
.525 
.512 
.496 
• 400 
.450 
.433 
.422 
.401 

Yield jrolut, 

UuxIuum «oud. 

Laud ut Itupture, 

9,500 ¿.bu. 

18,950 L6o. 

16,100 nuu. 

illoofutloo, 8T,8ii 

oontruotlon of uruu, 45.0^ 

/raoturo - üufdi gr uulur, ullftbt *mp. 

driuuoll JfuMb*ir 167. 



TAB II-d-1 

:?rKCXJKH J-.il 

jut* '.'nutttd, J«u. 29, Í922; Hoon l'uniperuture, 2ß° ü. 

L>at« Hont '.'routod, AU<r. 25, 1922. 

-oi» d .:xt*«uion j)Í6ii3** 
(¿.bn.) ln 2^ i,«nfrth otor 

(in.) iln.) 

. ^xt «Kt ul Oil 
i-bö„ ) ln 2" Loiipth 

( ln. ) 

ü 
1, U0Ü 
2, OCX) 
3,000 
4.Ü0Ü 
ft.000 
5,000 
7,000 
b.boo 
9,000 
9,500 

10,000 
lo.etx) 

9,500 
10,000 
11,000 

0 
.00020 
.00040 
.00050 
.00054 
.00100 
.00130 
.Oülßü 
.0020 
.00232 
.00255 
.00250 
.00300 
.0070 
.015 
.025 

.543 12,000 .035 
13,000 .045 
14,000 .050 
15,000 .070 
15,000 ‘ .090 
17,000 .120 
16,000 .150 
19,000 .290 
19,100 .350 
19,üu0 .400 
12,400 .4135 
17,500 .530 
17,200 . 540 

.5426 15.500 .555 

.542 16,000 .600 

.540 

Yield l'oint, 

UaxlniBrt -oit d, 

-and ut itupture, 

Blonffutlon, 

Contraction at .urea, 

¿reoture - liouf*, dull 

Brlnnell ¡fuuber, 163. 

10,800 Lby. 

19,100 libe. 

16,000 -bo. 

29.0,» 

4Ö.3.1 

ollky, Inolpient oup 

■ , ", 

nifua- 
otnr 
( In. ) 

.536 

.537 

.635 

. 6.(3 

.531 

.627 

.522 

.504 

.493 

.434 

.456 

.431 

.421 

.407 

.390 



f 

T A a ^ }j 11-4-2 

arac mu 3-H2 

^Hto Dec. 29, 192«; Hoon ?ati)'orature, 26° C. 

Date Haut Treated, Au*. 2i>, 1922. 

Load 
( iibe.} 

0 
1,000 
2,000 
0,000 
4,000 
0,000 
6,000 
7,000 
8,000 
9,000 

10,000 
10,000 
11,000 
12,000 

ixt «nu ion 
in S’* Aoiifl*t)t 

( In. ) 

0 
.00020 
.000.» 
.00000 
.00060 
.00100 
.00124 
.00144 
.00190 
.00226 
.00260 
.010 
.020 
.030 

Diam¬ 
eter 
( In. ) 

.5435 

.642 

.641 

.639 

xiuad 
Í Lbo.) 

15),000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
19.200 
18,800 
18.200 
17,800 
17,000 
16,100 

.Detonei on 
n 2 * Length 

Í In. ) 

.040 

.060 

.070 

.080 

.110 

.150 

.226 

.310 

.480 

.610 

.5:50 

.550 

.560 

Yield Point, 

Jiaxima Load, 

Load at Hup ture, 

Jilongation, 

Coat motion of Area, 

10,QwO Lbti, 

19,800 " 

16,100 " 

28.0)1 

46.TJÍ 

Difeti- 
otor 
Í In. ) 

.558 

.556 

.554 

.532 

.529 

.524 

.51 4 

.496 

.459 

.439 

.428 
• 410 
.400 

Praoture - Hou*, dull eiUy. incipient oup. 

Brinnell Auuber, 166. 

» 
I 

.4 

3 

•'tv.sn..... « 



T a b w iî ï.: -d-a 

3 0,1(3 

liât« "«atttd, D#o* £9, 192£; iioon »«»¡pcrutair#, 26° u. 

Bate Beat Treated, Aug. 26. 1922. 

4-oed ixtamiion Biuia- 
i-bs. ) ln 2’* Lougtli utor 

(In.) (In.) 

«aid .îxt«iaalon BIi-iq- 
(i.bu.) ia 2 ’ Length etor 

(la.) fin.) 

0 
i.ouo 
2.Ü0Ü 
3,000 
4,000 
6,000 
«i.000 
7,000 
6,000 
9,000 

10,000 
10,000 
11.000 
la.ooo 

0 
.00020 
.00040 
.00076 
.00006 
.00100 
.00130 
.00160 
.00200 
.00234 
.00270 
.010 
.030 
.040 

.643 14,000 
16,000 
16.000 
17,000 
16,000 
1H.600 
16,000 
16,200 
17,600 
17,400 

.6486 17,000 
• 641 Ut ,600 
•639 16,000 
.536 

.060 

.000 

.095 

.130 

.170 

.260 

.340 

.465 

.500 
• 520 
• 540 
• 500 
.565 

.1)35 

.636 

.530 

.625 

.520 

.606 

.496 

.463 

.449 

.433 

.423 

.411 

.399 

Yield Point, 

*it1—i Load, 

Load at Ruptura, 

üloagatl OA, 

Coi*motion of Area, 

fracturo - Bull allky, 

Brlnnoll Bumber, 163. 

10,000 Lbs. 

16,600 Lba. 

U.000 Lb a. 

26.26/( 

46.6/( 

no oup 



» 

T A B L K n-*-4 

aPKüIUKB 3>»H4 

Dttt» ïostai, iJ«o. ß», XJßßi ¿toaa 'J*; pe ru tu r«, ßÖ° C. 

veto Hout ''routed, A\xg. 8ß, liißß. 

Load ¿xtonulon Uiiiw- 
(liia.) in 8” :,en*th otor 

(la.) (In.) 

0 .043 
.00030 
.00040 
.(X)0<X) 
.00080 
.00100 
.00184 
.00148 
•00186 
.00830 
.00850 .6485 
•010 .548 
.030 .539 
.040 .538 

^.oed 2¡xtonulon Dluia- 
(^bn.) in 8" Lonfrth otor 

(In.) (In.) 

13,000 .060 .030 
14,000 .000 .534 
16,000 .080 ,ö;i8 
16,000 .095 .ßJiO 
17,000 .130 .535 
18.000 .180 .519 
18.650 .37« .493 
18.400 .460 .465 
18,000 .500 .447 
17,500 .580 .448 
17.000 .530 .489 
16,600 .550 .418 
15,800 .570 .397 

0 
1,000 
3,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 

10,000 
10,000 
11,000 
18,000 

Yield Joint, 

ütuclm» 

«oed at liujpture, 

Uonputlon, 

Contraction of Area, 

¿raoture - »ull »il^r, 

Brinnell Number, 163. 

10,000 Iba. 

18,660 Ábe. 

16,800 Jbm. 

88.89t 

46.5)4 

ratter ooaree, no oup. * 



A-A-fl U il 

ijiOtÜIiiai D-U6 

üat® ?*otod. ]>«o. lia, I9aiii Ho on Jiu.peruturo, 26° g. 

i>ato Hoat ?raut«<l. Aw?. B6, 1922. 

jjOttd Ixtiinivloû DltoM- 
(libs.) ...a 2 ' ^oügth otor 

(!«•) (In.) 

-*oud .ixbonulon iJliiu- 
in 2' lu north «tor 

(lu.) (In.) 

0 
1,000 
2,000 
fl,000 
4,000 
6,000 
6,000 
7,000 
H. 000 
9,000 
9,600 

10,000 

ii:888 
13,000 

0 
.oooao 
.ooooo 
.00118 
.00144 
.00170 
.00210 
.00240 
.00860 
.00800 
.00900 
.089 

.066 

.643 

.642 

.640 

.636 

14 /MO 

16.V/00 
16,000 
17,000 
17,600 
17,800 
16,000 
17,800 
17.600 
17,400 
17,800 
16.600 
16,200 
16,000 
16,600 

.076 

.091 

.132 

.172 

.200 

.266 

.610 

.430 

.466 
•476 
.600 
.630 
.646 
.636 
.670 

.634 

.631 

.627 

.621 

.616 

.609 

.600 

.478 

.470 

.463 

.464 

.488 

.425 

.416 

.416 

Yiald mat, 

itaxlnun i^ond, 

-oad at ituptura, 

fllongatlon. 

9,600 J.ba. 

16,000 Lbo. 

16.600 Lba. 

26.6)1 

Oontraotlon of < 41.3;1 

i-raotura - Dull «lllgr. l/B oup. 

Jrinno11 nunbar, 168 



Dut« 

lAü I s U—1 

ai mu a» lum 

Tan tai, l>«o. 29» 1922; Ho<xi ?flni))erHturov 28° ü. 

Dat« Hout ^raatod» VUf. 29, 1922. 

^oad :ixtamilon ülnM- 
(«.bu,; la 2-.onfrth otar 

(In.) (In.) 

-ot-d îxtuns’i on llun- 
(wbu.) in 2” Lonfrth otar 

(ln.) (In.) 

0 
1,000 
-,000 
.5,000 
4,000 
6,000 
6,000 
7,000 
7.600 
8,000 
9,000 
9.600 

10,000 
11,000 
12,000 
12,600 
16,000 
14,000 
14,400 
14,000 

0 
.00016 
.00024 
.00040 
.00064 
.00092 
.OOf10 
,00136 
.00148 
.00176 
.00200 
.00224 
.00288 
.00260 
.00288 
.0020 
.0022 
.0086 
.0040 
•0044 

.6486 14,600 
16,000 
16,000 
17,000 
18.000 
19,000 
20.UOO 
21,000 
22,000 
23,000 
23,200 
23,000 
22,600 
22,000 
21.300 
20,600 
19,600 
19,000 
18.300 
16,-DO 

.010 

.020 

.026 

.036 

.040 

.066 

.070 

.090 

.110 

.170 

.230 

.290 

.330 

.366 

.376 

.420 

.446 

.460 

.470 

.620 

.642 

.641 

.640 

.639 

.538 

.636 

.634 

.632 

.628 

.618 

.609 

.496 

.476 

.462 

.449 

.426 

.401 

.392 

.383 
.(539 

Hold Point, 

Maxima Load, 

Load at Hupturo, 

31 on Rati on. 

Contraction of ;oroa, 

¿ruoturt - allky; atar 

I3rinn«ll Huubur, 207 

14,600 Lta. 

23,200 Lbn. 

16,400 Lb«. 

26.0,; 

61 • 2;¿ 

f roo taro. 

. f ^ .Íiü4 4(,. 
X 



TA_3 i 1¡ n-t-2 

3.1íi;iUi3í 

liât« Juntad, ^ao. £9, 19££¡ aooa 'auporuturo üú° (<• 

i>at* ii««t Jrtintad, Aaa. 39, 1938. 

^ond ixtanui on Jiun- 
(hba.) in i’1 Someth ntor 

(In.) (In.) 

ijoiid .Ixtanuion liiun- 
(líbu.) in 8 ' I.onirth ntor 

(In.) (In.) 

Ü 
1,000 
8,000 
3,000 
4,000 
0,000 
C,000 
7,000 
tí,000 
tí,500 
9,000 

10,000 
11,000 
12,000 
13,000 
13,800 
14,000 
14,200 
14,300 

0 
.00014 
.00020 
.00040 
.00000 
.00080 
.00100 
.00130 
.00164 
.00180 
.00300 
.00220 
.00344 
.00274 
.00300 
.00330 
.00360 
.0040 
.010 

.043 li.OOO 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
22,750 
22,600 
22,000 
21,600 
21.000 
30.000 
19,000 
18,000 
17.000 
16.000 

.542 

.020 

.030 

.040 

.000 

.060 

.070 

.100 

.135 

.220 

.300 

.370 

.390 

.406 

.446 

.474 

.500 

.620 

.640 

.041 

.639 

.638 

.637 

.636 

.633 

.630 

.626 

.612 

.491 

.463 

.456 

.444 

.420 

.348 

.377 

.367 

.336 

! 
ír 

4 

n 

Yiold Joint, 

Mnxlaun Load, 

load at Uuptura, 

Klonfration, 

Coot motion of *mi», 

/ruotura* aiftxy; star fractura. 

Brlnnall muabor, 207 

14,300 »M. 

22,760 Oba. 

16,000 Lbdtti 

8?.0,É 

61.75Í 



wjsciKiat K-ita 

iJato -oatod, Jo<3. 89, 1988; Jioom '.'onpc rnturo, 85° C. 

Jat« liant «reatad, Aug. 89, 1988. 

i.oad ion Dlaia- 
(^ba.i in 811 «ongth et er 

(In.) (In.) 

~A>nd iSxteniiion ./.un- 
li.bn.) in 8^ length oter 

Un.) (In.) 

0 
1,000 
8,000 
4,000 
Õ.00O 
6,000 
7,000 
8,000 
8,000 

10,000 
11,000 
18,000 
13,000 
14,000 
14.400 
14,700 
15,000 
16,000 

0 
0 
0 

.00040 

.00060 

.coono 

.00100 

.00136 

.00188 

.00188 

.00270 

.00800 

.00280 

.00340 

.00400 

.010 

.016 

.020 

. 5432 

.048 

.041 

.6396 

17,000 
18,000 
19.000 
80,000 
21,000 
88,000 
82,500 
83,000 
83,160 
23,000 
22,000 
21,000 
80,000 
19,000 
18,000 
17,000 
16,200 

.030 

.040 

.060 

.076 

.090 

.110 

.140 

.800 
• 830 
.260 
.365 
.400 
.440 
.460 
.490 
.615 
.600 

.5386 

.537 

.035 

.634 

.532 

.687 
• 084 
.616 
• 508 
.500 
.404 
.430 
.416 
.694 
.374 
.356 
.337 

Yield Point, 14,400 «.bn. 

¿¿axUran Load, 

Load at ¿tuptura, 

.ilonautlon, 

Contraction of area, 

/rnotura • allky; atar 

23,150 Urn. 

16,200 «bn. 

86.6,¿ 

61.0,1 

fruotu re. 

3ri une 11 (limber, 807 

1V.J- ... . «,#...,*1 



T A 3 L K I1-0-4 

Jute J»Ü. H9. Ii2îi; Àtoutt VNwp»ratur« aô° U. 

l>ute Hariî '-’ratttod, Auff. 2», 1982. 

Juo&d 
(^bu.) 

0 
1,000 
2,000 
3,000 
4,000 
5,000 

I 5,000 
7,000 
8,000 
9,000 

10,000 
11,000 
18,000 
13,000 
13.400 
13,800 
14.000 
14,200 
14.400 

Ixtonalon 51 an- 
la 2” Lonfrth ator 

(In.) (In.) 

0 
0 
0 

.00080 

.00040 

.00064 

.00080 

.00110 

.00144 

.IX)180 

.00200 

.00200 

.00260 

.00294 

.0032 

.0036 

.0040 

.0044 

.010 

.543 

.642 

.641 

Loftd :5xt«nBlon Dlnn- 
(íAmi.) in B*» 

(In.) 'In.) 

15,000 .080 .540 
16,000 .028 .539 
17,000 .036 .538 
18,000 .046 .536 
19,000 .060 .636 
30,000 .070 .533 
21,000 .090 .630 
22,000 .130 .626 
88,600 .166 .680 
22,000 . 810 . 618 
22.600 .300 .490 
22,000 .346 .47T 
21.600 .380 .469 
21,000 .400 . 446 
20,000 .440 .421 
19,000 .470 .390 
18,000 .600 .379 
17,000 .626 .369 
16,100 .636 .336 

Ylald -3olat, 

üaxlnua Load, 

Load at Bupturo, 

Kloofratloa, 

Contrast!on of Area, 

/mo tura - alliqr; atar 

14,200 Lba. 

22,800 Lba. 

16,100 Lba. 

26.76^ 

61.«ji 

fruo tura. 

Brlanai1 Hunbur, 207 

4.';. T *,3 ' V 
■ • • V V , 

S 
9, 



r a b K n-e-6 

ariïcui;» K-ite 

Taatad, Jao. 29, 1922; itoon ?«vipcratiira 26° 0. 

Data Haut ?renta6, Aug. 29, 1922. 

¿»oad .ixt i*i hJ on Dlum- 
i-bu.) ln 2 * .jungth otar 

(in.) (In.) 

Load iäctonulon 
ki.ba.) in 2” Dongth otar 

Un.) (ln.) 

o 
1,000 
2,000 
.),000 
4,000 
0,000 
0,000 
7,oaj 
Ü.000 
9,000 

10,000 
11,000 
12,000 
12,000 
12,000 
14,000 
14,200 
14,400 

0 
0 
0 

.00010 

.ooo;*; 

.üOObO 

.00070 

.00100 

.00120 

.00166 

.00100 
•00210 
.00240 
.00266 
.00320 
.00360 
.00400 
.010 

.043 16,000 
lti.000 
17,000 
13,000 
19, ^00 
20. UX) 
21,000 
22,000 
22,900 
22,600 
22,000 
21.500 
21,000 
20,000 
19,000 
16,000 

.6426 17,000 

.641 16,200 

.020 

.0,)0 

.037 

.044 

.066 

.07C» 
• 090 
• 130 
.200 
.320 
• 660 
.390 
.410 
.460 
.400 
.600 
.620 
.630 

.640 

.633 

.1)37 

.636 

.633 

.630 

.826 

.614 

.486 
•472 
.463 
.439 
.416 
.396 
.374 
.366 
.336 

Yield roiat, 

Maxi mm ^oad. 

Load at Ruptura, 

ilonjçatl on, 

Contraotion of aroo, 

/rao tura - ul Iky ; otar 

arlnnell Uuubar, 207 

14.200 Lbs. 

22,900 Lbs. 

16.200 Lbs. 

26.5,1 

61.6}i 

fractura. 



g A B ¿ ü IX-f-1 

ï-ai 

I>*t« T*»atoci, Joo. HS, isaa; Itoon Jorjporuture S6° G. 

üat« Haut -rofttort, Aug. SS, ISliii. 

juoad ^xtuntil on 
(Lbs.) in 2' ^ongth otor 

(In.) (In.) 

wond :âctar>nlon ¡)im- 
(Lbu.) in 2 ' nonfrth otor 

(In.) (In.) 

1,000 0 
2,000 0 
.S, 000 .00020 
4,000 .00040 
6,000 .00010 
6,000 .00100 
7,000 .ooiao 
8,000 ,00160 

i 9,000 .00190 
10,000 .00280 
11,000 .00860 
11,000 .0100 
12,000 .0200 
1.5.000 . 0300 
14,000 .0400 

.643 16,000 
16.000 
17,000 
18,000 
19,000 
20,000 
20 .'■’OO 
20,«JÜ0 
20,000 
19,000 
19,000 

.0420 10,000 

.641 18,000 

.640 17,000 

.639 17,200 

.6370 

.0600 

.0660 

.080 

.100 

.130 
• 200 
..10 
• 390 
.426 
.460 
.490 
.616 
• o40 
.546 
.556 

.6360 

.534 

.632 

.629 

.526 

.516 

.4.IU 

.47« 

.467 

.449 

.431 

.419 

.407 

.396 

.,5((7 

Yield Point, 

Maxi ■an ¿.and. 

Load at Ituptur«, 

iUongatioa, 

Contritotlon of Area, 

11,000 :.ba. 

20.000 Lbe. 

17,200 Lbo. 

27.70JÍ 

49.1^ 

frooturo (' • Slllqr, aurroondin* doll «ilky oontor, Inulpiont 
oup. 

Brlnnoll ituabor, 170 



l>ut« 

* .t d ^ J n>f-8 

*ouWJ, ¿¿oo. a9, liiiia; iioan 'jonperaturo, üö° U. 

bato H out Troutod, Aufr. 29, 1928. 

¿¿oud ixtojniion blnta- 
(¿¿bB.) ia ß1' ¿.onifth otor 

(In.) fin.) 

.¿oiid Ixt o no ion bioa- 
(.¿bu.) in 2’’ ..oiifTtji otor 

(In.) fin.) 

0 
1.Ü00 
2,000 
b.OUO 
4.000 
6,000 
C.COO 
7,000 
Ü,GüO 
9,000 

10.000 
11.000 
11,000 
12,000 
10,000 
14,000 

0 
0 
0 

.000230 

.00040 

.00070 

.00100 

.00130 

.00160 

.00110 

.00220 

.00260 

.010 

.0230 

.O.JO 

.040 

.643 16,000 
1C, 000 
17,000 
Iti.OüO 
19.000 
230,000 
230,600 
230,200 
80,000 
19,500 
19,000 

.6425 16,500 

.641 16,000 
•640 17,600 
.5306 17,200 
.5375 

• 060 
.066 
.060 
.100 
.1.X) 
.800 
.310 
.390 
.426 
.460 
.490 
.616 
.640 
.644> 
.666 

. 6 66 

.().64 

.632 

.689 

.626 

.616 

.498 

.478 

.467 

.449 

.43t 

.419 

.407 

.396 

.367 

ïlold jJoiirt, 11,000 

2ntlmwn ¿¿oaci, 230,600 Lba. 

Load at Kuptmra, 17,200 

Slonffatloa, 27.8®^ 

C ont rao ti on of Araa, 49.1>í 

/rae lu roa - illSgr »arroundiaf dull allky oantor; inoloioiit 
oiqp. 

drlnnoll ilunbor, 176 



M * A tt L K n-f-3 

». s^iii.Ai ï-na 

L»»t» Tai t ad, Jac. .K), IsíñÜ; itooia T«tn para turo, ¡ÎB° <J. 

^ate Knut Trautad. Aur. 29. 192Ü. 

-oad îxtoiirtioü Jiaa- 
(-toa. ) in H ’’ ^onpth otor 

(in.) (In.) 

:.otid Ion :)■ nr\- 
i«bn«) in ’ Aonpth otor 

(In.) (In.) 

1,000 
;; ,000 
.i,000 
d.COO 
to, 000 
C.000 
7,000 
8,000 
9,000 

10,000 
10,200 
10,ß00 
11,000 
11,000 
12,000 

0 .todtoß ia.000 
.ooooa 1*1,000 
.00020 Ito.iXXJ 
• O'XHÜ IC.IXXl 
.00070 17,000 
.00100 lti,000 
• 0t>lJí4 19,000 
.00160 80,000 
.ÍJ0190 ao.300 
• ‘102ÍX) ; JO, 300 
.(XJ2Ô0 00,000 
.00860 19,600 
.00270 19,000 
.OOaCK) .6432 10,600 
.010 .643 la.OÍXJ 
.030 .641 17,000 

.030 

.0*i0 

.060 

.060 

.080 

.100 

.180 

.225 

.320 

.366 

.420 

.470 

.496 

.620 

.640 

.660 

. :>40 

.6386 

.637 

.636 

.633 

.630 

.626 

.61 6 

.500 
•495 
.473 
.462 
.437 
.422 
.409 
.380 

Yiald isolat, 11,000 i.toa. 

•laxitaum -oad, 20,300 -bs. 

¿oi.d at duptura, 17,000 Lb». 

ülonimtloa, 27.0)1 

Contraotlon of Araa. 61.1)1 

/raotura - 311by aurroundi up dull allky oantar; inol plant cmp. 

Brian«!! auMbar, 175 



T g yi~f«4 

jisciiüg y-ai 

ijat® l'oatad. J«o. 30. 19îîH; üoim ^«mjjawitur«. aa° 0. 

Dato Hout "roiitod, Autr. a9, 19iiU. 

¿.oad ¡xtouuloa Di.tfa- 
(-ba.) in 2 ’ Lonp-th otor 

Un.) (In.) 

Doctd Ixtoiitiion .4ijn> 
(-bu.) In U’ -oiifth otor 

(j.n. ) (In.) 

O 
1,000 
2.000 
./, 000 
«1,000 
ti.OÜÜ 
Ô.O^X) 
7,(X)0 
0,000 
9,000 

10.000 
10,600 
u.ooo 
12,000 
1.5.000 
14,000 

0 
.00010 
.ooo;» 
.0004« 
.00070 
.000.K) 
.00120 
.00150 
.00180 
.00270 
•00240 
.00320 
.015 
.020 
.030 
.040 

•543 15,000 
lô.OOO 
17,000 
15,000 
19,« AJO 
19,500 
20,000 
20,300 
20.000 
19,500 
19,000 

.6425 13,500 

.541 18,000 

.640 17,000 

.539 16,600 

.537 

.050 

.050 

.050 

.110 

.146 

.250 

.250 

.300 
•MO 
.450 
.600 
.616 
.556 
.560 
.565 

.6556 
• 634 
.632 
. 629 
.625 
.6feB 
• 600 
.600 
.481 
.456 
.437 
.425 
.413 
.389 
.360 

Ylald Point, 10,500 5ba. 

Uaxlra -and. 20,300 5b«. 

5o*d at Itupturo, 1C,300 Lba. 

31 oagatloa, 88.83ji 

Oontraotloa of Ar«a, 50.9j¿ 

JrTaotur«, aillQf uurroundi <i|t dull ail by mai tor; Inoinlont 
o up. 

3riAnall aunbor, 171 

i 

!1 



JA 3 i. E H-í-6 

apsom Mi 

**»dt ^uu« .VO, liiüü; iioou rauporatur«, 125° Ü* 

'Jraatau, ^ug. ‘¿'J, i-JÜH. 

.^xid ^xttm. ion Lliiu- 
Í ^bi:. j in £’* lonpth ator 

(In.) Cn.) 

Aoud :îxti(innion lAnn- 
(.l<ba. ) in li'' lunfrth at or 

(In.) (In.) 

0 
1,000 
£.000 
¿,ooo 
4,000 
Í..00U 
6,000 
7,000 
e.ooo 
9,000 

10,000 
11,000 
11,600 
IS,000 
1¿,000 
14,000 

0 
.00010 
.ooo:í4 
.00040 
.00076 
.00100 
.00140 
.00160 
.001:00 
.00200 
.00260 
.OOJO 
.0033 
.025 
.036 
.046 

.643 16,000 
IC,000 
17,000 
10,000 
19,000 
19,600 
20,000 
20.200 
20,000 
19.600 
19,000 
10.600 

.6425 lu,000 

.540 17,600 

.638 17,000 

.637 16,400 

.Obö 

.070 

.086 

.110 

.150 

.170 

.230 

.320 

.400 

.460 

.490 

.520 

.645 

.660 

.670 

.676 

.636 

.634 

. 632 

.629 

.624 

.620 

.612 

.499 

.460 

.466 

.440 

.424 

.410 

.399 

.389 

.374 

Yield ¿oint, 

Uaxiatai wOKd, 

wOttd at iluptiira, 

31on«utloa, 

Contraotlon of area. 

11,600 LLu. 

20,200 wb*. 

16,400 ~ba. 

28.0;i 

62.6^ 

irmotm - 21 iky *ltti duller core; incipient uup. 

drinnoll lluuber « 178. 
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