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sHS DIS[Br3UÍtoN 0¡' STA8S5 IH n¡yE[ßÐ ,t0I¡IfS.

Deflnitlon of, $ocpe of !tt1s.
fhe tItlo of tho papor l, Eor¡reshai geueral

ln that lt covêrã a very large flelä of re;earoh antl

preatloal oonsl deratlonr.
gÊr€! ho!rever, la meani spocifically tbe rtannÊr 1n

rblch atresges parallel to tlre illr60t1on of the

Âppllôation of ioad dlsirlbute themselves througbout

th6 oovor plates of, doublo butt-plate rlvetod JolntÊ,

as shonn by stral n measurêmonts rirailg bEtçesn thê rlvêtt
of tho JoXnts. ¡ Jotnt of thlr pêrttculàr typo ls

Bhoçn on plate. 1.

SlbltograPhy.

Frobatly the most loglcal way to iûtrodüce

suoh a papsr aF thtÈ lB to ûâks å rath€r brlef summary

of rvhat has todn dono to åate. It may be oteervod. that'

the subJ€ci ia harôly rel1 known .to professlonal

englnaers, as lnðioatoô by the f,aot lhat technloal

artlolaã on lt aro not frequentty ûet riüh. It goos

çtthout saylng among lrvèstigâtors that bef,or¿ contnenclng

upon â partlcular subJett of lnqulry' one. should. m¿k a

l¡lnsel,f thoroughly f,antl.lar ttôh Ê1:. avallable literatu¡e

eonnoctcil sitb flhêt hs propoã€s to ôo. îbe v¡1te¡ has

gone through oonglô€Íablo reoord,s of ü)rose who havo

oontrtbutoit to tho gonsrè1 subJeoö o11 stresEEs ln rlvoieð



2.

Jolnts, anð hâB glvan oloser ått6ntlon to thoga paporr

deallng wtth rtvst€d. b.¡tt pIa!e Jolnto, as wllL be

seetr l¿tgr. But tt sonl<L be out of place ùo raprod.uoa

these record.s hero, ena the purpoÊe tr aquatly sorveô

lf nentlon ls maôa òf thôrÀ, so that the r€âôår may forro

hlF orn oplnloûs as to ùhs oxtent of the rork. It ls
aLso lpteuôed. to lnalioata rhEre nors itstalled lnf,ormotlon

m8y bs haû along varloug psthg of tnvestlg¿!lon.

Mentlon shoul¿l be ¡üatle at ttlls potlt that
several articles of Íuroposn roE6a¡oh havE bean

translate ¿t anû appebctod, To thts papsrr f,or tço r6ason8,

flret, they ale of traportanGg, rocond, thê ortglnal¡
bàtng ln Sw€illsh an¿l 0€rmsnr f,er readers, vhoøe naÈlre

speeoh is. SngllÉhr coulÉ1 tranelate these arùtolEs ùo

* thslr oitn ââttsfaotlon.

foi.loettrg, tlren, ls a brlef rEEumê of so¡no

Iny€6ttgatloas rhlch ¿r6 ßors or lêBs conneeùoô rtth thtE

par t t orrlðr irork¡

Ono of the earllesü ¡eporte of rivot Btr€BÉ

analyelo ln plates l¡ that of FrofetEor R. Sautaârt¡r sho

lnrosàlgat6d tho lnJury of ateel boller plate at the

InËtltutâ f,or 0€Étlsg À{aterlalE ln 191e, at Étuttgarü,
1

O er nany.

1. Zeltschrlft ôes verelnes êêutschêr ltrgenieuro¡ Vo1.1912.
p.1890 ff.
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fho strosssË ln plêtôÉ dlue to hoü r{vots orpaniltng the
meial erounil the holec voÎe observeal. Bhe reglonø

arounô lhe boles tor€ eonprêsseê !y ptFtons to

eppro:rlmate ths èrl.vlng BtresseE alone, anil ühe latter
tneagur6il by rneane of, snall holeE 4rlllEil ints the rlvot
bol€É. 0hese boleg rere plugged çttb leaû, and the

changâ ln Elzo observsil atih sulteble mlcromoters. lt
ças f ounil that stoel rivots aooled råp!êly oa the eilge

of tbelr heaôE as they rere d,rlvên, â!ê thât sn

.lncreastng anounü of, drlvlag f,o¡ce ças passett ùo the
plat€ bens€ttr the heaê as ooollnÊ anil drlvl.ng progrossêal,

resultlng ln ìnJury to the plates.

Shortly after, Profegso¡ E.G. Coke¡ 2

lavesùigatoê tha stress dlstrlbutton of, a Blaùð Ioaèeil

!y a rlvoù, hlE resultg comlng out fn l!lJ. Eere the

theory of lnterfe¡snce of, tlgbt ras applièô to epeclmens

natlp of cellulolil, nbereln po.lariu 6il ltghù lae'turneil
on tho speclrnon alroaèy BubJaatêd to loail, The Et¡aln
l¡ the materlal causEil varylng lntensltles of, thls
llght to ba alloted through lt, âû¡l on to a pho to-
grêphlc plate, Bbe.phoÈogrâph thus lnûloâteit holr strsss
was dlstrlbuted tbroughout thê speclrnon. ¡,8 far aE ls
knovn here, tbts sag tho flrst attompt to use Ltght tn
reachlng th€ solutldr¡ of such a probXem. Slnse, tt bag

2. Englnesrlng, March 1!I1. rr !he Dtstrlbutlon of ßtresE
ln ê Plste d.ue to a Rlvetfl.
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been ugetl to aaalyzo the EtreEeos tn nemlerE of, f,ramôs

of dtrtglble alr cr af t.
About the Eane tlms, Iþctor !. Rr¡hl çaE

pr€parlng to test a sleal plÊt€ loaitoti by tvo bolts aÈ

tba enðs, anil ùo reaErr6 the stralns resultlng f,ron

tble :.oaô çlth e¡ lnst¡uneat of hls oñn ta"êtrtionl
'bas,eê otr the prtnolplo of tl¡e Martons Exteneoneùer,

lut trenty*flve tlmsE nole accurate. Ee êtvttTeil hls
plate lnto a net of oo-orillnêtês, antl rûaôe hle nsaEure-

m€ntã both gldenlea an al l€ngthrlB€ on the plate. lhe

üoâÊuron¡entB çórð converteô lnto strêsges by msans of,

Eulteblê tb€ory; lþotor 8ulr1 also naile a t6st on a

leadt plate lilentio¿1 ln tllmenslons rltb. the steel platê!

9o eÊ to learn l[ sd.?a.ncê s'nore thE greateot EtrâlEE

ln tho lattsr çoulê occur. At thlã polnt the tork
ceaseû (Ootobor 61 19f¡+) ¡rlth tlrê outbr€ak of, nar.

lfh ey nera raeuraeô later by hlür anô mqtle publ.lc tn 1t20.

lbe artlols çaE t¡ansXatoô f ro!û ths çsrr0e¡, and. lc
êppenôod. to thl s papsrr

'r,

Iå 191, Prof,€Eso! Baequln/ cartlEtl out son6

€rportn6nts on fhó lncrease ln ùb€ langth of etructural .

nembErs ôue to rlvot!trgr Íhlsr be Ehoçeô oauseil tnltlal

7, ,lournal of lfestern Soolêty of EngtneerE, rtune 191r.
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strsgpeÉ of,,gone eonsâquenoo ln the máubors un al€, o6rtstn
conillttons. Frof€ssor Bauros¡¡, provlously nenttonqô¡

â1Eo lnrêEtlgaùed ln t,hlB illroctlon.
Ilooùor Õyrtl, Batbo4, ,oUrr, U¡lvorsltyl

oontrlluteû to thð goneral problera of, rlvoted Jolnte ln
t916. EE aas lnterestsd iu the amount of loeô taken by

each rlvoù of an slEmentèry rtrlp of a contlnuoüE tutt-
plate Jolnt, anô ùhe tntenslüy of st¡ess ln the cover

platês. Ee ùeeted butt Jolnts havlag a single llnß of
rtvetg placetl parallol rtth the dlrecül.on of 1oad,

uølng MartonE sxtonÉoñsterË to mêâEur€ the stratn oû the

rurf'aoe of tbe cover plateg betneen. th6 rleoù€. trn bls
nstbematlosl treatmenù of the problsü, he oonslderert ùbe

!otnts aE Btåtioally lutteierralnate. gt¡uotur€6, anô Eo

ileelgneil hls testÊ that ühey gave blm certaln ¡unerlcal

valuo¡ chlch f,l1.1eê the openinge ln hls theory, anil

elloçsô oolütton of a slmplo Jottrù in thts nannEr.

Parêl],€¡, to. the rork Just noltloneil ebovo ls
tbet of ProfeEeo¡ 4.3, Maodo¡g1¿5' rho ooniluoteil çork

L¡ l92E simltar to ùhêt of Dooto¡ Batho, .{, but! ptate

Jolnt tith a staggerod ârrangêrûent of rlvgt¡ ças ugeû

3or teetlng. flre aover plêt€s r€re itlanondl ebepeô. and

tho nuEbor of rlçots ôecreasg¡l aË tho dllstânoe f,ron the

rtour!. Frênklln Inst. Nov.,19I6.sFbe Psrtltton of !oåil
ln n,lvêtêô rlolntgl.

lbeslE, Mc($t1l IIntv.,1922. [bo DlEtrlbutton of, StrEgs
ln I Alvêted. Itlate rtolnt of Vartable S6ctloûrt.

l+,

5.



'6.

€ilg6 of tho ,laln plûtor Lncroâsedo Iü EboüItl bc

polntsô out tilat thts Jotnt v¡ag not eu elomott gf a

oonttnuoue Jot¡t, and. to ltr ãolrrtlon ooul,l nÛü bo

apptleit to the oonslilerattou of the Jolnt of s tankt

for ln otano e.
6

P¡of se so ¡ l{alllaril also tll gcusE ail a

plate Jolnt of, flve ¡Ivetg 1¡.an ertlole publlrlreð

tn 1923, but tbe iletalls of Ùhe srüfcl€ are not knoln

t.o the çrtùer. '!hon l¡r ùÌIt Eamo yoar ån gns¡mou5

arno utrù of ¡ork of an oxparlüoltal nEtu¡e ttås complet€al

E't 3êr11n by Doato! llheopbyl flyse7 tn thloh h¡

coropletely lnvEsülgatstl a trugE Etruoture tlth regard

üo tlre ttlBùrlbutton of streEs, both ln the gusE€t

pleÈes anil 3n the ¡¡erûbsrg thomsel"e8. lle dlvtdlet hls

gueseü pXates tlrio a nôitork of squâtes, endl ùook

gùraln rr¡Eagur€üetrts tn ùlto iltreotlo¡a on €aoh squarê,

uslng extensoü6t€rs fo¡ tbe purpos6. Ehe prlmary anô

roconilary 5tïessEs of tba nemberg tsf€ neasur€d anal

tlren obeckeit agatnet ühÐ thooretlaal vâlÉôs. Menùlo¡

of thlE çorts !s Eufflolont h€rer åE â srûe1l suÛmary

of the paper prooentott by Ðocüor Hyer has bean

tr¿nslated and aBpêni!6ô to ùhlE tr,8p6r.

6. 6cbvelzerlscheD 3Euøê1 turrgr/ JuLg 28,- L)ZJ"
7. "¡ettrag zì¡r Spantlung eun i er e uohlr¡E arr Ktrotênblêch€n

el sern Sacbre¡&ell - 281.
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Ío11ovln6 lo o êescrlptton ln sorae d.etatl

of the €xpårlr¡¡6atol worlr oond.uoùed at ths Unlrêrãlty
.of 

. 
Man I üoba.

lho lnveEtigatlon of riveted Joluts wae

flrst commg¡cor1 st the Unlver¡tÈy of Manltobs ln
1926 hV genlor untlergrailuato students norking unilg¡

faoulty illreotlon. IEo groups of mân vore glvon

àh€ sÊno obJeat to çork upoa, nanely, tbe cheraotar-

lstlog of slmpl,e rlvsted. butt-ptato Jotnto rlth
r€gartl to sllp botnêên tho plates under loaiÌ" Both

grorlpE made lntlepend,ent teste to tle te¡mlne Fllp o!
(f) a lutt-plaia Jolnt, havlng ono thrêe-quarter

lnch rtlametçr rlvet on êach stile of the spllcê, ând.

lZ) on a slùlJ,âr Jolnù havlng two suoh rlvete on one

El&e of tho spLlcer andÌ three on th€ other slile,

all flvo rlgêts betng ln llne¡ À Marðenr $ltonEo-

netgr ñas useû on Eaolr otlge of the Jotuts to obEgrve

the relatlvÊ ûotton batÌ?eên the naln anil oov€r plateo

of, .the Jolnùs. À_ graôuslly lnoreaslng Loafl sas

êppllåal, anô teeôlags rrolo tâketr aü regular luterva1E

of loadtng. fhe results of teÊts of the two Jolnts

shorsô thgt the sltp amorrnteô ùo 0.00J lnches averâgo,

oonnenctÁg at a loaô of 8000 to 9000 pound.s p6r rlvèt.
[ho lnvoEtlgators felE that thâsa r!vets, while

sìrbJ6ct to al loçable ìtorklng strêÉBEEr carrted thelr

loeôc by fr lctlon alono.
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Other tests by th6 sÞ_mê men Bêrê iltrecteô

toria-rd. deternlnlng the B.nount of fenslou 1t1 ths rlv6t
Èh €,-tllc s ze clulre<1 for a glven value of f f,åctlo¡ì betçeen

the llates of the jolnts. Here lt was founå thai
e stress of about 20TOOO Founds por rìquare lnoh of

the c¡'oss sect,lottal. area of the rlvet mu.st haye

oxisted to c¡oe.ie suf,flrlèylt f¡lction lio sust,aln

loetls of 6000 to !000 porr.nd.s. fhls ãtrêss Ìr¿16

sald to be du.e to the rirlvlng atrd coollng of, the

rtvet. lhê coeff,lciont of' frlctlos of planed

steel surfaces l¡i coi:táet ç¡¿e d.stermlnod. ae 0,X9L.

In orôEr to flnd tl¡e àenelon ln the rlvetø,

!olte sore ßubsiiltutê6 for thcrn ln iho jofnt,

shlch ças then sub jeeierl t,o the sarne slip tast as

¡vtth the rlveTs ln place. Eovaral gchê:nes sore

usod., to ftnd the tenslon ln the }olt correspondl.ng'

to a knofin torque on th6 nut. !t was assumeil that

a bolt av¡d. a rlvot of the eame d.iameters, nlaced

and. tested. ono aftsr the other ln the same Jolnt
ttouló perralt sllp at tho sô.rne load.s nhêD thet6 saÉ

oqual tension ln thelr shanks.

t'urùhâr tests çere mad.e by other âtud9nts

t¡r 1927, two giroups $orklng â,10n€ ê!f,ferelt 1lnes.

Qne 6¡0up ôea1t ç-it'h le.p plat e Jotnts ln sone detal1,

ps clescrlbocl l:ere!.n. À lep Jotnt havlng one three-

guai:ter lnch êiattrçtÈr r11'ßt rrers fabric¿têf. anô tested

for sllp char¿cterlslice ns fcllows¡
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fbo Jolnt ïeE obsê¡vsd, by nreanr of tvo

ùlât'ðotrð sxqenËonetðrs (one on each eiLge of the

plateß) whlls an lucrsrrslng loait rag applleû to the

Jolat. Thls tegt sas nad.o çl ih tso eeparate rlveüg

ln àho Esme holo, one after ths o tbsr¡ fhen a bolt
çtth s nachinod. *lesvs Has maôo ôo replaco th€ rlv6t,
fho tenslon l¡r the bolt çbon turneil up tleht eas

f ou¡d by measurlng the oonpresslon ,.n the Eleeve wlth

esteneometer¡. fhe JolnÈ thus bolt¿ô ras egal.n

teFtsd! f,or sllp s nr¡¡ûb or of, tl¡oos. rlt'h vÊrylng bolt

tenstona. fhe res¿lts re€têl ln th€ tno t6Ets on the

one thrao-quarter lucir rlvot, s}àp commenceil et about

J000 i,ounals 1oail, anð. contlnued Itltb lnoioasedl loaðlng.

fhe tssis stoppeê at about 1l+O0O pound,s 1oaô, l[h e

sllp rss r€cortleal sE 0.0066 and 0'007, lnoheo, Flùh

poEelbly furth6r sllp remalnlag ln the Jolnt. îhon

the boli replaceð tbe rlvet, and a tEnston tðst of

ühê Jolnt vag maile çltb zero tenslon la the bo1t. Se¡t

a teet f,or sltp ças naôe vlth 20r000 pounôs tenslon l,n.

thE boIt. 311p sàertaû at approxlmaÈely 5000 pounilg

loa(I, oontln1r6d, ât a unlf,orn rât€ êE thE 1oaô lncleaseil

to É000 poundlr, nhen raplô *1lp prevonfed further

lnc¡€âEo of Loaô. À tost Fes attsEpted çttb hlgbêr

tenglon ln the bolir b,åt the lattel f,atlsd as tt nas

b€tng tlgh t €nâô.



lo.

flrE seeond group of tagtE of 1!2J ras made

on butt-plale Jo'lnts çlåh on€ rlvot only. Tests

¡lmtt.ar to thoso Juet dlesorlboô ware mailo by load.tng

thå Jointø anil obåðrvlilg sllp çàth tso Mârtenð

Exfonsom6te¡s. ln the firÈt ãêrlos, ono seven-elghth

luch iliametor vlvot halû the plst6r, antl EItp occurreil

at lJ!00, l,6000¡ aaê ?JO00 BounêÊf ¡rlth e. valus of

0.001 incheE âv6!å96. fha test plsoê f,ålleil 1n tonglou

ln ono tçst. lfext, a Jolnt havlng on6 one-lnc?¡ d.lameter

rlvot {tas rrßÐd¡ nhloh shuwed sllp etarttng ât 11000

poundig, a¿i! rhlch tåÉ noÈ conploÈoù at 26500 pout¡dtg.

Â6 beforê, o"ooJ laches rras tbe ânoîrnt of Eltp, Ân

åttorllpt çag matie !o analyzo tbe Eiress tl,isürlbu.tlons

on tho f,aoe of tb€ covsr plaùos of the Jolnùe, !uü the

roEults of, th6 testg çe¡e not ûlåeusgeit by tho authors¡ 
_

.îbe nrlter wag ê ¡neabsi of 'one of tÌro rgro ü:Ð s

of gtuðeíts who carrled out gome of the teste (lescrlbed

slovo at the Unlverslty of Manitoba ln 1926. llore

extenslvo oxperlmental eork rvag und.ertakoà tn :-J}l at

ihe Earre tnstltutton, entl on ihe eame general 
.problem

of rlveteè Jolnts. It wag tbe lnùentlon to aitempt to

verlfy the concLuslons reacbeè by Dootor Satho at Moö111

Unlverolty tn 1916. Fhat follovs ln thlE paper 1r the

roport of this lator tork.
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0bJ 6ct E of ths flork.

. Fhe obJeoù of ühiE paper la tvo-fold!
flret, as mentlonçd above, to roport the tesiE

roaôe by tbê çritor, anô Êsconôr !o gatbor uad€r one

oover csnstilerablo lnforüatlon pertlnont to tbe

sìrbJ€ot undor coneid.er¿rtion. In tha f,lrst part,

throe rtvoted þutt-strap JolntÉ r€ro subJoeteô to

tests Intonfleô to reveal the il!strttuülon of 6tresg

ln ål¡e covor pl,aües of the JolnÉs, thê proportlon of

the toÈal loati taklng by eaclr rlvêt fo¡ varylng loaôs,

andr ln tço lnstancoe, the nâglltl¡ôê of sltp aé 1611

as the Ioaû on the Jolnf oauslng ean€. ll SltÞtt *t O"

û6fin6d. aÉ the relativo Eotlon rhlch takes plaee

betïeon tbe nembs¡s of s structurêl Jolnt shên bolts

o!'rlv€tê çhlch are smeller ùhan thelr rospeotlvo

l¡oleg ln the Jolnt -are forosd Èy exierual Load to

boar on the bolo saIlg.

Thê utlllty of, çork suob ae thls ooultl

harô,ly bo questlonoô, brr.t ltE Juettftastlon ls not

unroesonablð st thts polnt of rrltlug. Io many¡ a

rivoted Jolnt ls sl¡ìtpl¡' a Etruaùure thêt accompllsheå

the rtgld. connêctlon of two pleoes of materlal, tbe

otrength ôepenôlng upon fhe autbor anê Elu € of rlT€tg

ureil, the phyrlaal properiles of the naterlal such

as 6laetlcIty, €ta,r snô thâ d.lmonslons of the varlous

neubera. As lt ts g€nerâflJ¡ adml ttÉ¡l that tbe crltlcal
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pârts of a Etructurên lneofar es ths strèngth lÉ
cono€rn€a[, aro thE Jotntø¡ and, ag thBse are bol, ted

or.rlvatad,, uoually rlvet?y', tben lt ls appa¡ent tbaù

these Jolntg aro of no small lnporùance, ê!ô fiorthy

of c1o sa inì¡65tigatl otr.

.il
;¡::
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EHt0rïl
. i"Ê prevlou6ly Êt€'-tedr !octor tatho d6å1t

qith the problen f,rofi on€ vl.espolnt,r ln rüblch he

consld.ered Joln'te to be statlcally lndeterntrlatê

ðtructur€s shlch could' le solved mathêmatlcrìllyt

lf tevoral asøumptlonø soro mad.Èr a¡:t1 certaln

vailues ln the tì1cory çe¡e d,otermlnod' from

Ênperlüent. Ule eol11.tlon stÞ¡:ês Elthout

troproveruent, so far ae the çrlter kûorn9' and' ç111

be ueoè ln tbLe Ì)åP€t'

ltet the Jotnt conalÔoreú bo as El:own ln

t,be flgure, tho cover plates are each one-half of

tho ùhtcknesç of the rrraln platos, s'nd' of tho same

¡;1eith. $he r!.r'eis *1rall 1¡ç plaaoê in ono llne'

&ICgg&!-åS! !.'Jt"q t{"q.

lx,i F-l, 
I

F -xftL i \:,r-N{'-\lx"t' r-zr t,
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L¡st êÊ r. êpf,ss€nt the cro se- sectf.o¡.!al area of the roaln p1ate,

ac reprôÊollt '¡he croes-secfio¡¿1. area of oâ.ch (^JovÊr plate,

L represent the pitch of the rlvåts,

n feprecônt the number or rlvåts on eech elêe of the
ju.nct{on of the rrrain platee ( ln each structu:'e).

i' ropresent the 1oa11 Ln ie,nslor¡ carrl€d by the jolnt,

X_rêpr6Êent tle load, ca,rriod by tho flr$t rivêt, X^
. I that cavrled by the Êecorô r1vet, otc., z

$hen bet$ean the fi¡Êt anð seao¡td rlvots the 10âð

cerrleê by tha rnaln plale 1ß S - f', enC. the 1oað carrleô

by ea,ch cor.er plato la fa i b6úr,'eên ths Ê6cond. ând thtrð
2-

rlvetc the 1oÂ¿ cerrletl by the roeln plete ts(Í-Í1-Xr),

anð b¡r each oover plate l.s (If -*Igl , a.rr cl between the
2

(n-r)th ai:rd fhE nth. "lvut, the loaô o¡ìr:ríêd, by the nraln
n-l rr-1 -plnTe tr (! * .,f,), and. by each cove? Þlate tF ( tÍ),

n-l L 2

$hsre -l a fr+ )lo+ --..,. Ír,_1.
1'¿'L-!.

Íh€ dlstrtbutlon of the loed for five tlvets

1e ehosri ttì t,hÈ e.bovë f 1g'ûnór fihlch. repreeento one

structurr. If the loaé cs.r:rle<1 by any portlon of

l;ho p1e.te ls F, thu sork ßtoråô ln thle portlon lÊ
q

!]¡ , rvhere rLfl oti. ll Xlr ¿x'6¡ as abover and. ! ts Tounp;t s

2ÂE
Hoúulue for $he rrlaterl¿.ì1 of the plate. ¡t rv111 be

asßuìD'ed ihat, E ls ths sa.no f or bo th co1'er and' ¡naln plates.



Ihen. lf 1T rêpreserlts tt"ro total lrork st0red.

ln tha Étruotu.f,e,

2¡r- 
="f [ {r*xr¡2¡ (¡,-x]-xp)1 (r-*,-*^-* 

u)n* ----+ {r- >x¡2]

-:x)
llh eo ry of l,eaot fíork,

à-E -oàxn-i
thus r¡e

f, lnd. l{, ,

[tn-r¡c+r.Jx.+[çn-J)0+ l<J xt [(.-ll ç +2Kf x.{ .. (c+x)xn_, :
(o-J)(c - r+x¡.

[c+x]xr+ lp*xJ xr+fc+xJ x¡ --- ds+2lÉ]*nr, = c - 1+K.

hav.e e set of (n*L) ltnear equatlons, shettce tïc cê&

XZ, X1 ---Xn-t; und fn : 1 - ãf'

o
+ k I f1 I xD-+ N,+ ---(¡¡-¿<.)

tn agf e er¡¡ent nlth the

the foveeE 11, X2, çtt" fêke valuee to make \i tÌ¡o
smallest raLue posslble,

Hencef èE : 0,êJ = O, è[ -- O, ----- -Ð : O.
à*r- èx¿ - à*l- à Ín-r

!ut,-àg ??-Ll (r - x1)+ (s - x1 - x2)+ --*-- r(r *:x)]

. -'r¿-rïår* *n, + (rr+ x"z+x3)+ ----+2x)
+au[¡(l - (r - tx)J
. Squate tl¡s above to ze¡or and multlply through by ac/L

'ftn-rl(r+a¿s¡+4k 
f¿] x, +[(n-2)(1+zes )+2k -ie) *rn --=

+[tr+ e.oe ) + ak 
#¿] 

rt"*l - [tn-r) e¿s+.zlss] r.

L,et 0 3 t*r*-å., anil K - 2k 
f . and. let l'31.

3å-= 
o, In-r¡c+ arl xr+ftn-?)c+r] Na+ ---+(0+x)xn-r= (n-r)(c"L+K)'

¡-
à$'= o, [t n-e)c*r] x, *[o-e¡ç+axJ $r+ [tn-:)c + *1 xr+'. (c+x)ltn-, :àre (n-z)(r - r+x).



16.,

[g$ .å!OyE !QU.ùII0N6 M,ê,Y 3E M0R5 CIEAÊIrÏ E:rPBIS$Í]D -

Í1

(n-l)c+âB (þ-e) c+ r (n-l) 0+r --- o+x : (¡-xxc-l)+x

("-.Ðg*t-r,-**.. ( o- EL Lt-?&-"*^lå:J)-s-fs *--==- *.Q + E - (n-2)ln-1!Êr

!::Ðs:t*g. **!::t L9I-L*þ--1L9J3I- -:*J 1 $ - (n-l)(c*lÞK

0+8 C+8 0+f cl-2K : (C-r¡+E

SO¡YE 904 EIVI) RIYAÍS, PUI n 
= 5.

\o+ex tc+ K ec+K c+r - \(g-r)+B (ê)

-!:L *". =- . 1!-o-1l1l-*:bl
20+N 2c+8. 2a+2ß. c+E - 2lc-1)+g (o)

0+r 0+[ 9åI-"*,*9.*5- i*- -, f 9: l":I-*jjì*-

x3x.2

(") - (¡). (c+K)xx - 8xa = 
(c - r¡

or ßxe = 
(o*r)xt -(a-1) (1)

(¡) - (c). cÍx+ (0+8)rl2 - rx' 
_= 

{c-1)

o" BXr = oxri (o+r)x, -(o-1) (2)

sursîIruoE rN (e) roí x^ 38OM (1)

rrr Ë cxl+ß:j$:::å _jl_lll -(c-r¡

wËaNcE 
"¡ = ? + (g:Ðfg:rfi¿--ts --t¿: -* G)

Mu![xPlY (s) by (c +es)

x1(2c2+ 5gr+¿xa) +xrlla?* 5cr+a¡? ) +x, l-ec?+ 6os+l+rz)

+ x4(02+ ,x+2r2) = 2c2+ FgK - 2Õ+ ã*t - 4* --'-' (e)

HgrJÍlrI.Y (d.) bv (o+ r)
N, ( ce+ ,r* * *t) + xrlc2+ aor *ra) + x.( c2* 'o** *')

+ xutc2+ 3or* arz¡ - c'*zcs.*r'"c-* " "'(f )
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( e )- ( r )

xrtc?+ lcx+rz) +x"(c2+3u¡ç+x2¡ *xrlcz*4gK +tY?)= ç'2 * 3axnxz

-c-lr. (e)

I$ (e), $U3gÍIrurn Ì'0R:{^ l¡ROM (1)

ÅND lon x, rBoM (2)

$D 0AT¡*

---Lå)---*--.irtot* Jcr *x¿¡' * [to *¡c)xr -(c-]')lI c2* 1ox*xzl

+'ftaI roxr+ (o +x) [tc*rlxr-to-rl] -x(c-r),1 [c2*r+cr nxel -"(t)

-,- c2 * rr***" -o-lr --(l+)

8O STMPIJ¡rI ¡$D EOrJvÍr MUI¡ffrplY (1) 3Ï *t, (') ¡Y ßr (\) 
" 

"'fIH ÍNO Þ

;;;;;;-r+ aoorixr+ 5*u*r* sclrx, -711**70" -rt+c\x'* r\or2-?orj

+1xi *rar, -04* ct 
= 

czxz*lr*3n *\ - ,*' -t*1 .

.A¡{D r- = iu * r.o*i ( o-r ) +15ß2( czjkllt tl.-o'l + t gu
¿ --""1ì-:æ

5ft"+ 2OCß'+ 2Lortr-+ 8C''K + 0'

rRoM(x), *, 
= *.[( 

c+ r)x, *(c-r¡ ]

sBoM(2), *t = * [cxr+(c+r)x, -(c'l)]

z
-C')

tnot{(å), x., = 
(c+ K-1) -(c+r)(x, +xn+ x3)

+ 
-:--

ÀND f5 = 
1-:x' 

0+2&

--A--*X****-1ä'' "'' -V--*'*--r[**-*--:x5
i;l-*-*ö; Ti-t** -n. oðõ-- 

" -'o; 
o 6É 

- - " - " b: ï 5ï-- - o ;E-õ'-**-*

- 2*-*."-.-.0.ÍE:**9,.19ã-*--9'95L----9'tq¿** 9¿**-*
3 o,rz8 9:ta _--L91\ --o.o9l-.-l'?65.---á-*--

Eå!'!E-L¿*- -g-1-l'
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r **-9*-** 9,-e**--g*!---9*É*.-.-Q'É---J*-Q'----Ua*-"*rJ
::-*.-g.a -.* -g.!5-*-- sJau--g. 4o5-- 9, 1gå, -- 9" r.6s. -- 9,.ã59. -*9J!:

[À¡lE2-aa¡Àrlo¡TOt'x1 toU $08 0=2 l0B5nM8S.

Éol¡uÍ¡oN FoÊ Foua nrvErs - sulsî'ITU'JI n - [ IN THÐ 0EN$B,aL $QUÂÎIONÊ.

Í1 Nz x5

3iJ€ß-* -***ACåB* -- -.-S-+J-+-- -I.rc:.Ðr*E- ( I )

3,s3*e-. - .-,- .- -. .?.a. !-g8--.. g-+J-*glgC L+-E-( e )

ô+tr c ttr otaK---to--])+r---(l)
(1) -2 C +E r.f, o-r (4) HH$NoE- 

x-=i, ( c+x)'e+'
? " *_*_.

E

2r(3)-(2) K c+JE r (5)
x, 

= 
x(l-fr)
0+lr

(1) -(3) eS-*-S.**-*. -S--_*--*- :&:-*-*2lg=!) ---(6)
sulsrlrure ron:(? s'BoM (l+¡, rrtto f1 r'nou (5) ln (6)

(e0 + K)xr+ c5(o:9 -qt"- i - !.iti*l = p(c-r) (z)
'c-*-tr -

O¡EÂR¡NG DENOMIN^ATO8S

R(ô+3s)(ec+r)xr +oxr(e+ 3K )(c+¡t) - (ca-s)(c+¡¡¡ -sl(r*x.,)

=2(0-1)(6-+lr)Ë 
(8)

SIUPI¡I!'ï ÂNX 0C¡rL!0g ¡I$! '¡I]ÊMS

xr(anc2+ 9x2* oxÊ* \*l* ot+ l+os) 
= 

en(0-r)( c+3s)+rl+(ce'a)(c+lE)

¡ïEENcD t. = (28+c)(0-1)(c+3¡)+rJ
Eæ-atÉ
( c +rE(ß"+ 5CK * C') * r'
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oxl xPNSx\

l. 5-_*-*-9:3!1 --- o.itLl*--L1gLg-* 
-0'Ig9z*-*-:úJj*-** "j: 131*--%-132.---' --9:¿I'g

t o.53o 
-,g..1e0--*_.--*0,,9Låã-**9. 

eLz
-¿-æ-J-

r¡B¡s.r. E = 1.

_E___q-g___A.,-e__g-.4 __*g- 6 _9..9** !. q*_--¡,-A-._-L!

-b-L.å*-r!¡!*-'"Eg:=IgÉ- lzss 
-*LrT 

2-*--¿Ø'.¿225-
ßABLn 4. na¡À110N. oF h r0 [ F08 c Ë 2. SOUR RIV¡]86.

so¡luE¡oN 808 rEnDE nlvEls.

SitBSÍtSUTE n ã J lN 1tr8 CnNmAI' EQUAIIONS.

(2c+2K)xr+(c+r)xn: e(0-1)+r, (1)

(o+r)t-+(c+2R)x- = (o- t)r-x (2)-13

2 x (z) - (r) (c +r¡c)x^ : r
2

oa rr-+ #rr;
suB6TIou['3 so8 xa ¡l{ (1)

(ec +2r)x1+ (å*s)* = a( s - r) + x'

¡ (ec +28) 
= 

â(C - r)+ r -le*g)x
1 - c+3ß.

xr(?c {-aE)(c +}ß) 3, {ec+x-2)(o t3x)-n(0+lr)

x, = {c"Jìtgfå*+uÐ
ÂND f, = 

1-Ír-fe'
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of1 x"*3

1., o.166 o.ezz 0.41e

2 o. l+oo 0.200 o. l{oo

_t-__*g*5 4?'-*--9 J gL*-* 9J9!

IABI¡!5. &¿X"

F--ö;õ-*ilã--*ir;E --i["6**'.õ;E -:rõ--*1;ä--r;Í=

xl 0.5 ,\62 ,\ll ! \21 .l+09 . l+oo .tgt ,187

¡¿¡¿p 6. RrIJÂg¡o¡[ o] f1 E0 r, 0 s 2.

er+s¡_:¡s.Egå

In tire aÞovo analysls, the value of 0 depenûs

on tho reletlon of secbtotal arera of covar pletes to

that of realn pÌate, anð ln all throe epecltnons tostoåt

G 38¡ i,e.e ühó maln plato was tnice as la¡ge ln eacilon

ae eacb aovoe plate. !f O le va¡14ê rvhlle X ls held'

conetant, ât R6y:t 1r lt' le e¡eon that the loatt

illetrll¡utloa la altorEô. EbuEr ñhån 0 ¿ 1'þ, or each

cover has ono qua.rter t,he sectlonal area of the maln

rlate. X oarrl€s 2\.fla¡A X.. carr lee It6.6$ f or four
' '--1 4

rtvete¡ and ñ, carvles 36.6fi, f'{ \1.2f" for throe rlt'ets'

¡n all caseEr ühe flrst 
"1v36 

(oos Slg. l.) carrtea ì'ess

tba¡ tbe last rl.vet.
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If 0 3 2, ae ln û!.r ca.É€, fh6 onû rt"et s

eacb carry êqual partg of ühe load.. Xf 0 3 5¿ tn

whlob eåse esch, cor¡ex Þlêiê has the 6ãme cross-

sêctlonrrJ. arèa aE the aaln plate, thÊ óLÊtrlbutlorl

lÊ Nt a ,2.8fi, l1"aß, and 5tt. efu x5 = 
26.5í,

X,, ¿ 27.2#, f,- - lg"Lþ for f,l1,or four and threeTt
rlvets reopectlvely. ln a Ê;eneraL eêyr thls l* the

¡ovêrÊê of, the ceree rYherl C 
= 

1.5"

Oongliler tbe fornulao f,or ths value of

Í1 ltr e1l thrøo caeee soJ.ved.. It lg obvloug ùha.å

tbe rivet6 $evor recelve ths game load. eaoh, å¡(copt

lf X =oo, 
es la ths case of perfoctly êLaÊitc vlvets.

If the rfvetB rvere gþ!¡!¡ (f 
= 

O) tbe tço end rlvots

of a Jolnù rroulû carry all the 1oaó.r and thoso ln

bêt¡eeên nono at all. Nê1th6r extrelnss are 6Yer truet

anê ln ths absence of ôeflnite lnfortttatlont

E (3 2k.{c/ I ) nrust be ôeterrnlneê ìy experlmant. '

1þctor Batho haE lnvestlgated lts .valEee anê

va¡latlons rather cornpletely. guf,ficlerr1; to rnentton

he¡e that I depends on thê nåy the sork ls stored,

eltber ln tbe ¡tvets from ghoar aotlonr or ln the

plato contacts by frfatloual reefstance, or bothô

tf, Éhear 16 th6 easo. K !Tlll 1¡rìr'yr sl¡ce tbe

ôlstrlbutlon of loa-ô on a rlvet depenôs on tho

lntenelty of load.. firether K varlos fo? eåoh rlvett
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Èô ilo not att€opt to conJectr:.roo Our load

dlstrlbuttonÉ çê!e lrregular, and to fli thÙrn ùo

tbe theory ls uareasonabla. [ho experlnente of
2

Plof. f,. fiellt¡lI- on rlvetoô JotntÊ çltb palnt€6

contaot areês lnèlcate tbat f,siotlon l! ùhon l8

negltgtblo. 0n the oüher haud, vj'lh bê'rê plates

In oo¡te€tr frloülon hag a constdterable voluet

btrt thts $ouLú lûr'gely affecl ¡{ only bafore thø

rlvets ner€ Pullsê tnto shssr !y tlre 1oað on tho

Jo ln t.
lba illag¡ame shos theoretlcaL ú1t¡lslon of

loadt fo¡ f lvor, f our and !h¡ee rlvetsr..and' re¡e

plottoô for ttrs pêrtlcuX¿¡r oaes of E å l, Ç z2'

Às tt baâ been sboçn t-hat I varles eltb tlre 1oa&t

apparently !n o 1{lo*rr reletton, the êlagrans sould

Þe true f o ¡ e.æ19-gg*gå1¡. antt that r¡Bkno$n to u¡¡

Ebe veluo of C tc the correct one for the present

teotr. It tc evtdentr theBt that the dlegramÊ Eõ:'Te

only ae 6 gsneral lnôlcatto¡ of thê load' èlvlsloa to

be er,peoteô at any stateô loað. Tbe truth of thle

etatement 1Ê mor6 apparent afte¡ examlnl$g lihe actusl

1o ai! èl strlbutlon culveç.

2. 3ee appeadlx.
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ÍH E .&PP ARÀÍ US ¡

lhe JolniB"
' îhr6s jolnlið (or ¡iore accurately,

2 Jo!nte an6. half of a thtr'é) trêre r¡ad.e to the

shop êetalls Êboqrr ($ee !:'lattrs 1, 2, J). fhe

princlpel f act,or controLlång the sh*rpe of the Jolnt

r,¡as tlt¡rt of ltml la.'¡lorre ltit¡;osed by the testtng

maohlne. io be discugseô below¡

ßÌ¡e lonl¡ion 3rldg6 0ompany $as

s6ked. to f,abrieaie Spècimêt¡ lrÀ$ ârlð lrDH, rvhlle thê

Oanaôlan Pactf,lc Êal 1tlay, TÍeston Shopa, fur!¡lshêd

$ Pec i meu ll gtt.

gpeclmsn rt /*rr ( s€o Flate 1) was

eorûpo sêd of tço mÉrin platçs eEcb Jålr x åu ut tO"

iest sectlorì¡ ânð â cover plates eaeb. 3$rr s ¿n.

[h6 mâln ¡lIstes rcere r'í1d.ene6. Èo 5l¡rr et the enðg to

êllore a ]-f3l]"6tt ú.is,rîet er bole ln caci'¡. fhroußh

theso boJ.ee tåff ålametor plns ïrere sllpped. to hold.

the Jo¿nt ln tho iestlng ntacblue. .411 plates of

tho Jolnt t¡orfl plêneô â11 ov€r, 1t belng f,alt that

tf r¡1,1 Jolr¡ts testod. bad. thc plates p1ûnod. YIhere

they nad.ê contá.ci ¡¡1th another plator thore çould

be a loottor posstbllity of unlforn frlcilon betnoon

tbese platoÊ, shicb ytould thus afford a bette¡

compar leon of results of tegts on èlfferent Jol4tst

Rivêts ùsed ¡vete å'lt ¿tameter t;1ilr but'r;c¡r'r h.eaôs and
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rêre porrêr dlivea. thr€å rlvotË ltÈrê ôrlvon on

oue Etô6 of the apllcer and four o¡ ühe other.

tt bsi¡g felt that the ono Jolnt aoulil bo uoeil

to obtaln ôata on both thrss anô four rieote¡t

Btruo tures. thê wI iltl¡ of üho rnain platee at

tho €nó6r 5åll, uas the gr6atcst the test{ng

ûÊohl¡6 çoulô all.or through the opo¡lngr ln tfs

heaêc, tbllÊ ih6 Jåí rfd¿n ât tlrê tatt seotion

íàs aE la¡go as coultl be turr¡ed, ¿rountl ln tbo

beatlE rblLe tnounülüg the Jolnt for tast. ths

åo thtckn""s of tbe Ìûaln pletss rraB oho gen

s¡bitrarlly. ..

ßtvot holes nero ilrllLrliÌ

l-rlI.6ñ ôlanot.êî. llhe tanslon .valuo of, tha Jolnb

sae oaloulatêd aç 19000 r (rå - tl) I $ = 
ellooo'p..lb

llbe bearlng valuo of , rlvet! = 
23790#

lbe beartag value of 4 rivete - \5oOo#.

Speclraan lr3ll (soe Plate â)

rås stüllar ln rûaûy r€8p6otÉ to Speelmen flAs.

3o th ¡ûaltr anit cover plates rerË ùh6 sa¡¡e çld'tb

anô thlcknesr, botb at àhe tost Êoctlont atô aô

thE enôe. 6p€ctnên $3ll' bo$€ver, haô four - {r

ðtÊm€tsr buùton Ìrea¿i rlvstg oa ons std'e of tbs

spllco, anô 5 ÉlrBtlâr rlvetÉ o¡ the other, agatn
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rrrn ,n" obJecù of üahlng tb Jotnt usefut for

2 illff e¡ønt sets of, t.este. PIataa vore planail

all ovet, ee before. lhe Etrsa6th of'the Joinù -

ças givsn asl-

¡Ilòçab1s I6nst o n

Bearlng 5llvete = 5'ô2501þ

il!x=l+5000#

Spectrnan üCñ (plet6 J) owodl ttr'.

sbaps oatlraty to tertlng maobln6 llnttatlo¡¡.

It ?ês ils¡Iroil to roake a sùruoture tbat would

shott to ¡onoe oxtont tho vêriatlon ln çtresE l¡

tbe oovÐr plates of, å ao¡tinuots Jolnù' as ln a

task plate spllae. For thlE at least 2 ltnes

of rlvet¡ parallal stttr the dlrôctloa of logû

rae requlrcil, so as to 6lve Eome tnd'loatlon of,

ùhe tntonElÈy of 6tress ln ühe plates bêqgeeg

rivst llneg. ;flho ühloknscE of plates was nails

tbe sa¡os as ln spectüetrE $Aq snù r3lt. for

Burpo Eaå of conperlson of reßulùE, On eocourrü

of a itef lalÈo narltuB el€af,âno€ betçeen àhe-

movlng *nô f t¡atl heails of ã tsstìnê nacblaEr

the longtÌr of tha EpEoir¡l6n ¡ras flxeô, slnee ùhe

pletes nere too ìrltlê to flù the rsgulsr opealûgs

1n the head's. tu crdqr ùo alloç thê strÈ'sE ùo
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," ut"O"rbote lttelf from lfn óiarnetar pln

bo les, a csrtala length of plaio waá d.eslr*'0Io,

aad. af,ter tb!ð Ías tloôucteê fron übo maaltuü

oloâraaos ln ths machlnor tt þecano apparent
\l

tbat only half of, ouèh.a Jolnt ooulû. be

acoo¡aodate<l tn tb€ roacbtne. Benss ùha half-

Jol¡t ôsslgnatedl $peolnen rtOfl. fhe mal¡ Blate

çag nadE 8{r,r ån aü tbe tost sectlonr anil both

covír pbtes $lr¡ j[lr. 0onüact rrur:9åoeB se¡e

ploneô, 8!ô the rost of lhô ÉurfeoeE left

rough. Ehe bevellod entls of tbe platoÉ tetg

Þn¡net to Ehêps. Rtvêtts nere fÛ lllameùer, one

slôa button heail. the oüher sl{le flatteneû to

518$ :nte,h. Tht I oùttltt- çae êì1E to a shop efror'

ÍsE BESÍINû MÀCSINE. 
l

[he t€cts rsta oê1r1€ô out ln a

81 eh16 UÐiYêrsâ1 llsctlng Uecbtno for tenèlou anô,

ootrprÊEElon lork (É6e plate 4). tt ls of ?0O'0O0

poîrndts oepaolty, aaä loetl le applleû through a

head movoê by 2 squaro-threa&od ÐorêÍc ilrlven

through a vartable traln of geare l'Y au elootrlc

r¡o tor. She apBllod' losll ls rosaÊl¡toð otr a 1ev€!

erm by a novable Jookey çetght balarrctng the

loait ùhrough a Fytüom of lsvors. tbo 16ver

fulcrunr are knlfe eôgss bearlnë on !rar¿lên€ü
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crüoot,h Ël¡rf ôð€s. Ihere lc a tðì1åanoy fo¡ fhase

knifa eôgar to ôull froü thooks tustelnoù sÌ¡eB

ùoøt pleceø breeh tn thE mg.cblnsr. ¡rn d[ thue lìhê

âreutaoy of measu¡ameaS of loaê Is ltnpalreil üo

¡onø sllght ertent. A t[orâ Êorlous def,ect from

tbe polnt of vler of thsso tests sas that tha

câûtr€s of, ttre bro¡ze brrahl¡gs lt tbê oovable

beat bad boe¡ illsùurbEdl anll çere further epo.rö

than the proB€r dllsta¡lca for tbE 2 ôrlrlag

sc!ðgÉ of lhe ì0â9hin€¡ ¡n cotrËåqu€noÊr gboa

tb6 Eovllg beaô tlas êrlvan êornearð. tbor€ sås

a tendeuey.to bos tho screwl, resultlag tn

btndtng at ùhe busblngo. :t rlâÉ fo¡ t?¡lE roaEoã

thatn ühe Jolnts ne¡e ¡nadla a ðeflntte natlmun

leagtb 5o as lot to lnJare tbó lÛêeblno rvhtlc

tesà1ng thârr ¡,aothor ôefoeù (for o:tenrorügteî

vrork only) rag that shêD ¿ho ôlractloD of tha

ti¡ovlag heaô wae reverseô, 60 as to ilecrease or

tnoroaoo loéd'¡ the Elêck lÁ tbe ühreaôs of tbe

busht¡gE gavs rlse to â lti6tlnoù It Jrrmp$ ttr tbo

pcaltton of tbe test Epoclnont aE obseiveô by

th6 oÍt â nao na t e¡ r.

lhe Éotot ärLvlng ttra terttag

nacblne wa¡ f,lttêdl ïlth å reËlsta'nce box ùo vary
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ttr rpoet, anô by thls means lt ç¿E êaslly posslbla

ùo ratluoo thê rât€ of applloatlon of loaô ùo a

polnt rbero lt oouLé be oarefully natchsil by

e¡tgneo¡¡eters ob thê Jolnt. Àt thts lor spee(l

vllratlo çêE praoüloalXy abeonâ¡

!84 $XÍENSOMEIÆ$¡

As lt sâs l¡touôoit óo nEe¡u¡e ¡tral¡
oa tbe oover platoÉ of th€ Jolnùr. s¡ùen¡oneàerg

nole ohosatr for ùhls purpo86. llb a prlncl¡rlo of

tbe fora of, o¡tensonster davised t'y Frof,. Uêrt€nE

t¡ 186l+ ras ailoptad!, rrberEln tha deftactlon of, a

natErtal ilua to straln iE ro tranÉlstoû lnto

rotatlotr tbat a Élrror rêfl€atlng a soels l,nlo o

teleroope ls turne& bhrougb a erÂell angle rblob

varis6 dlrcotly ç1th tire Étrstb. 1!he trl¡o 1a

aBparatu¡ anit tts operatlon 1E ilesarlboil ag folloçE¡

(6ee plate 6).

Iho surfaos on çhlcb ¡trsln lE ùo bc v

obrorcê¡l 1¡ tsretobêô by 2 paralløl llnosr arbt

theli dlstanso apa¡'i betng tbo illotanoo lB ehlch tt

1s tlêElrril to l¡¡aÉr¡re stratn, a¡il calIeê the

flgaugs allotelrsê$¡ tnto one of tbese sc¡atches tbe

í allsùenes pleoed krilf s stlgè lF f,tttoù. llb€ ôlrtaneâ

pt Eeo ( o) t s a emall f,l¿t ba¡ 1/t6rt x ilr rtth one

oaat tursêô st rlgh! engles ând' ðbarpeaåô to ¿ lt¡ff o

eilge. 0a tho flat of, Èho þârr on tha t¿ìE¡e Eldo å5
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thts kntfs eitga, a rcf,aöch ls Beile parallol to ths

ei16e, ani! th6 6êråe ill¡ taneo f ro¡¡ ! b èã the- scrstah6s

on tlre têst su¡faoe are aparü. Ehea a bar of

ill aoo nô- ehap eil oross soêt10! (a¡ rftn tbÊ oitges at

thê aoutð engl€E grould ðhôtp 1É f tüteil batnees

tbo tast tr¡rf êoår enô the cllEtanoE p!eoo lnto tho

soratob ln eaob. fhe long axla of the úlanond-

slrapeô bêr iâ theorsùlcally greaùcr tban tlre

dl¡ta¡roe of, the undls¡' su¡faoo of th¡ ùlotaace pleoe

to tho te6t ÐÞrfåae by tha dlepùlr of tbâ 2 EorEtch€s.

tlt¡ tËfs ârrang6r¡6tlt, when ùho

tðrt turfêo€ tå Etrêlned tl¡e d.lãtßnoø betveen tbe

tno parâll el llnc¡ on lt ohâ¡rs.t. 8ut åt ühê ãdFo

tlme, tho correøponillng length on the ôlota¡oe

ploo6 rêmÊlnE tha Baüê ttr :.eâ€th' ¡o that tbc tço

ÉctâtobÊr occupleô by tlra ðlaoonil pleee l¡tovÐ

relatlve to eaab o th€r. Ehle givas riss to ¡otaülon

of the ôtaÉonê bâr, to nhlolr le attaeheð a sl08l1

nlf,"or (e) about 'åt 
"qo"ro. À 8ße11 lnveril¡g

tôlesoo¡re (f) fo tlran trai¡reil on tbe dlrror thtcb

ts naôa to reflsat tho llosg€ of a graôuatsê soale

(g) usuaXly nount6Ct Jusù boelte ühe obJectlvå glåÊs

(h) of tbe talessûps. Ehl 6 0oâto tr plaocè a

flxsil ailÉtanoe (k) eway frorn th€ úlrror. k¡ot! EÍ
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ths ¡oallþrated d.lstaneel. thue rheu rotatlo!
of the nlfror oocursr en olgervÊf sê€s lh6 6ealc

tüo?€ over a cêltaln trunÞ €" of lts d.lrtnlonsn

tt nay be shoçn íìatbenåtieally, tha.t fo¡ very'

anall a.n61es of rotatlon of the nlrror, ùbç

latereept on the soale as obgsrreil ln tbo

tolercope earles.rearly êtrboÈly ç!tb the .tral!
on tb€ t ogt sl¡rfece.

ITIE O¿TIIR.ðTIU6 MÂCEINE¡

Ior cecb complet e 6rtsnsonetet

€6t of ln¡trumests thare le a ccrtal[ ôeflrlte
{callbrateit ôlstânooi o! allatânco fron tb6

Ír1îror to tha facc of the ¡calco lt nay be

Eesr¡ tbat .tbe furthor thr soele la fron¡ the

nirlor, tbe larger tbe scat,e l¡tercept fo¡ a

constsnt angle of, rotatlon, conreguently, ühe

fluorr ot Eor€ aceurats the scale rsaillag,

su.bJect to the poÍ€r of, the teloecope.

It has beea uruel ¡lraotlae' Ln

the laboraôory tbs¡6 tbls rorts çea ilono to

ôoternlne tbo callb¡atçd ôlgtaeo go that tlth
20 ôlvl¡lone to the lnch on the ocale, I illvl¡loa
passetl over by the teleecope ctoss be.l¡s

lnôleateê 0.0001 lnch etralr'. It shotild te

r€markoôr that as the eee.]e la fLatr tha resdlng
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ehould ba ai a plaoe on lt se olose to dlreetly

opposlüe thê cêntre of, tbe obJectlve glage of

the telescope ae posolbler anð ùhet callbratlon

sboulô be sarrleô' out ln thle posltlon"

lbe l¡ctrument ¡¡red. ln the

taloratory for ôeter¡¡lnlng lhe eallbratlng ôletance

nas noôellEdt aftê¡ tho llbltrorùh 0elltratlng

tDEtrunont. ( see pXate 5).

It oor¡ll stE of a haavY steel

laso (a) naôê of plate lå¡ tblck, rlüh a noodlsn

uprtgbl¡ stanôarô (t) seourely boÌùa& to ltn A 
-

srôall steel block (c) aôJusteble for helgbt ls

clampetl to a roð (ó) f aoteneil to tha steuôårôt

i¡ô anothe¡ larger block (e) abovs.!s Bo"eil

vortloally by Éesnð of a threailed! roô (f) pagslng

through a b¡aeg 610ê"4'(g) near tbê top"of, the rodl.

t.aEtêleê to ùhe top of ùho ¡oit tbere l¡ a

ctrcular Blate (b) ôtal g¡aêuatoô to 2!0 equal

ôIvtslonsr nlth a snal1 bantlle (x) ror ùurning.

A snal1 uprlght laf (1) from tbo stanôerð servêE

as s vernler. llhe threadoô ¡oð hes l+O threailc

to the lnoh, and f,¡ora tbls, lf t'6 turu tbe plate

tbrough one smsll AlvlElon' ornh of one

revolutlon, tbe threadlsd rod rnovee vortlcally

of -¿- or *¿_- of âr lnch. l[o ¡z the¡a Is
25O 10,000

1
Eõ'
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a horlrontal scratoh ln loùh ùhe uppor and. Ìoner

steel blooh6, an d. nbe¡ oallbratlng an axteneometer

thE gauge plece (o) ls placed. *o that lts knife

eilge occuplês otre of thesa soratches, and the

tlf ano¡ô bar (u) bolitl¡g tbe Blrro¡ (p) occuptes

tho scrateb on the gaugê ptece slr dl übo scratoh on

tho otber süeEl block of tha lnstrument. Íhe.

gauga pleoe anil mlrror a¡e sscureil lu Èblg

poaltlon by passlng a rubbor band (t) arountl .tbo

stanalard anô the gau€ie plEoeo 8be ðiamond bar

t6 thu6 clanpeil ln place. !h€ rolrrof lE ¡oç

turnedl t111 tt le ln a vertlcal planer snô tn tho

sane plaae as the axl¡ of rotatlon of ùhe allâûond

bar. llhe teloeoope ls nor placÊè approxlna!oly

tbo cor¡eat ôlsüance from tbe mlrrorr ajr d. ôi¡ecteè

go tba.t th6 n¡rrot appears ln the oôntrâ of tbe

flelð of vleç. the tolesooPo l3 tbên foouee'l fo¡

!S!S,g tho dlstenoe from the obJectlve glass to

ths úlrror. À ltttle adJuotlng of the ¡¡l¡¡e¡ vll|

brtng tbé scale I'nto vlerv ln the telesoopêr and

the erosg halre gboulil raad. the locsit on of tbe

scale nsar or opposlte üho centre of the obJectlve

glaÊs. úverytblng lF troç reaôy for celllratton'

!he dtal of- ths callbretlng macblne

shoultl !e turned baok 20 or J0 ôtvtslons, tben.

forward Êay 10 dtvlstonsr ano e roaôlng eboulô be
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nad€r Ïoth on th6 dlal enê tn tho taleecopo. lho

ôtal ghould then ¡6 turned. (tn trre sane dlreotlon

as lt sas turnlng lefore the stop nag mad.e for

reaôtng) f,o¡ ebout J0 or l}0 ôlvtËtons çhen boùh

d,tal . en d. sealå. Eboulal be ¡ead. agaln' If both

lntoroept values colnclôe" tbe ôlstanca f,¡o¡n the

nlrror to tbe ecale ls ùhe callbrEülng illstênaol

anô sbouliL br reoortleè. tf the scal6 lntðroept ls

tho smallcr, the êlstancÊ from mlr¡or to scale

ghould. be L¿o¡eased aecordlngLy¡ tf the dlgl

lntereept ts the snaller, thtE ôlstancê dboulil ¡s

clec! eas sil.

.Af t€r ãev6ral trlala" t'he

calllràteit ôlstancê rvas f oun6- aud ohaèhaô severel

tlno6. 8or lo th sotg of llgt¡unetrts tf tsË

ePprorluåteXy 60 inobes. Tbe sxt€nsomEtêr' gaug6

plocee and nlrrors rvsro then reo&y for nountln6

on ths tê3t ßP eo I mêlls.
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¡sE UDIEoD 0r IES!6s

Ehore Í610 ôso klnûs of tests

carrloal out in thle tork - (1) to d.eïsrrnl¡ro tbe

polnt of, allp anô aleo ttg nagnltuiÌe, aaè (2) to

ôete¡mlne the ileformation of thg cover plates of

the JolnÈs unôer varlous loails. Ihe neühoil

folloreil ln testlng ta6 Elt¡llar ln both typeo of

toEt.

Ehe Jolnt to be testeô ( "c, or B)

wae lonereô througb the eüatlonary head of the

t egtlng rnaoblno lrntll ùbe loçer enil of tho Jolnt
protr¡ileô psåt tho movlng bead., antl ühe Plat e* o¡

thelr eitgee, tbloh s?Êr nâE to be obgerveôr f acadl

ln Buch a potttloÃ EE to b6 ¿ccssslblo for

observatloa. ltf, ðlarnste¡ plns, about 10 l¡ahss

1ou6 rere thea sllppeô l¡ tbe holoe of paeh end

of tbe Jolnt anit plate rblrna of hard steel $tt s¡¡4

5/6ü thfok were plaoeô on aecb sld6 of, tbe Jolnt¡

betneon ùbe pl¡s anil th6 two beaôs of the roacblnet

go lbat tbe tenäency to !end. iha plns unôer lo4ô

res par tly avoltted. Next, the movlag hse6 $åÉ

bror¡gÌ¡ù Eotnrêr(ts tt1l lt nas bearlng o¡ üha pln

ån& sbltEsr the Jolnt of course bciDg ogntretl ln tbe

tro boêAr.

tn tbo sllp tostgr'tbè 1oail råE

thon lncroased tttÌ tbo bEan of, the teatlng macblnê
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balaEoeil at 1000 lbs" 1oað.n ltro 6pocls.:. gauge plsoe¡

rare thea mouatod, one on €eab 6dtge of the Joiat,
illrectly o¡rpoelt€ each oth6r, anil oantr€al on tbe

¡Lvet lartbest fron the splloen It ras thouglrt

that obEervåilôas tn thås poslùlon rould. E!ve ùbe

contnouo€lnent of sllp ai tbo lotest load. Íbe

kntfe eôger of üba gêugê ploces rsstsdl ln fl¡o
seretohes on tbo cover plete5 of th€ Jotni, nbtto
'the nl¡ror illavro¡d r6stsdt ln clnllar serateber

oE thê naln p1ate. Íhu¡ Èbe extengo¡¡oto! ßhoroal

rglatlçe not!.on between tho tço .gcretehos lí
êparèr thls rnotlon Þelng eornpo6eat of part Ellt,

a¡dl part olaBtlc d,oforuatlon. Slnso the latt€r lg
atlr6çtly proportlonal Èo the loail, and, th6 f,ornor

a varlable, a ou,ry€ of loed ilttplaoeroeat noulô

roYeal rhen ellp o ocuf reê.
' lÍoxü, the tolescopea re6re sêt up

on beavy eood.6D, tallec (to nlntmlzo vlbro-òlon) at

tbelr eallÈ¡eteú dletaacesn ânô the gcaloe plaooit

to ¡hor son€ corvðnient res.êlug roferrod. to ag the

I ¿oro of tbe tostË¡
' l¡ ùhe toet on I rlvetn for

ellp, tbe load, Ías greltually applleè by an operator

of the toetlug naobl¡oo sblle an obEervor rstoheal
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each toleÉoopBr ñeatllnga were taj¡en slnuLtaneously

aù 1000S lntervals fron L000f, to 4or0oo{lr snô

baak to XO00#. Sb. e üest rras not repeateil to fl¡ô
tf ¿11 sllp ¡as tdken f,ron ùhe Jolnt.

In ùbe tssù on 5 rlv€te/ reaillngr

çore taken es aboee¡ 1000f, betng the lntt,lel" then at

5¡ 10; 15, 201000#, thçb Jo00f tntervals to 53'-Oo0#.

lhls tegt tas troù ¡epeatedi tor rere reetllnge taken

ê6 the load ¡vas releaaeð, on accou¡ù of tbe tstrror6

of the extonsor¡Eùers bêtng ôlepleeoti.,

!oilorlng übese tffo teste tbe

lnvesttgattotr lnto deformatlon of, tho plates ças

Etartâè. Dr. 3atho. at McGll1 Unlversftgr, Ehoseû

that râÀd.lüga of atratn teksn on plaüc surfaoçÉ

wgte aocur&üe tndloêùors of Etratnç wlthtn the

netal, hence lt ças ¡leolôod. to obee¡ve th€, ðtraln

tn the oovor platÊs of ühe Jolats betçoen the

rlvets¡ anil locetloDs for th6 gaì¡€ie plêaEs of the

erieneoûetøra Íe3€ then plotteti on ibo plates ì

¿s shoç¡ oD Blates (1), (P), (l).

!he tço llnes bet$een eecb rlvet,

pe¡penúlculer to the rlvet cont'r'o 1!ne, rero

plaogô ltt apart, anô a flna scratch nlaôo along

each 114€ sltb a scrlber. l[hlE enableä tho gauge

pl€oes to bê plaa€d at any 10aêtlon êcross the.

faoeE of the plateÈ. llhe llneg narketl Àc8,9, --
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to ê, rêprs6ênt thô suooesFlve poÊltlous of

the gau6e plec6 êu.¡t ng thê reaôlngÉ. lheee
onepositlons s6re^half, lnch apart on BpeoineBs

.À asô 3. and, ac sbofrn ln plato J on spêcimeu

0.

' Ia all theso teÞtsr tbe end of

tbe Jolnl u!ô€r têÉt ttas l¡ppernost ln ths

têstlrg xûachtne. 0bservatlonc Etårtått rlth
the seoù1on fa¡ùhest f,ron tb6 eplloa, at

po9lùlotr ll¡í o¡ the one s.d'e. anô f0ß oa the

otbor, so tbet üh€ gauge Plôcês wsrê ê:ractly

opposlte, thts b6lng f,or convenl snoe ln

oarrylng out.ther terte .
. Ehe nothotl of r¡ountlng the gauge

plecet on tbe plates ts lllustreüeô l¡ Plato J,

shotlng tpectmon ñ Cr ì¡nil€r ùeãt. Na tllítt
roils sero placeô, one of, eacb slile of the Jolnt,

and. tbelr €ntlE F€r€ hetô !ogether by elastlc

bandie. The gauge plÊceg rgerê ðltpp€ù unde¡ tbe

roôs, the nl.rrgr Ôlatûonô adJuEteil ln plao€' snô

tbe rott helil loth l¡ po Eltlon¡ À 8ñ411 plêco of

lar u¡ôsr the othe¡ €nd of the roil let the lattor

boar ovenly on the.gaug6 ptêc6. lhl* arrangemenü

permltted oasy sblfttng of the gåueis pt6oc froû

ono BoEltlo¿ to another acroÉÉ tbe saue s3oùlon.
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I¡ all ùeste exc,ept that mad.e on 3 rlvÊts, thê

mltror ne.* placeõ. aü the upper 6nd of tbo 6auge

plece, ênd onl¡¡ the read.l.ngs tn t¡¡tÊ poslt{.on were

taken. I¡ ùbe test !ìed.s on J r!.vets, readlngo rere

taken rltb thê rûlrror et tbs top, tboa ât üh6

bottot¡ of the geuge pi€cô

In mêklng a toot, after every-

ühlirg ras roü lrp a¡r dl aôJußt€d, the proceilure for
each exten¡o¡neto¡ posttlon s&s as follons¡

fhe loed. nas run up to 1000#, and. bêlil thoro fbl&€

the tro ExtensometerE çêrG etJusteil to gtvÊ s
B¿6¡9ll reedlng. (It Ehould b€ r¡Bntloaed t!¡at thrse

men rer€ pr€se[t st Eacb tesü - oþe at €ach

6ÌtensonBüelr and ong to operâte tbe testlng machlne).

ths loað ras then slorly ânû st€eôlly applled at

about 7000# p€r ml¿u,t6 untll a maÍlmu.E prorlously

agroe6. on Ías resch6dr 6ttensorlåtðt readltngÉ tèlng

take¡ at lntervals of Eeve¡al thoueand poûad.s load.

lbE raacblne sås thos rsvereeal to dec¡sase ùhe loail

to leEs ùhan ât ths. lntttal reatllngr or to alout

!00¡Nl, tben agal! rev€rred, and tbe load lno¡oaeeil

ùo 1000f,. At tble polnt tbÊr,'s¡ct€nsoneterB çErs

roquiroô ùo rðêô tttbln 0.00002 of thelr orlgtnal

zelg, or tbe ç€t of readlngã tas r6jEot6il¡ anil

rs-tabsn, but thl8 ras r€r¡¡ 8elêom neceßsåry. ll'l¡ e

Þlay ln the busblngs of, tbe movlsg heail oaused. ühe
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lêtt€r to throç ovor E116htIy ¡then lte d.l¡eetlo¡i

wås !el¡6rËèd, en& thlg vas oûê reason for taklng the

ftnal check rêad.lug nhen tbe beadl ças novlng ln the

sane êlrectlon as ¡hen the oriþlna1 readlng eaË hrêd.e.

If ùhte preceutlon Fas not obgêrvêdr s, oh6ok ças not

po selbl e.
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DISOUSS¡0F 0¡' EXPüB¡M$¡EA¡J Bü9U!!S.

Às prevlouoly etate&r the f,lret teets

f'gre performeê çlùh a vlon to ùeterrnlnlng the

exteut of tl¡o ollp, as tt ts cal lsô, ln tno Joluts*

lho tostg aooslsteô of tnvestlgat lng ¡,ho 5 rlvot

1lortlon of speclmea Àr enô. ! rlvet portlon of

Spêclrüen C. It ras ùlrought that after thesç it¡o

Êp€clneas lraó. been sulJected to t'he 1osôg of tEgtg

roênùloneóf the ¡emalnlng porülone of êêeh (both

havlng \ rlvets) $ould. pf,ola.bly bavo some of the

ellp rernoveô, opolXtn6 lù for the tset.

Ourveg çêre p"eparoô f vorn reêðlngs

taken, lD t?hloh reLatlve ¡novsment !et'neen tbo

platee (lnclud,lng sons aclusl elongatlon of the

rnetal) çsB plot!6ô aE ebsclssae agatnet loeð as

ort!1,¡ateE¡ lheEe curves sborY shat ha?p€asd' ln

tb6 übr6e-rIvêtI sectIon, the üotal ¡eglÈtan6ç'to

sllp ln the Jotnt wês groatÊst at sma1l Loaêo' '

d.ecroeslng EIor€ or less unlfo¡mly rtth tha lncreaee

of loað. 0omnenclng about '1J000# load' thls

r6Elðtañ.ae ro¡¿el¡e6. conßtantr or nearly so' up to

about ]5000f loacl' çhen 1$ chen€eô ln r¡agnltudo to

$orÍêrlhat lees, beconll€; coÞßts'¡lt once ¡¡or€ uB to

t,hs rnaxlmum load of tho test or }+O'OOO#' À s€cotrd
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loadlng of the Jolnt showed lhat tl¡e rlvoüs nere

thon lu learlng, eg ths exteneometsrs lnôlosteê no

åpprêclebl€ amou¿t of d.ieplacenent of the plates on

con-rparLng tnt tlü.l a¡d, f lnet roaôlngs. 0hero e¡e no

record.s of, thlg test. , sl¡oe no reaálngs vere takerr.

[he acùual eltþ nøe 0.001+? lnches.

. 0ôapftrln6 the ê1op6 of, tlre cv.rve for
lnoreasin6 1oê.d, Btth that for d,ecreaslng load, the

f otri¡er ts nucb lese; aloo, part,Ê of ths flrst curl'â

aro nearly strs.têbtr rhlle the seconô or rele¿res

part åppeârs to forn a contlnuoua and r egul,a,r curve.

.ån €lrpla¡êtlon Ls suggested. Durln8 tbat part of

ùhe cu¡ve shorlng lncreaslng 1oa4 wlih a largo slope

(tangent) tbe three plates end ths. rlvetB tend to

act s.E one plso6¡ lut l¡r ttlrnlntebtng degree t.i 1l

f¡lction betsee¡ tbe pJ.e'teg ùhemEel,l,oe lE suf,flciently

oTeroornê to permtt relatlve nnotton, ae shoçn by the

ðuôôon ol¡angå of slopo ln the curvo.

It I ¡ shocn ln Þbysl es {,hat the

coeff,lalent of f,¡iotlori êecreases greotly betç¡een fr¡o

sìÀrf âo€B sb€r¡ s1tôlng le esta!11slred betçeêT¡ t,hÉml

trhlêh Ls tb6 câÊ6 at tbls polnt. fience ùbe total

reslßtBr¿çê of the Jolnt to notlon te nos lorvered,t

anû ùbe curya l¡dlcates tbat sllp ts tben contlnuour,

brlnglng ßuccesslve rlvotÊ tnüo motlon ttXl 411. rivotg
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are carryltrg load, by bearlng, shear and. f,rlctS.on"

Nott th€n the load !e dlmlnlsbeô, f rl,ctton agâln

aeüE aE a ilrag oa th6 ¡elatlve notlon of tha platere,

ln tbe o?poðlte ôlreotlon, anô so tho Jolnt a€ål¡l

tenilE to ect sê å Elng16 Þlêoê of netal at the

süart of éeoreaolng loaä resultlng ln a hlgh elope

c\rf,v6r but êE the rlvetg sta¡t t'o free tlremselvos

of }oarlug and ghear stre66 thE reslstanse to

relatlve uotlon of plotes lg oaoe þore ov6r cou¡6t

anê motlon ooou?F ilLl thore is Boro load. on the

Jol¿t. 0n thls riÊEunptlotr'there rould. stù11 Þe bearing

and. th6ar ln the rivets helê there by f,rictlon uhen

the oftortrêl l,oaf! Ïeo&üo u oro¡

lhe sltp test on Spoclnte$ S o¡ tbo flve

rtvot Eëotion was ln generol glmll'¿¡r ån rêsults to

t'hose Just ileecrlleð. EhE detall iÊ Êomeghåt

d.lfferent. llhe lnltÙa1 . roaótng ças at 1000 pounär,

and. tbe loaiL tloflsatlou ourve trâoês the aetton

folloçlng. l¡bere seo¡aed to bo å uilforn rate of

ôeflcctlon Ytllb. rsep€ot to loaå up to JIOOO or

35OOO pounils. Iha actu.al'. path of, tiro curve ls

lnollaed. to !o lrrogular in plaoos tïlihln tbe rsngê

Just nentloneit, anô tbe theory lE tLat ln ühls rÊ'nger

motlon or e1lp, ls belng foraed to each rlvett

startl¡g a.t the tno ond rlvetsr t'hen the ùno naxt the

end rlvets, an& f lr'"ally ibe oentre r3,vet. ffhen tt 1s
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ro!ûemboreal that the plates are o,lagtlc roembers, tbe
rêa.EoD f,o¡ thle shoulil ba cleer. At approxlnat,elS,

3?OOO 1b. load, lt appearod tbat thare vae eltp
€v€ry$her6 àn thø Jolnt¡ anil rl th tt¡e reeulta,at
lotrerêd. frtotlonel coeffl,ctentr yestståRoe to rnotlon

waa at onoe lonerød,. tn th!s tesù, tbe reEiste.ncÉ

l¡eoane lncroaetngly lorer ag tbe l,oad,lng progreseed.

lhe tegt saE diqcontlnued at !J000 lbe. oìrt of
conslêoratlon for tbe other Êoctlon of the spoclmÞn,

rblch had. but I{ rlvete. Íhle sectlon mlght hävo

l¡een ovørstral¡red bail nuob hlgher 1oaês been l¡oposeê.
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Ího follswllrg èÕsts wors corteatnaô í!tb
the tllatrtbutlÕn of str'êss ln tho cover platos

b e ttr 6sr ths rlvot s,

gpoeln€rr ll¡$ !râÉ flrat lnvostlgatoô, on

th€ soctlon ùf throe rlvstá. A colûÞl€t B Éorlos

of, ¡Eaalings for both oover plato6 nsrg taketrt

ftrBg rlÈh thE exö6néolîlotor ¡nlIÎor¡ at tìre top

of the gsuge ptoeês (toat rrÂll ) ånit thEn vrlÈh

r¡lrrors ¡sversEdr or at ths botton (fest ß3n).

Illlgso reedtngß are givon ln tablosr anil curvog

wef,a prspereat fron them. In both tâstrr, a Esries

of rEsäings aoro te tire matn plêta ',tâs lnoLudoil

ùo alloç aomparlson of tbo ¡aoôu1l ll $li fof contre

atè eovår pla.tes, a¡ô lilo reeälnge plo ttaô ,ar

streÉs-strâln ourv€r (Sbeet l? ). À glaûco êö

thls sÌ¡6eb f,i11, Ehos that ths eEsuitlptlolr of bo tb

nodul! belng tho sarls 1$ tb6 thâorotloal

lrÐatmont was not obJÐêttonêÞler

- Sh€ot 15 shoss the load èlstf,tbution

þô!üoen tho.tìtrêÊ rt"otâ for tlre rångs of thø tast¡.

As a mBtt6r of lnterrteü, lbe results of, !oÉtð rÀr

anê ß3ll 1rêre p¡o bÈo(1 soparately, anit also tlrolr

av6råg€ was plot teti. Irom th€sa ðiagramøo tt soulil

oppest ôheà an å1¡ orag€ of, t|o t ag ts 'iras to bs

ôeslred, though lt ßhoulô be rensrnberod thaii sech
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pclnù pl,(,ttsd on thls rhaet 'nas the avorâgð of

tl{ lnd.lvt¿ual roaôlngs teksn ac¡osg the ? oove¡

platos al ths spoolfl,od load.. Ev6a ühls ùurvê

of averagee of teets fiÅll anô sBlr appears

un¡ollable at 1on !oai!s, ae lt shors that lhe

csnt¡e rtvet of tha S¡oup sarrlos more loaal

than tho ono nê&roÐt the sp11oo. [haorstteal],J¡,

tf tbs'rtvois sers drlvsn tlghg¡ as thay soenoil

to be¡ tbls oondlttlon.shoulû not bo thE oaso! ânil

the oentrs rlvet shoulå carry less lsad ühan

elther of the en dl. rlvotso tlhe apparont

r¡nrelta'ul'l.l$y lÉ êu€ to the very emall sir'åtil

valueg obf al¡rodl, Srom Éh€ot 66, ounmary of

roe¡lingg tn leet É fl Af srìtl llBñ 
' lt moy be ßi:onn

that a oonEöånt error of, 0,000'111r ln sactlon ?

at ,0OO ¡.bÉ. noulð reEult ln abouù |fi ôtfferanoe

l:r ùlEtrlbutlon, aîù 2$ et !0Q0 lbr. Ehte

lllugtratlon Ie guff!cient to shott àhe

posstbtlttlos of, errors croeplng ln tho resultot

.å,6 thê tot¡l Ioaô bêoomoB iargor, the

Bloportlon of load. carrleô !y eaoh rlvst ào¡itE

toçard equal arnounts f,o¡ all' but tt l,a

oharaeùerlstlo of this t!¡6oll¡ie¡r thaå rtvot No.1

bea¡s ¡nuch thð gr€at€r part of thÐ loaflr ôvsn
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jO$ al l+0OO Lba, lf ühe currâc ¡sveal tho trus gtr.oss

oor¡tltþlon. It lr ouggestoû._thab inscira¡¡lcp.l

Xuirquall tlEc ln the rlvotø, and ;rrrsstbly ln tho

platoa, s"€ ?esponslbls fo¡ ùhls ?ecullsrlty. lt
ls posslblo ahdl llksly thåt i{on I rlvet saã ilrlv6n

ùtgbter than the othsr tao. glvlrrê 1t thÐ

ra1*ilvoly greaior raËlstênÕe Èo load thst tt
åhotå3

Tho 1oço¡ ôtagrâü on sheot 15 ts

lntendod to ahor ln another ua.nnoÍ blre îângo lïr

th6 proportlons of loatl carrl etl by each rlvst ln

!h6se two tests, Shçst lE ls a d.lagrarn showlng

the ilistrlbutÌon of, tbe stralnB ov€r ths fâcsB of,

the trlo cover plates for a loaé of 25,000 lbÉ.

llho ou¡vos are bulLt up f rorn thg evorage of lo¡ts
ßAll âbal f80.. 3!oü tbls sbåot lù b€coìnss epparont

thet ùhe tHo oo"or plator mey dlffer sotrsltlorebXy

tn tt¡s anou[t åaô tllt trlb'¡tton of the loait car¡leô

by oach, ßho ooropregslon st34lâ on faco ilo.P ls

assuüeô to be oauaed by prevlous ltEntlng of tlre

çhole Jolnt so that faco No" 2 ls oonvox' aa(l

fase ¡[o. 1 êon@âv9. ¡pplylug oxto¡nal lo ¡rd' Xn

thlr 6êBa r+ou}û oau¡e co:r¡plegslon shotlr'ac ths platoE
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etralghtonE6. 16 hag þeen nantlonad by Dr. tetbo

th hlB pspêT thêt thê sü1'atnÉ 'rpers oonsiÉt€ntllt

lsse illrectly betlroâi1 biro rlvots tban at ùhe

edgo of the oov¡r platosr lhere seerus to be

co¡fl¡nattotr of, thtE Ehósn on tbo strÊtn

illEtrlþuülon illog¡âm, but not ln evory caso.

¡n contrâFt thâ tÎvo ourvôE ovsr tho cplloo sho¡t

r6lettvoly graater Etråt11 n€âr tbE,rlv6t 1lûç

tban f ur th ðr' açâyÒ

llh e noxt t"ut, """u Performød on

gpsalmcn .rÀl å,nd, nB$r both on tho ðectlonc

havlug ll rlvots. llhê method of toEt ss6 slnlIår

'ylth thet f,or ùhros rlvst6r escspÈ tlråi roa'llngs

wsre talcsn oaly onoa at eacb poalËlon on tb6

ooror platoer ttltb thb r¡irror ¿t the iop of ths

gaugE pl,êoe. fnat tho åYslags velusg of nltirsctll

&n(l tl¡svo¡: ¡gôl rnl¡| ror besås sere corrsl.ûe:'ab1y

d.lf f ersnt f,¡ou sltber slnglo !€st flê$ not

r.EaItøeô ttL1 tho experlroenÈal. vrork baô boon

ooiãplo!6dl soìte tlmo' and ü1¡o r6su:'t5 belirg trorkeil

lnbo f,orÉ f,or aaalyels. Ì¡ott6',sr', !hesa rogulbs
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TlL1 b6 treateð ìtith thÊ oautloa öhoy iuarlt,

åüû äo poÉltlve tleéuctlons shoì¡I¿ bE baseil oo

tl¡ aüu

Shosù f4 lo a ooroparlso¡ of tbs rnoôull

of ùbe tunor anô oover platos of Ëpeotnen sBBr

Ehoçlng s !fl f o r tbð rnaln pla! €s Ês 29.9 * tO6ll I ot, ,

end fol the sovorc 28.7 x fo6#/on, a illf f ereneo

os \+ É.

Sheet 16 presento tha tlslrl'outlon of

load betseen th6 four ¡tvets of s¡oh Jolnù for
the raage of tha tos ts. 'rfbethsr ths curvoe are

trus or qotr oÂ accouni.of, übe one readllng aô

oacb €xlonsomþtsr poslù1oûr thâ proportloa of

lo¿tt on eacb ¡tvet ãoor¡3 to holtl fairly oonstsnt

tlrrough àhê tostÊ. ÍhE theor etl'osl. ê1sirl1'utlon

Ð8 17.!$ of tctal loaô for eeeh of the en(t

rlvêtß of, Ê Étrålgìrù llne group of ll, arranÊeû

parallot ntth tha êlrectlon of 1oaô, aod 12' $$

for each of, the lnne¡ üro ri'¡ets, lo olorely

approaoheil !E tseon õ000 a¡rd. 12000 lb. In !est fl.Alrr

spoelrnon nIll. l!egt rËfr on ÉDgcimon flÀlr sho1{É

ono olrtaf, rlvet taìclng åsì iluoh as half Ùiro total

loeé up to 1200o 1þ. loaû, dleoreaslng to llOf at
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J2,000 ¡.b. 10Êil. fhg oüher outor rlvot holilg

conslstently *l 25|to JÖfl of loað. As çâõ

raentlonotl, ühose regults ptob¿bly poulrl bo

d,tf,f Ersnt lf tço È66ts Bs.fs takðn, âs ln tbs

oase of, J rlvoùEi.

Sheets 19 and, ZD show ôlagrarue of tha

rêoor¿lgd Etr¿ln oa tbð covar platee' ¡n ïoth

shaets lt appâetc that titara lc loss str'åln

a! tbe centr€ of, the oover plaÈo betuoon lhe

¡lveùs than to¡varits lhe edTgor. tho sEctton

over tbð splloo tE Èhe e:coeptlon. ¡ b¡tsf

analyslo of tho âatlo$ of rlvsts on tho pletâs

sben under ðtrsss Eeems to agree ln t¡o¡t placog

wlth Ehs ôlagratno. Ì{hsn the Jotnt to stresgaô

ln tenslon¡ ühat slale of bhe rtvot f,arthesù

fron the FÈltoo ltlro iË putilng oonpress.lo¡1 on

th€ cover platas, by boarlng, *?rear anè f rlc'ulon'

Íhl6 oonprêsslon lnilucsô ln tlrs plats counþsracta

parù of tàa ten¡ìo:r alreaôy ln tÌ¡o plator ao

tha! tl¡e rosuL!tag gtraln lri òho platos ls

enallor !etneen tho ¡lveta" Soç ôir60tfy ovor

the splioo, thê t$o nsaregt r19Ðts èendl to pull

eray f,rotr ùhô holô naIls t¡r tira cover plêtes

aext to tbo Éplloo, ïehtoh qoul't Loa¿ ue to expocù
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L6Es stretn beiltesn ùhess 2 rlvets anil higher gtraln

¡stwegn the hoLe anû the eôgo of tlro plat:o. J'acs

No. I, speclmea ltÀlr, ån(t f'ace Noi. 2r Êpocínên lrSllt

ahoe tbls, 'put lf bon*Ìng 1r prosent ln eny åogf,os'

lhe soctlo¡rs may bo ólffersat than obown'

Sbeot 16 gbows ths verlatlon In
proporttotr of totat J.oad carrlod by e,**h rlvot

1n Iost lrÀll , gpectrnen $3$. lIoto that thô.åvof êgs

valua of aâch of tho end rlçats approaohêE òho

lbsoretioel 57.5*, åctualLy 77.\fi ane 16*.

Tho lnner rlvets at lL' J/t and l ll'f avorago are not

far fron pEtfÉci våIueEr IÐ Êhortr oonst{orlng

the teãt ås bBtBg lnaoitplètêr the agroenrent of

thêor€tlcal and aotual values is vof'y satl-"f actory.

It ls of, lËtâ1'sgt to note ths dlfferEnca

betr¡esn tho aatual loads anô the loadla .allotroô

by ¡.r.s.c. spsclftçåtlonr öa the lt ¡tvoÈ

corôþlnatlon.

lbs aXlowaþIs toiel losil on tho Jolnt 1Ú

At+,1O0#(tên€lon ai 18,O00#. øq. ln. ). DtvlûEô

¡etFâen four ¡ivstg, thls t8 6025'# eacb, ou the

r¡s1¡el sssu rptlons. Àotually' ât tirls I'oail tha

ouisr rlvets of, ths group ln Spoclrnon llAff cår!:Y

1,)l+20# and,70J0/lt, ån4 tho lttuor !tvÐtd JL!{Ô#
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aad J5t0#" In Spoolnsn nllt, tho oubsr iiro cårry

6T40¡l and. 78OO#, aÐd thê iirnor 2 ce'rry 4Xa0;¡

and 3520#.

At the lrorklsg load of tlro rlvets, or
l{ r rtzlo = 

45oool#, tho dlirecäton of tho load,

ourvÊB tndtûoats that tt¡sre rould probably be a

noro equal tllvlslon of, üho loeô bo.tw6en ðha

¡tvets. ti has beEn observed. that ae thE

total loail is tncrsased ti'¡ s d'lvlslon of loail -

among the rtv€ts ùends to beoomp equallzot

lretweea th ent

l'ollontng tho lnveEtlrfatlon of, four-

rlvetsû structures. lt YÈs ùsolåad ùo oxanàne

the f ive-rlvotsdl enê of $peolnan l'Bñ(Eest lrSlr).

^[galn, reaÅlngs wlth t]re ti?o 6xùÊnso¡nêtsrg

çere naôe onLy ùn tbs ¡lcttrer¡tll poettlon, or

nlth tho m{rt:or topmo st. ¡,g xas ôonE

prevlouoly, curvåa flêr€ plott6d for purpoeog of

enaiysl r sad ålgousslo¡.

0oualdorlng tho iliFi¡'tbutrlon of, 1oaê

aìno.ng ths rlvatø, (phoeÈ 17 ) tha test shórsEd

bottêr results ti¡an prev!oue toets. Eroðpt

fo¡ thE rbrEêkí at Ì0r000ll, each rlvst boLtle
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rlthln l.?F tú tts share of tha load at the start

of ths test. [hls sbrseklr ln contlnulty of the

tno curvss ls suspectoû of regultLng fron

erron60uF roaðlnga of straln. Às beforer nlth

lncreaølng 1oad., all lt stvcts å.lsplay tha

t enôanoy to ilecraese tbolr ¡bare of .Ioaô lf

oårrylng rnore lban 20$ ot the total loe¡t, å)â¿

tucr€aso tl tf bslou tba{; anount¡ One

f,êâturB to be ìotetl ls tìlo rJ,tsïtropoltlona!ç

+l¡tre of Xoaô oarrleô by ono anè rlvet,

roughly l+lfl to 4o$ or the total 1oaô, aaô aLeo

that ths tso Enð rtvot-Ë c*r'ry fruo about 8J$

¿it Sooo# hct lO$ at U5000ll!- tsavln€; àhÊ l¡!t1Ë3

three rlvots bearlng lItllÐ 10êat. lt ls

guggesteô !hat thts arlses from ärlvlng

cond.ltlons of ths râr1ûlr'å ¡lveüs. Sor exeraplst

a ttglrtly-ô¡lvea rtvot sl11 hsvo conslC'erabLy

ìtoro valus tn frlctton than ono loosaly ilrtvon'

Í3or0 thls 1t f o11o¡rs ühat tho àlght rlvat¡

perntttlrig I'aas s11¡r than tbs loosa rlvot fon

tbo gåmo Loaôr' has a gréåüor propo ¡ùiona'i€

value of rèÉlÉtânoe tn any group of rivEte'

Xùs aaÈual valuo çl1l vâry frltil I'tø posltion

raletlvs to other rlvett ln the SroupÈ
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. lo Illustrate the dtðtÍlbutloa of etraln

fu the covs¡' Þlaùos, slraet Zl vras orooareôt

shovlnê the slratn as raaô at sach àxtsnsomst sr

poslülon, fb rgeólngs on iracê No. I bðltrg largor

tban tboEe on Fac6 lfo, 2 lnitlcåtos ¡End,l[g of

Èha plateE¡ ae explalnot bofc¡a ln e prevlour

tseÈr

0olaÞtssslon aslsta on facs No. 2

bêiçeon ths üvro !lvott farthest from the spllcs.

It Ðhou¡il b-E noteû tbat thg ohårâatof,lctto

ôactsase of gtraln ôlroctry botwsen rlvets ìs

pr6ÉêniÌ as rl€11 ae lnoreagod gtråla bêilee6tr tirê

tvo rlvets aôJacatrt ùo the eplloo. Iü ls ts

be obasrvsû that in !hE laùtor placo, ùhe

*traln lE oompstatiÙoly untforn¡ Àoross üho

tha Ð1¡rtês nr¿ celcul¿!n<lp1ate, to that shon the plotes ::ré calcu

to oarry a csrtsin l,lr¡tÙ gtrsssr tilÐrg ls no

constdErablo verlatloa fron the oaloulatoô

6tr6sg¡

Bo return to 1saå tlïstrlbutlDnr aû

lntaresilng conilltlon lÉ aEen. .ilt ùbe Tûst'trnum

loaô of t}6,000# ono rlYet bears approltnatêly

4of or 16t l+oo#" Ehls meanp 17 ,750#1il., sheat,

and, 45r300#/on bearlng' !bege valueg ar€ 'tr!ghj'
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but a,Jt bEyond thg sle6tla ll.rnlt. B'¿trpr6ylou6

to thts gost¡ !hê Jo!,nt rlthø'aoatít jJ,000,f in a

rltp. ùost, ltr nbtch oaeo, oltirel the porcente.go

of loaê o[ thls rtv6t r[ust have ttropped. bslos

[$ eay fo 35#, or else tbs rlvet oå?rtÊat

2Ie00#, oqìrtvelBÊt to aUI{OO#/trr shear" anil

52r2}t# lÊr bearlng, ôhe lattsr bolng boyond Èhe

Elastle 11nlt,

3t¡rca tt¡e Jolnù olroweô no slg¡r of

fatlura ¡ 1t le âssr¡ü6d. flrat attìler ôhe valus

of the rlvot ltr frtolion aåêsil to lts bearlng,

anó shoar vaLuo gavo otf,ongth ono ugìr ôo carz"y

ti¡s 1oed' çlthr¡ut oxbeeólirg tbe olastlc l,lmlr,,

o¡:r th6 rlvet ¡ilold.oê sufflclontly to pås,s €l

part of tÌ:o loat1 to other ¡lv€ts¡ Shtoh

conditåoa oxll*ted te d.lff lcult to:ray, and.

hard.êr to lrovo. ln thte eonneet,lon, lt hae

beo¡ shown by other lnvastlgatore tt¡at *þ po**r-

ô¡lven ¡lvets havo a, value of about 8OQCff trr

frletlon, r¡nd thle inay lncrease rål:ci e¡' f e"vor¿rble

,ir!.vlng co n¿ll tlo ns,

Íhç flnal leet of til:o ÉerJ.ês çr?,$

atternpte6- o¡) Êpr,clmen rCn, â1ong tho sar,rá
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gsns:ial 1ånos aç thoç o li-,stc Ireri'or¡¡1eù orr

Spoclnlens lr¡ll ¿i1d 1r3f,. Ili ç¿s .Beerr âfter thê

te6t thê.t roarS.tnSo on ûtlÊ plele eÌ:olae1

comprÈsslon shlch tÌrcr:eaÈed ÐÊ *l-r I' applled.

te:r:*lol: i,oed. lncroeçed, Ih1o cuggeetedi Ùhat

the m*'choô o:t' l,1o1år,tlnÉ: tb.e jolnt 1n the

tersting machlue rrês at f au1t, l. o* that t1:o

e trnpo wers f orclrtg ¡€.,ndl 1¡3 in iô rrLÈ ;olrrt,

I¡, c¡therr rlorC.$¡ ths tect *gs of, rio u.ß€) l:t

tho pr esi'ttt' cot:nc clLo'ri. the readlngs hÊ'vo

beÈrx gr.t'e!i, to ahoç the f ault, but nothlng

f,urtbêr dor6. TTith thte type of mounblng

ln the testlnË nâdhlne proYon uEalBFst tl!erB

rro.s no othev conve¡]lent fir.y of, c1e allng wlth

tho oBecltnon"



%

å,wq.å&I*¡agt _".c 01t g& u Ë_Iq gå..

!.o1lonln€i 1s a summ¿ry of, the prltici.pal

eontentÞ of thle Bâper¡

(1) Â gsneral outllno of some of t'he

developnent* ln tbo fnventlgetlon of rlvoterT

s'¡ruct'ri.ree has b6en glvû$ ln brlr'f f or¡a¡

l2l li rlvetod. plate Jolnt hâs been cousld*¡eñ

ss ê ðtstloally lnêot êrnìlnfìte elructtrre, anrl e

ßerlÉF of equ6tlonÊ hsvç been rleveloped for one

type of, Jotnt by me¿n{¡ of tho Method of Le¿et

1'ío rk, glving¡ the 1o ar.å's c¿ri:leó 'cy eael: rlvet

l¡i. ùhe jof rrl lrr terBlE of s. quatrtlty rll(tt *Ì¡lcb

cieperrd-* on thê li-iÉrtlt: er ln rÏ¡ïch r:orls ls stor*d

tn, or !y the aciåoË of ihe rtvets.

ß) l+ êÞrlâs of i6slÉ have 'úean tn6êe on

ïu-tt plate Joints to lnvootlgato ls11!lrr artô to

ô.eterro!ne the etrees dlctrlbutlon tn lhÊlr

correr l¡lêt eÊ Þy n6anf, of roadlngs laken on tbe

surfsoê of the l*tter. Ít çe'e sho$n thÊ.t É.-o

extonto¡notç'r ree.dlnga avorageô gav6 rl t'ßtler

Ìesult than onE slnglê rea&tng at any locailon,

on eccourt of, lnttt¿l !er.ôlnê ln tho I)lå.teÊ âàd

o ther pos'elble factors.
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(tl) the Èests bor6 out the theory ln that

ühe end rlvetË of, all groupß of rtvoto
lnvar la'o1y oar¡: ! ed. larg er part e of, tli e to t a.il

1o¿¡i than the l¡tner rlvote. t'ht1e the

d.iËt¡llu,t lon of load. wae not u¡r,lform, nor eì¡èrl

oyrnmetrleal ln e group, lt-was lr:dlcated, buå

uot provon that fhe d.rtvl:rg of t,he ::tvefe

would be e great f,aetor ln det errnlnilg the

proportlon of loait that oc.ch roul6 bsêr, Ê!nrje

{:l:e l¡' r'a}ue J,:r f,rlctton d.ope,nóed ûlrectly on. t,hls.

(9't fi tthln tber Xlntlts of, the obeervetlone

l',eretn rêport6ó, i.t rouLci âpTreer tbat the strc-rsß

ln the eorêr Þ1ât€e of butt-p1ate jolnts ls

some$hêt decreaseô ln ths reglon lylng Bweea

rlvetc ln tbo sa.no llnol, 6[d. on the samo sld,e

of, the opl1co, as compared to bhe str6ss ât

other pol¡ås lt th6 sauË croã6-sectlorì of the

B1ãües. Ihat thls ls to te ex¡ectød he.ß beea

polnted oul êl-ÉÞçhêf,e, aDé þos been 1¡orne out

by Dr. oyr11 3êfho.

1. In thlð d.lscuselon lt $11L le ¡,ssumoô ihat
e, ßf,tlr6tl of rlvets lu paraliel to the
d.trEatlon of load, ¿¡1f, ¿ fi¡sr'¡ll of rlvet,s 1s
Barallel to thê spllco llne.
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$êvêreL üecte elroçeû au l:rcle¿rgo of

ßt1'e6É on thÊ rlvet I'dno berttioc,u thç' ts;o rlvett]

Ê.åJao6nt to th.e op11ce, but tlreoretlcal

juøtlfte*i;lon on thls polnt le rather nors

6lfffcult. If þeth rlvetB earry tlrolr 3.oaô by

frletâon, *htch le lloÊÉlb16, then tbe rlvst

1æ aðs, 'by thotr cl.amptng aütlon rt11 orsrt

lênslon i¡ the leglon ln rlueetlotl, Êo thåt th6

sttrGsÉ! lrllL !6 gr4rG.të:: thoro tl¡on ou elthe¡:'

elil.s" t):ls tl:t';ory r;ol'1ii ru3r1:ort ih c¡ çtf c'sseg

as o!Esrvc,û. lut lf we o.ssumo tbat bear'Lng

€¡rld. Ë]¡eÊr ùn tbe' rlvet ehanks ltr to te ar nost '

c¡f the load¡ thon ths st'reß8, -'s111 bo i:lgher

on. eø.ch ¡ltlo of the rlvoto, Ìtlth å' GotrB6qusnt

õ-eere3.'iõ of Êt"66s betçoe¡: ¡lvets olr ths

rlvet llne. ühls le contrery to nhat sas

otselv+tI ltr tlle preêÊnt tccte, but appoare to

lre entirely rea6onablo, espsoXally çif ter ths

Jolnts hava !e e11 ßu'ûiêcteil- to heavy loeds $hloh

r¡oul& t end. to fotcê the rlvðts l¡ito cont act

wlt,h tbe holo çeÌls.
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(6) Ona l11uâtrailon 66rred to suggesà

that rlvets r¡l: en 1c¡ad.od. to tl:olr' 614Êtåc llml t

es ehorn by calculat oé v¡;lues have tr¡o

possl'oXe act!one, flret, reslstlag the load

rlth the heIF of, frlctton o¡r the surf,ncee of,

the merûberB helår anó. aecond., yto!"dång to the

loaô untll othar ¡lvet¡: l¡¡ the group beo.r

e¡lou€h load. to relåsve tbe oÌ'er-etrosneC. rlvet'

-.' ./)

-'ðt-db¿'uu'-z ,-- :'* 
¿&þ'uL¿ //ü'"!f 

'



lost måd€ to d.6tÉraln6 sLtp or I rlvots. 6o

L,oad l¡e¡easlttg * read 4oøn. Iro o,d. ô.êcr easlng - r eaô up.

Av6râgo.Loaê Readlrrg-on Roaéing on Avê¡agê. I¡o ad. Rearllng o¡ B6âillng on
Iés-ei¿l^- 4d€.e-g¡.L.- Eêås_llA1.: ¡gee-ÞL_

\69
þso
lig l+

509
520
,3L
5l¡o
516
576
576
586
596
606
6rr
6zz
6zz
6l+ó
6so
6Et
66k
6lo
6lt
5gtt.
6gt
6gø
702
706
7lt¡
7L'.|
72t
725
728
712
737

lil
7l+g
75\
712
752

ool5oo\3s1r25toIçr
39352rl+61+g 14 r+ 5\o lilerI t9 I -frc 

\s92L P, 6 ,61 5oo29 
'2 

7 579 ¡u18 59 I 590 
'224'l 48 9 600 4ze

,l 57 10 6lo s\¿68 6l tl 6¿t Éçr
78 78 12 63t zø¿91 9' 1' 6[¿ ,70l ro r¡6 rl+ 6t+9 sgol;3 iti ie i?3 ZelUs ts6 17 679 6oezol alo ¡.9 6sg 6tleaT el\ 19 69b 6zoefo z1g zo 7oo 6aB271 2s¡ 2t ?0? 61\P96 tou za Trz 6\e,18 t2É 23 7t9 6491\t 1W e4 725 658

i2:, iïz ""2 i1?, 
"i"

r+rp uzo 27 lrs 6lZ\lt 4\r zs i\t 66e
t¡s !6t a9 i\i 66s482 490 jo 7r9 6ge,o2 ,r2 ,t 7r4 697,ro ,t9 ,2 Tr7 700,50 ,6\ 35 7r7 10',75 

'8F 'r+ 
76\ ?t0t88 q04 3' 77o 7r76za 6l¡ 36 772 lao6r+s 66t 17 77, i zu

6s o 6eo i'ê i 6:e i [oto, 72o 59 769 7157r, 7r2 40 769 735

10
210
tt64eo
,256to
7. 3'641
95010 58u66

t2 78rJ 10014 r22r5 l¡le16 !2
u : lglr16 219
19 z\eâo 269
el 291
22 t\l23 tE2\ 36oè5 t8226 \olle7 \zges 4¡o29 4lr
30 4gg
37 

'2tt2 ,\9t3 ' ,1234 
'97t5 6zt

16 6u9
J7 675
3B 7oot9 71'40 . 769

Ihe loatl glven ls ilic p.ctua-1 tot¿r1 J-oe.tl on th6 Jolnt 1n ühoueand.s of
pouaals, andl the r€ad.lngs ê¡€ mêÊ.ßursd ôeflectlong flon a ste.rtlng polnt a!ol€ t,hou¡aBil pountlg loaô, sborn ltr o n ô-hundr ed-thous andth s of ån.l¡eh.
llhere are ao rgvorsê reaêlngs, 6lnce n jolnÈ sllpe but onoe.
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Eost naôe to åsterniae sllp on ! rlvets.

I¡oad. loacllng on 8oaêlng on
ldgê Å' Edêe l'

1

5

10

15

20

23

2'
2l
29

tt
,3

3'
t7

t9
l+r

\l
l+5

4Z

\g

,L

51

¡verage of,
Reaôlngs.

0

t2

2t

t1
46

,5

58

5l+

68

714

t9

85

92

109

Ul+

r62

20r

2\5

2 Sl+

1t3

191

0

9

r6

28

4o

50

52

59

.63

69

74

s0

É6

101

te7

713

191

229

25t

to5

173

0

r5

27

38

5t

OU

6\

66

7'
't8

gl+

90

98

117

lli1

17 I
210

259

tL8

76L

llrl
lIh e Ioad ls elvon ln tboueanils of pounds, and the resdingg

are ln one-bundroô-thousanôths of an lnch,



GZ
. Reaêlnês n eoo rd.eil ln Íesù I å1, SpEel¡nen ll.Àf , t,ace ilo. l.
oslùlon Appltstt loed ltr thousands of pountle .

of
ngtrrt. 1 3 , 7 9. 11 U 15 17 19 2\ 25 25

lhts eectlo¡ te.ken to ilate¡ntne the notlulÉs of th€ conùr€ plaüe.

s€ctlon 2o Taken betFeen !he tço rlvete farthest from the sollee.

Ar loo 90 82 7,9 77 15 ?4 7o 69 6F 61 q9 ryr; roo 76 71 6s 64 60 5.9 ,7 ,5 t4 ,2 2\ ?gi: 133 åz i2 ltr it 'ç3 Ei 8? ;7, Ei Eà åi ez
;. loo sa it i¿ 6g. 6t 6I, 62 61 60 ,2 52 5'l

Ë: iiå Li !à i2 ig iz i¡ ?3 zs eË u ',i z\

26
28
27
2t
3o
29
25

oTlortll¡o 2 5 gxo
05810L?ot6Ë9
06sll L3
0781rt2
o'.6 7 9 11

A.
3.
0.
D.
E,
!';
0.

Â.
Þ

0.
D.
n.
T.
e.

tg 19 20 2t 22 2l{ 27
12 t' 16 20 21 22 25
15u1920222t25ri tz rD 17 19 2o 22
t7 19 2t 2t 25 2F ?9,t5 r! 19 20 22 24 21
lâ 15 1É t9 2o 2t 2\

t+I
,o
41
4a
l+¡
l+z

t'l
2 a¡d 1.

Sectioa J. llakon bet¡seen the tno rlveùg nearast to the spllce'

lhe ltgtiumênt posltlonB I, 3,.G, -- eta.' are abo€n on Platee 1'

o 610 t5 19 2L 24 28 tL t2 ¡l 29 22ó ¡ 9riL, 19 20 21 ?l 2e tL l1 2!o'6 gttLi ri 20 2L ?\ 2'l to t? 2l
ó ã g:s:.: ii t5 1q 1? 20 20 2t 2\
õ ú irc rl ii fí ig zo 20 22 et+ 28

ó I ile r[ r-s 20 21 2t 2, ?1 29 2?
õ f írola 15 18 20 ?2 21 21 29 tt

Seot!on \. l!êken ôlrectly over the spllas'

o z 6 g:r2 15 19 2L ?\ 28 11 7ló á ircv fe eâ ?7 ?2 rz 1? 1?o ã i ro t2 fi 20 ?? ?9 30 t-\ t-e-ó ã I lg !? rå 20 2, ?'t 1? 1tç 13o D Örr15 19 22 z6 29

o'6 irrr? ii ?? ?9 ?9 1\ ¡l 12
o i Éioii 1i ig 2t 23 26 2e tL

¡.
3.
0.
D.
E.
l.
0.



ê1
BêâûlngF E€corôea ln test ar, Specin¡sn t Al,. Saee No. 2.

Àpplted. L,osd. ln t'housan&.q of Bound,s.Poßltlûn
of

I[strrt. 1 ] 2523x9L3

77
89
É2
6g
85
88
8t

r?

6l
75
77
7B
73

1!
Þy

'lR

71t-
81
17
61
19
B1
75

11

87
9fi
B9
93
9L
99
8S

.A¡

3¡

D.
l!.
F.
c.

19
97 90
101+ gg

99 9\
102 9g
loo 96
10\ 1ol
99 9t

61 57 jr tl6
61 6r ,D l+s
64 ,9 ,t 4E
68 6z 57 5J67 60 Dj 49
7L 64 59 

'36e 6l+ 49 4l

100 10e 101
100 110 108
loo 101+ LOe
xoo tto 106
100 108 104
100 1:.r x09
100 xo4 10e

Seotlon 2. Íakan betçeer¡ thr¡ tço rtvets fsrihsst frorr the apllce.

Sectlon 1. Íahea lôtrreen the tso rlvoSs asareEt to the spllce.

gectlon 4, Sakon d.lrectly ovår the spllce.

¡. o i-1 'o o t 2 3 4 6 I 9 10 11
t. o-l+*J*l o o o z t t 4 6 1
c. 0-l -2 -1 0 o | 2 , ) 4 4 6
D,00112t314\566n: o-z o r. r e 3 ) 6 't, s 910F: o-e o r. L a t ! 5 q I 910
o: o-1 1 1 r z 3 \ , 6 1 910

21 2, 27
2\ 27 29
âr 23 2'
L1 16 17
19 20 21e6 ,o ,r3L 

'5 '7

t7 \¿ 46l+l 46 \945 47 5tl|0 116 5r\¡ 49 51
39 4a l+l
t6 41 t+¡

.A. o -2 -1 0 ? 5 8 tl 15 20
B.00I4ç9lLL, 1g20
c: o o 1 a \.7 g t4 r, rs
D: o:2 *r o 1 a l+ 6 9 1l
a: o-1 1 1 3 j 9 tq t2 16
s.oo1\6ro1l 16eo2t
c: o z l+ 91r rl{ rI 2t 2F 29

Â. o 2l+ 611 16 19 e4 28 t2
r. 0 lr 8le 16 2t,2' 29 

'\ 
38c. o I 61e16 2L 25 1L 35 41

D. 0 2 4 ?11 1"5 2a 26 11 t6
r.o771011 1,824 193340n.02,s11 1520243A33
0. a 3 5 911 15 20 24 29 t2



n6aall]gÊ rscordçú ln Íest fl3ttr gpeolmg¡ lr¡lrn Face No. 1¿
êaug€ ploce lcvsrgerl f,roIù pooitlo! ueeô ln ÍÈst ItAl.

¡osttlob ÀFpll€it loâd. ln tbouêaaós of pound.e.
of,

Instrr t. 1 3 , 7 9 1:, Lt x5 17 19 21 At 25
lhls seeùlon fakoa to ðetarmlno the bíoðulus of, tha oentre plate.

À. o 10 16 rË ?0 22 25 26 27 29 10 3L 323. o ls 22- 24 21 
'o 

1L t1 15 t6 3s 39 \1
c:. 0 rk 1:7 20 2L 21 25 27 2É 29 30 50 3tD. o. Ll 16 18 20 21 22 2\ 2' 26 27 27 29
D. 016 2Q2L?.3 26 21 29 30 

'o 
3t 

'2 
1\r'. 0 15 19 eI 2t 2' 27 28 10 30 31 t2 t¡+o. o11 x416xg 20 2L 23 23 24 26 27 5o

Sectlon 8. Íaken bet$eeh the ttro rtvets fartbest from tho spllce.

Sectlon 3. îaken betseen tire tno rfvets Dô¿rtest to ths spllce.

* Sectton !. $aken ôtrecti¡' oo*" the opllca.

A. 100 s0 72 69 6lt 6r ,9 56 5l{ ,2 90 49 \9
3. x00 78 7t 65 64 61 60 51 56 53 51 50 49
c. 1oo 78 ?g 6é 64 61 6o 60 6o D9 jj 5\ ,7D. tor, 79 ?l+ 71 6s 6n 6z 62 61 60 6o 

'9 
5i$. 100 60 11 70 67 61 6t 6o 60 ,9 57 

'6 
Eçr,, loo 79 12 69 6a Ø 6o 60 59 57 55 5\ t2G. too 8o 7b 71 69 6¡ 614 $ 61 6o ,9 ,7 iS

À. loo 't9 72 6"t 61 60 56 51 þS \l 51 t\ 313. loo 7' 70 66 61 59 
'5 

50 49 \1 40 3' t20. 100 78 71 70 6s 65 61 60 56 51 50 l+7 46
D. 1oo 78 ?¡ ?o 66 66 66 64 61 6o 56 5ll 

"a. t oo 79 7lt ?0 61 6l+ 6o 5s 53 50 )n lrl t9r'. 1oo ?l¡ 70 65 62 ,7 ,2 l+9 45 40 ,s ,4 32
e. loo 15 69 6l+ 61 59 54 5t 4s }il+ ¡{o 36 t\

loo ?2 61 58 
'2 

\7 t9 
'\ 

10 2r r4 10 6
100 T1 6n 6o 55 49 ¡{2 16 3o 27 22 19 15
loo 70 60 5l+ l+9 }+1 36 ,o 24 20 L3 7 r
loo 7b 6'1 6o 52 \E 40 15 30 22 18 tt 10
roo ?ll 66 6o 54 49 41 79 3\. ]o 25 2L 19
100 80 7o 6z ,7 53 49 r+4 39 35 to 27 23
loo 60 ?o 6, 60 ,i 50 l+6 l+1 39 33 to 26

j..
3.

Do
¡.
Í.
G.
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eadlnge RecortleC. ln gest tr3tl , Íi'DeclrnÊn rl¡lr. i'ece No.2.

Gauge !lere e rêverßsó f rorc pocltlou ueed. ln Tegt. ll .f¡í 
"

Posltlon .Q,ppltec. l.ocå llr thouset.rie of pounrlr.
of,

rngfrfr. 1 3 5 '7 9 11 1.-a 'r5 'L7 19 2t 23 29
lhlÉ Ë6ctlon take$ to d"etermlne the l'{o d-uluç of tbe cettrs plai*.

t 9 t?. 1.8 2\ lo t7 \2 Þ7 F8 6e
*2it10x7222936\24953
-z 2 6 lL L3 19 23 29 ll+ 39 l+6

*1 7 9 t3 20 25 30 3'l 42 4s 52
-7 ó i g tS ls 2J 30 77 Ltz tÌ9

-1 o 7 10 L7 el 28 13 40 .47 5-L29L220253L19435r1862

-t.6 -r.8 *1T -16 -1)*19 -16 -1i *7, -l.fi*.1É -J"7 -16 *15 -11|
-1É -L7 -t6 *19 -l.h
-15 -13 -72 -r-r" -r.0
-15 -t' -11 -r.0 -9
-\6 -rj -tl -to -9

-8 -605
810

16 20
11 16
11. 16
15 20

À. 0 -203. 0 -19c. o -16D. 0 *15
s. 0 -12r. 0 -1I
G. 0 -10

À.00
8.0-S
C,0-8r.0*7
Í. 0 -10
1.. 0 -10
G.00

Section

Seetion

.û. 0 -15
B" 0 -19
Õ. 0 -19
D. 0 -. ¡.8
!" 0 -17v. 0 -19G, 0 -19

5ecùton

*28 -28 -28
-¿\ -¿\ ¿¿é

-az -p:2 -P-r
-2L -20 *¿0
-rß -17 *15
*1.9 -18 -17*r.g - r6 *15

-28 -26 -24 -2r*21 -2L -19 -rB*20 - 19 - 18 -16
-19 -19 *19 -r?
-rI| -\z -11 -10
- 15 -13 - 1r. ,10
-1.3 -11 -r9 -9

-r3 -\2 -10 -9."L2 :11 -10 -7
-le -1r -1O -9
-1.? .,12 - lt -10
-9 ;ß -7. -lr
-?-5-2 1

-1 -3-1 2

-1â -10*7 -3a3
911ts
38
I lL

!. faken beltieen the t$o rlvets f,arthest from the splice.

A, 0 -203. o -200. 0 -20Ð. 0 -19
fr, 0 -lbf,. 0 -20
G. o -19

-22 -25

^í
*19 -19
-18 -19
-2L -2L
-19 *16

*18 ;18
-2O -19
-19 -19*19 *16
-Lï ;1?
-18 -1?
-19 +18

-¿ I -¿ê
-2\ -2\
-20 -20
* 19 ;18
-2Ì -20
-19 -tg

J. laken bett¡een tho tt¡o rivots nearðst to the spltce.

l+. Iaketr ûtrectly ovor the Épllc6.

-2r -2I;20 -20
-20 :19 ^I7 *15
-15 -r3 -ì0 -9
-14 -11 *g *8
*12 *1r -9 - 7*l.r *10 -9 - 7
-10 *9 -ß -5

;19 -L7 -1b
-12 *10 -g
-8 *6 -2
".l¡ *1 2
*\ *2 1

-l+ *1 0
-201



€ê
ieadtnge R6cotó6á {n têÞ'b $0$r $pèc1rús$ r.U,, trscs No, lF

Posltlon. App1leô loait ln thousand.e of pounrl.s.
of

rnsrrfr. L 5 9 11 17 2l Ð, 29 t, 27
Sectton Ê. faken lretçeen ths üço rlvstE f,artheet from tbe spllce.

Taken betwoon tl¡e two co:ltre rfvets.

L2 t3 t3 le L2 L3 t' 14
lb rl1 L3 17 14 14 L5 17
r0 \3 t3 10 10 Ia L' 1ê
x0 r.2 11 11 1? Ìl \J 14
10 11 11 10 10 xl r2 t3
911 11 11 12 1l+15t6
81776689

A.09
!"09
0.06'0.06
x.a5
5'.0ç
G.0b

Seotlon J.

10 Lj Ì6 t9 ?1 e6 10 51q li 1ll L7 2o 22 26 J0
1ó t2 t\ 16 19 21 2\ 28
q10Ll 12t5 192023

10 11 t3 15 r7 2A 23 ?6
10 L2 r.4 u 20 22 26 29
10 10 11 1\ 16 19 2t 24

"3 
if

28 1220 2327 to29 1\3t 17

A. V ù

9.0?
o. 0 6

r.o7
$.07
t.o8
$.og

s ec t lon ll.

20 2\ 27 3L
19 22 28 33
1l 77 2a 23
10 r.2 15 1S
r2 15 18 EL
r5 16 20 23
19 2o 2, 30

NotB! lher'e v¿)s Þo sâotlon ! taken over the
spllce, slnce thç seãtlon ll of Test ll¿ß foz' the semo 6peelmcn ras
taken there. The values o!ùalnoû ln the ter-''t ¡'ieutioned rt1l be

used. ln co¡Jtxnctlon ãiiU t¡u ¿þ6s6 r¡pLrr'eÊ +'o gir¡€ the ölstrlbutlsn
of loaô over the varlot'6 Eêctlons'

Taken þetr¡een the tño rlvÊts n6&¡"ost the epllco.

Âr o
3. 0
0. 0
nO
$.O
t'. 0
G.0

10 X4 r7
10 X.2 1t
?10 10
?10 10
7 10 Lt,
9 rLO 13
8t2 15



I oad.tngs recor6så i¡r ¡nesi fl 0f, , li pecimsl ll¡lr. Eaoê ¡To. 2.

Po sl tlo n
of

Instrt t. I 5 I I3 Z7 21 25 29 ,3 27

Sectlou 2n !aie on 1¡ots,:en 'uhe lvo rlvetE f arth,:st f,rou ths aplloe.

$çotlort ], Íâker¡ ¡êir¡aen tho trro csnt¡e r1.¡ets.

o-2 o 1 12 19 21 28 32 15oot9162128tL34J8
o35Ì1 2025593\1941
00291521 26 1012 17o1510 ls2t29 123640o \ g tl 19 ?-1 29 32 1'l l+o

o 0 l+ ro t6 20 2l+ 29 13 17

4¡ t+9

46 504o 4l+
41 4¡\¿ 4s\t 5r4¡ 50

0171)+2L?-gt2
0r815?-t?.93\
00411 192t10
o21L3 1g27tt
o27tt2027t2o39162230tçot91?â1 to3\

Â. o l+ r.r zo to Uo l+S ,î 6¡ Z13. o 2 I 17 ?-5 1, l+2 50 56 6J
0.o281?24 1240 l¡75561
D.o16t3?026 lLt6r+e48
s. o 310 ¡,s 26 31 41 50 58 63
¡.. o Il r.L eo as 31 44 j2 61 70o: o 2 lc) ls 27 ,, l¡z 50 58 63

å.
3.
c.
D.
r.
3.
0.

À.
3,
0¡
DJ
s.
I'
0.

l3
1\
36
38
41
Uo

Section \. Eaken bsÈçaen tirs trvo rtveùg nes¡sst tbe epltce

Seo troto o¡. Sot ìlo. I regarillng Seotlon !.



G8
$Ummar:X"' of Ï..ôêdli ngsr takan on tb¡oe r'lvets.. SFecimFn lt,Àlr

!!ssf fl itlr

Nêt I¡oed. Sectlon

0
¿

4
o
ö

1,0
l2
14
16
18
20
22
2u

0
54

L10
r62
205
218
30?
15\\ol
\m
510
,59
606

0
36
72

10â
139
161
196
22'
2_12
295
t52
36s
39l4.

0
2
4
6
g

10
L2
14
IO
x8
20

z\

0
47

102
1l+9
r 9l+
25L
502
¡r! b
\6s
4¡g
5L5
50Y
621

Íesàs
0

3'
68

100
llIl
L65
200
233
266
a94
359
315
405

0
2
4
6
s

10
l2
14
r6
1ú
?o
c, {-

2l+

¿.

0
¿\
\g
6ß
87

110
130
L53
LTz
rs8
201
¿\t

eli
!est llBll

0
L1
,t
67
87

111
t25
136
157
u0
192
210
229

Àveraêe rosults of
o

1g
5r
67
87

110
ta7
145
r64
u9
199
225
258

l+

0
4r
l\

r1,"1
tB3
z\5
298
¡qI+
[óe
460
52t
579
640

0 |ll aiì{ lt!fl.

3
0

1'
6j
99,

r29
r,6si
205
a4r
2go
293
t\?
382
t+r6

t,

0'lr
IAgj
r 78,
21\
2g¿
3\T
[o¡
509
,09
562
6rr
6n

73
11,
167
¿\i
290
35L
199rlr
509
577
628
681

o
72

trz
lBl
É) I
zgt
3\9
402
\re
509
,Þo
6¿o
669

tbEn6t}oadlggtvgnl¡rbhr¡useadsbfpounôs'an4t,lroroâdln$É
grnãn *"" t}r" .uu"águ of 1[ '"aadlngg takên st tb6 load and sectlon
în¿ioate¿. lbus tlt¡ avErage of 8eÀts llAß êtld fi3ll ¿s actually the
;;;;;;;";;28 read'lngs for !i¡e semÊ csÉtioi'r a! åho load shorn'



êa

Posltlon
of

Instrrt, I
îht s

Aêêôtngs n6cord,ðû ln Eesà llAtt, $p€clnil6n 113fl, yâcê No, 1n

Applt6d 10ad. ln thouea¡d.a of ?o'und.sr

,911 172L2129t3
seÊtlon tâher, lo éêiertr¡lns t'ho lfodulus of the contr€ Xrlato.

A. loo 9ll 90 g1 82' 79
B. loc 9\ 90 s7 €'2 s0
o. 100 93 81 84 82 79
D. roo 96 92 S8 s4 ß1

1:: 1oo 9a sg 86 sz so
r, 100 97 92 90 85 61
0. 100 9"1 92 19 87 81

II
78
v8
79
77
79
80

Tt 67
71 70
?}t 69
15 7173 69
17 71
?4 7t

,Ar

3.
0.
Ð.
$.
s.
G.

A.
l.
c,
D.
E.
3.
e,

Ë6ct1oü Ê. Faken bet$esn th6 t.r"o ri.?eie f,artì:esrt f¡om the øp1lce'
xoo 96 92 91 s9 *9 s9 89 90loo 97 92 90 69 .Ss s7 87 ß8
100 97 92 90 89 68 8B 8s Bs
loo 97 92 90 É9 8s s8 ss s6
ioo i6 go ág ss s7 8t+ sl+ ßl+

1Oo 92 B9 87 84 B2 82 gX el
loo 97 94 92 91 90 89 86 88

Soctlot 3. Iaken 1ò6tHe6n th6
À. 100 95 90 ß, 61
t: 1oo th 89 s lt sl
c. loo 96 90 87 84
D. 1Oo 91 91 g9 Bb

E. Loo 97 92 90 s1
3.. 10o 95 90 s7 82
G. too 98 92 89 83

Sectton l+. t"tsett l¡etwesn ths
loo 91 90 6l+ 79
100 98 91 8T S0
100 98 92 89 63
100 97 92 s9 85
100 9? 92 89 85
loo 95 90, S5 79r.oo 96 90 85 so

tFo eÈnlir6 rlvetE.
78 73 ?o 68
18 74 7L 69
79 1'l 11 7\82 ßo 78 76É2 60 18 7-1
19 75 7L b9
60 77 72 ?0

tno rlvets noè.r'ê5i
7E 69 60 67
75 69 q 

'-e79 72 67 917q ?ñ 71 b8àó it eg 6e
7rl 6s 60 56
?4 68 67 5s

Sectlon 5. taksn directly ov€r-the spllce.
./r. loo 'gt 83 79 72 6.9 59-' 52 l+7ä: ióó ti si in io ç\ ,s, ,2 lr?c: rc,o gf s\ i'8 ?o 6.2 ¡s ls 40

;: iôo io 82 iti 6e 6o ,q t+'t tto

1r. roo s2 85 +à ió qa 56 50 \o
Ë: ;oo éi ú ió 19 q it irg t+t

o: ioó g¿ ss 82 77 ?t 62 51 50

the ep 11c o.



7o

Readtn6s Fecord.*d tn geEt llÀll , gpeclrôen rrlll. Iâc6 llor A.

Àpp1teô loaù ln thousenûs of pour.ås.

c ant¡ e r iv ei; s.29 15 l+o

Ta#4126 lr t622 27 3027 33 5t
30 5' 4129 73 t9

riyot'* ¡eargst to tha splloe.l+\ El 60l+¿ 61 6o
35 l+o l+ s
26 Jj 40
35v5037 r+5 53
36 \l 50

159X4 1?21 ?.r2933
€ectlon t*k¡rn to éete¡.uilno the ldortulue of0 l0 2r. J7 þz 6ó 7e 86 g?
oloP!j34659 Ias395072ø3L44177oß1 92oxaaStl\lj97o81 9a07t721 39506\7485010?a32bl.|.57?os39Jo10zL11 \596T08393

Positlon. of
In6i,rlt,

!hte
À,
3.
c.
Ð.

l'.
0.

$eetion 5, Íaken d.!rectly- over tho spllce,
o 9 r.B 26 lL( \l 52 Ql0 7 L' 23 32 Il 50 6-1-

o 9 18 2i 37 \6 57 6,6

09L72,7 15)5riq5010 19267645546'
0s162r35l+¡5264
0916e33241 5t60

ths cenlr a p lat e.

$ectlorr 2._ T.rBker¡ bstçeen the tvo rlve!s farthest fronn the spl1ce.
A.o4?tottlsal e.63L
3.05811 7't923283t
c.01610 15 18222630
Ð.04510t, 182L2529
s.o249L3 182L25 10
$. 0 *1 o l| 9.1P t7 20 2\
&.o269leL720et27

Sectlotl J. feken bet$aen tho ttro
À.o48retsa33.o39le192'0.059t2X7er0.o5710t,rs
E.04gLzLgPLr.o49r4?oe,(å. o 5 9 14 1S A2

S€cttor¡ \. $akan botrflÊen th6 lro
0
0
0
0
0
0
0

A.
t

0.
t.
t.
T
t!

I
9
5

4
l+

7

lt+ 20 28 3'14 20 27 t4gtl 2026
610 1620

10 14 20 e6
10 16 e2 3010 1? 22 10

Â.
3"

D.
n.

0.

7I+
73
7E
itr
75
7\
70



7t
8oB¿lng€ ¡ecoråeå ln fest f3flr $peclmsn llSll . 3âc6 No. 1.

Pogltlon

Inetrlt. 1

,[pp11ed 1oaô ln thouce.nds of poun&s.

6 rr 16 ?-L 26 3L 36 !r t+6

rlrnots farihegt from the spltcôr
35 \1 l+S 52 59
35 41 47 

'1 
57

37 4¡ 49 Da ,9
l\ \e l+9 52 58i9 l+l+ 51 58 6e
37 \l \9 5\ 59
71 39 4t+ \9 54

õecÙio
À.0
!. 0c,o
D.0
8.0
$.0
c. 0

n P. Eaken 1¡stçeen the tço
9162330
914e23011 r7 2\ 3L
9152t29
916?j30

1016'J30
9152027

Sâotlon J. Taken beÈneen the
â. 0 L:, 20 26
3.011 Al 28
c" 0 10 18 2'l
Ð.08L32O
E. 0 11 t'l e5
r.0r0 182,c. o 9 16 e\

tço rlvets sêeonê fsrihèët frot¡ the spllce.j6 l+¡ D[ 6t 7o 76
37 44 5l+ 6¿ 6s 77jb \z \9 57 6¡ 7oP6 32 39 4¡ jt ,6
3t l+o )+6 j, 6o 66
12 \o 47 5t 61 68
ta 38 ll,r 52 58 6r

the tro rivele saconci fIoarest to ths apllce.
29 3s \6 56 65 15 81
2736\Lfi6z7rt9
a5 32 )+r 50 ,9 6¡ 7227 28 1' 42 50 57 64
2t 30 16 4Z 5l¡ 62 7023 30 17 46 51 6x 70a\ 7t \o 50 51 6l+ 7r

section li. ã¿rken bEtçeen
À.o11 ?0
3¡01020
c.011 1g
D.010 15
s.010tb¡'. o 10 t6
ç.010r7

Ssctlo& 5. fakon bêtT?êen ôhÈ t$o ¡lvots -nearsst to tho splloe.
Â. o -10 20 to t9 5q 6q 19 81 91t: o 10 ao 29 ,6 l+6 ,6 66 t-1 s7-
¿: o to 16 z\ 3t I¡o D0 59 69 76
D: o 9 t4 22 30 ls þ¡ 53^ 6.? 70
¡.09:.r2].19784sr-66471I, o 10 rd 2, 34 l+¡ 5t 6-t 7t 81
c. o 9 L1 2?. 30 rl0 50 60 70 g0

No I ectlo n ç€.s
r saôings eere alreacly
r êeêlnêÊ are comblnoé
necesi'ary r1ata.

taken ôlveetly over the øpItce lu thls tootr slnce
taken at thÊt Êectlon in tBFt tlÂí¡ Íhe latter
slth thoss glven abcvs l¡r oråer to produce the



17.

Bearllngs Reaorôêô ln Íêst rrSllr Speotr¡erì ltBB. l'ace No. Ê.

!ositlon
Instrlt.

¡-ppltsd. Lo¿d. in thouss-nd.s of pound.s¡

1611 1621263]-36Ull+6
Seatlon 2n Íeken l¡et¡rseen th6 tffo r196ts farlhest f,rom ti:e spltce'

.å11 tho tër,,úlnÉiÉ ln thlÉ 8ee¿ion are n ogg!'!!-q, lnêicallng conipresrlon.
A.o2t34!198s3.01O223r6'l 7

o:0212,23r111î: 0101o214r,2
8.o1000e2rbb
¡'"01O0012222
0.011172.2132

Sectlon J. [aken bstfrðên the two rlvôtB ßÈeond f,a¡'thest frott tho 5pI1oê.
These reaôitlgÊ a:"o posltlvor êxc€pt rh'ero thorn'

À. 100 -1 99 9S 97 94 92 91 89 8l
ã: roo roo 97 91 91 89 87 q, q? 7.2

o: loo too 98 97 9' 93 92 ?9 q2 99Ð: roo t"oo 98 97- 9, 92 92 91 99 q9

r: loo loo 99 9þ 9i 90 89 qq qÞ ql
r: loo loo 97 94 9x 90 gs B! q\ ql
o: loo too 9s 9, 92 90 90 89 16 s4

s €c !ion l{o [akon r]ûco11d. nearegl: to ùhe spllao'
64 so '11 12Ê6 82 79 758E s5 8? 79
92 90 S9 87
85 81 79 77sl 79 75 74sl 79 75 71

A.
3,
c.

1oo 99
100 r00
100 100

1¡ e ts een the tt¡o r{vot'e
95 92 90 sl
96 91 90 8S
97 9[ 91 90
99 97 95 93
96 92 90 68
94 g1 88 85
95 91. 88 85

near eet fo t,ho ePlicet
70 66 61
75 71 68
85 82 g1
89 87 8'
84 8e 19
7É 72 69
70 66 60

b otft é $n the
81 81
90 86
93 90
9\ 91
92 91
90 s6gs 82

D. t 00 10e
ü. 100 99r. 1oo 99
0. 100 99

$ectlon 5. f aken
À. 100 9? 91
3. 10o 99 93
o. 100 10o 91
tJ. 100 99 97-

n. '100 99 99
t. 1oo 99 94
o. loo 98 91

tro rlvsts
?8 118a 79sg 66
90 9089 s8
64 81
19 'l'

See f,ootnoto on set llo. 1 of thls tert*



73
Sunmary of dlatrlbuùion of loað betçso[ r[y6ts f,or SpeclrneR íAtr ¡ j rlv€ts.

Lo¿rô on rfvet
L2

\
24. r 4e.5
48. 1 L1 "1\r" 4 ar.6l+e.4 zr.\
l+J. o tg. 4

'+0. 
z zi.\

j9. o e\.6
38.6 23.)
37,2 27.3
37.7 27,5
17.5 28.2
31.s 2'1.2

a j6.7 e9.3 rt+.6\ je.l 17. o ,0.96 \9.6 ee,6 z1.s
s !7. j 23"o 29.5

10 44.8 23.1 35,5L2 \3.6 25.1 3t.2rl+ \i,P z\.9 lt,g16 \2.4 26,6 lr,o1S 40.8 2ê.9 36.3?o 19.1 26.9 33.\22 uO.g 25. O t\.2¿\ tg,6 ¿6,\ tr.o

!iêt
load

¡lÊt
!o aå.

Net
I¡o aô.

4
I

14,
16
20
2l+
28
^t1

Foet ¿1.

tercentage of toiàl
L21

\0.4 8,j 5. o22.\ 26,7 \, l
,\. I tl+.2 1.5
39.Ê L5,3 ,.5
51.1 15. ? t,L
tt.1 t6.1 5.1
,o.'t 16.3 6,t
29.\ 18.1 5.929,3 lB.0 5.9

In alL cases Èbe ne", 1oa4

9e¡contsge bf total load, on rivet nurnbor
rÊ3\1

52.O 11.8 10. B 25.\ 18.2
50.6 10. g 11, g 26.8 Ie. 1
\9.7 9.3 1r.9 29. I 40.6
4s.o 9.9 tl.t 29.0 18.0\1.8 t7.l rx.6 29.5 17.\
)+ã. s rli. \ 11.6 zg,z 5i.\t+r.6 r5.9 1\. ? e7.s i3.939.3 1?.5 16.3 26.9 32.7

Su¡nmåt.y of åistrlbttlon of load for f lvo 'rlvot,s.

Íre st fl3 , .Av €r åg 6.

nunrb ot !
3Le

33.\ 3s.1 16.t3\.6 50.o t6.7
17.o \¡. o 22.2
37.2 u. s 2\.2
37.6 \l.s 2t.9
36,a l+e. o e\.2j6.\ l+o. g p\,9
TS.L \o. J 2r.r
35.\ t9.L 25.1
1\.8 38.6 27.2
3\.1 t9.e 26.7
35.0 3s,? e6,8

Net
I¡o ad

Nç ù,

1 4 Loa:\.9 4s. o \:
5,7 19! 5 8,

7.1 19,-5 12
9.o 36.r t672.'l 11.9 20

Lr,z 31.7 zll
17.5 29.5 28
19. \ 29.9 32

25.6 2
33,3 4
32.8 6
10.9 I1\,1 ro
31.8 t2
1\.2 r¡+
14.6 16
,1,6 16
3\.e 20
,4. I 22
15. o 2\

Sumrnåry of, dletrlbuü1on of 1oaê for four ¡1vots.
gesi l,0r,r Ëpeclmçn ll¡tl . Í6si lrått, $p€clm6n ll3ll .

ê
8.9

12 r'l
12,5
r6. l+

16. o
1T. ?
19. I
18.5

S€st dBll , Sp6clnên ltBll.

!ercontrrgo of total loail on rlvât nttmbor.
12314,

ñ

t0
t,
20
25
1o
'{H

4o
45

o 46.1
2.5 4l+. r
4.0 \3,,
5.0 4J. o
5.5 Ii2.6
t+. g l+4. I
5,1 4t.l+6.3 to. ¡6.6 40.2

ls 6lven ln thousands of Pounûs.
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Nei Lo ad.

5 Llv6t B. loet
Net 1¡o ad.

Summary of reedln¡çs tokelr on !} antl 5 nivÊt.Ë.
Ll tlvets, Íest flÀn¡ ,$poclmen fl 3ù.

5eet, lo n.

0
5s

12,
L7'
2\l+
297
5r7
hrq
t+64

s. ïoct n0ll ,
o)

t19
u6
235
lo l+

t)l
\16
4rt+
610

llBll , SpecIrnan llStt.

o
4
g

L2
x6
20
2\
2g
32.

\
lt
I

t2
r6
20
et}
2g
32
36

!+5M
00064 rP"3 roj

Ltg e28 211
199 328 1112c\ l+t+l+ \26
.z6s 556 5314¡g 67 a 6t+o
557 790 ?5I¡6\t 9rl s>g

.a

0
r+l

96
134
r?r
20ß
?-36
268
295

SÞeclroon lt¡tt.
76 102

ll+a 194
2It} 102zïs f+06

36t+ 5t544e 6e3
52t 721609 szg
68e 933

RIY êt
93
98

150
10Ë
226
267
l0r
tT,
,67

5
10
15
2A
25
70
3'
4o\t

2
57
67

1b?
r o(
233
267
302
3ro
37t

6a
138
201
271
3\3
\o4
\6p.
511
qOCr

+

76
150
22Ê
2q1-
56i
tttl?
,2\
69g
6i\

q6
16 1ll1

t57 28I
2)g \22
tzt 5634o\ 7o3\se s41
5'16 9st+670 rrp4
7jT tz65

001. 6 l,s telon ï;r tnt erÞo1Þ.tlon /rorn shoet lii !5.
Cof, 5 ÍBst tl Crr, $DÈcirl¡sn nAlr¡ Xe to.ken by lnterpolatlon from
valueb glven for t'het $ectXon ln lha Èeets for J rlvots.
lhe net loaôE gtTÊn are l¡¡ ihousar:ós of pouncln.
The values are the sum of, X\ rea&lug* f,or ihe Load anó eectlon
lnúl cat oô.



75
freaðtn6ø !,êcorêêd. tn lest ll./tlr, ,$T)eo1ìr:sn lrClr. f'ace No. 1,

Positioû
of

Insirr't. 6

.{pp11oå 1oså tn thous¿r:ds ôf 3loï.ñás.

11 16 21 F"6 31 36 \1 1+6

A.
!

E.
Í

1{.
r.

À.
3.
c.
t!,
¡.

E.
ß-

.À.
!

T!

tt
¡e.

1o cst !o n eee
17 t3
L3 10
73
95
8It
É2
62
9261

$ectåon 1.o9
09
05
08
06
08
og
06
05

640-5-8
8 I ;1 -5 -983-1 -l-1011 95O-2
9 5 1 -I+ -910 I2-2-4
7 2 -2 -'l -10
95o;2-6I 3 o -6 -10

ñoctlon P.
08
09
0g
010
08
09
o8
0g
08

I'o ¡
14
11
I

1o
lô
10
10
t1

cl

drar¡lng of 8Bêcl.rdèn fl 0llI0 1?-26o-e-,
0 -3 -9 -11
0 -5 -10 *12
0 -5 -11 -1ll

-1 -S -12 -16
-1 -g *!2 -17-2 - 10 -r1 * r.8_:e -g -11 - 1É

10 I0
10 10
10 10
13 L3
10 10
t;? tt
10 1.0
11 10
11 10

s3
86
85
86
7'9s
302-1
2-l

Sectlon l.0607
07o6
o5
0?o3o,ot

o .4 *10
0;e-6
l-2;É
2 -1 -1
é -4, Fó
2-2-8

-l+ -10 -16
-1 -1o -19*7 -10 -19

-1ll -19
- lP -t'l;u :r7
*11 *15
-11 -r.6
-13 ,? 1s
-21 -21,?)+ - lo*a}+ -3o

lhe abovo eoa.dln6s are glven ln on¡r*hunôreil-tho'"tsa:rclthE of, an
lnch. îhe mlnrrs Ê1eìn denot6e cornpteeston at the locatlcn shorn.

rj eet fl.&d ¡ Speclmon llClr.
¡ppÌloê l¡oaô 1Ð thousand.e of pounds,

Surnmary of Reaùlngo,
Sectlon. 611 16aLe6ir1641 |+6r î---î5ï*--ãe6-"*Eî9-**i"5î-"""æ7---Tã0---ärã---lõT2 o 57 9t t3' r9o 239 296 1\7 39\t o 39 ,l 1t 98 r13 Lït 187 ell
The flgures Êfven repr6sent tho sum of nlús read.lngs teken aü tbe
one sectlon on the ùwo outor platee, anô. are th'rË approßlmat,âly
elghteen tlmss $he acttral averege d.ef Le ctlon at that aectlon.



1Ç
Roacif.ngs necorð€e !n f est llAlr ¡ $peelneh It Clr. f aoe l¡o, 2.

Soettlo!
of,

Inetrl t. 6 ff
lÈpp1t a d. ¡oaé ln

16 2L 26

ihousG,ri 6. s of porrnils.

4t U6

$P e c 1¡¡len o öll.
98 7L5

109 121
r.10 \25
102 r17
96 lto
96 lro

100 112
98 111go 1.01

gectåon 2.
À.0-13.o-2
0. 0 *2
D.O-z
s. 0 -l+¡.. O ;2
G.0;2
li. '0 -2B.O-2

Seetlon 3.
J.!. O -1
3. 0 -1c. 0 -1D.o;1
!.0-1
x'.00
0.00ü.o-2
8. 0 -1

lhe abov e reariings are gft,en ln one-bur¡dr ad-lhou,sand.ùhs of, an
tncb. tho mlaug sl61n C,enotes coil:cr€Éslon et the locatton sholTn.

Éurunary of Dlstributlon of, ILoaô betrieen rlvçt,s for gpecirrien 0r.

3611

Ëeciion l. 3or lccatien see rlrawing of
¿.0r08036506¡83
B.o1021 40597690(). 0 10 2s \e 6t 77 92l. 0 10 2\ )+o 55 13 g0
$.0102a11 5666sof.092075506691
G.0102337526886s. 0 10 20 ,1 "5r q s48.o716 10Ur19 1D

061421364?56
o 1 t5 24 3Lt \l il+0 i 10 20 i1 t+l 60o6rbzti\\lEt

-1 I t0 20 29 19 l+6
o11u2t3\b655

-1 I 11 20 3L l+0 500)+L22133\l 51o3122!104tl+g

-309162\1340161¡r?J31 \olle
0411 2030 17\n041420 103s46oSrlzL5016\f
t71\20 10394616le20zgj6 l+¡

-le10u2\1240o4ltt9zs154e

Bo rY

lìjunber¡ XI

I 63.0e .11.1
3 20.3

'Ihe f lgur es glven

Itetual I¡oad. on Jotnt -16 2t e6

6s.T 67,7 60,3
12. 1. ll+. S 17,1
19.2 U.4 rs. b

6re pei"centê-gèÊ of thÉ

thoue¡-'/iûe ofTt6
6r. s ,s.9tÃ a ro "4 ,,. )2I.1 21. S

total aetual

po u.n ds.4r b6

r?.6 56,7
19. 5 20n 1
22,9 23.2

loaô inði eat ad,
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DEErßMf ![Àtrc$ 0l slrls aÍsI"qËA¡ics IN SITOÍÍD ,[ND !0L[ãÐ J0I1ìI8C'

ProfosËor l. 1lettulI. (Soe rr.!DI(llXSK f IDS]{R¡f Er, ,Ian. 12, 1924)

0ranslateô for 0. l¡ Carr'y, lJuiverstiy of Manlt'oba' Doc' 19e7'

P-a¿-!1.

tn moè¿rn pråoòlce tt ls 'lÉu411y aårnlti ed

that a streså i;rausmi!teô f,lom one plete to anothor by

a rlveè glvsg rlse t0 shsar ðì:rÔss ìtlbhe ¡ivêt shânk'

tn tblg aagE !t nuet bE essuned' thai; tire rlvet shaft ls

ln t!!rect-contaoà stth the bole salL¡ but st.th hot

rtveilng, thls ls not quLio ùrue. llhe gêneval oplolon

ls that tl:e prlnotpal f,srce keepl'rrg thê pl'at€E itr place

le tlle frlctton belleen tbs platss d'ue ío thE tenslon

tn tht rtvst Ehârik, but !n eplto of tlrls' êoslgn

oâloulailoasa¡,emailo}yboaringaoôshsar'|Ihettro
polnts of :¡1os ,1eað to tbo s a¡'ìle sonelu'el'oa' na:noly' that

iÌ¡a total cross¡sgc!loE¡al *rea of tl¡e rlvstg ts an

.tnportaatfactortnthestle:rgt?rofril'etoùJolnts'Ehts
:oonfornrity Is quito superficlal lri nâù1¡re, and tho relto

Bolnts of, vlo¡v prosenù ðlfferent apprsclâtlong of tirs

lrnportance of ühe p!€ssrrr€ on tbe hole çall' thç¡ stvaln ln

ths ssek€nêô plato !¡ith oils rorv of rivetø' auô the Bttes'ses

I n th e .¡ 1v st shafik.

Â d'lf,f ecent åôoa' whloh ¡esms to be of nore

lûpor$Êncsr usEs tlre o1d' fo¡mulae eRd Ôlsregarôs the forae

of frtctlon ln tbe cont¿ct ârea. It has be6n Eugges tðd'



by Frof. Í'c:'se13., {t.!.V,V. 1912r pamphlet fP) that

on aosountj r)r' poor rivet dråvlng tlre tengton

ú'úîôÉs6É 1u ihe rl1'st shånk arid cons€qÈently tbo

rsslstanco to sllÞ may C.rop to a vory sìrêL1 våluâ,

and. ultl¡natoly we rÂuB ir êop6nô orr thç shÊar stross

ln tha rlvets. .At iho sarne tlr¿s tt sboulð bo

polntoð out ihai frorn the polnt.of rtgldtty 1t woul-d.

be bEttêr tf a Jolnt coulC bo flad"s ln .sr-loh a nay
I

that no slidlng ooulê occur, âniì furthêr, that lt fs

nor ln ordor to try to forül sone ld.6a of tbs extant

of the ellp uhtch nolmally occurs¡ ânC al.eo of tlre

åatlon ilue to üb0 sltp.

tnvêstigatlon of thle problen hâ5 bson

cond.uctßil by Ff,of. Magne1l, (¡.1.V.V. 1912r ?amphlôt lO)

$orklng on an ordlnêry rlv€teå Jolnt, bu-t tt wå.s very

illf f tault to åetÊrr l¡1o whotl,rer antl ;r!¡en fhe r lvot

ghaft starbed i,o carry loaè. 0ne methodl of avolitlng

lnf,lusnee of ühe rlvob ahaft was ussô by 8r€noDt '

(Revue tls MstalurgtE 1910-1n p.xl!-1!\), aad' ref erreil

to ln ths çork. montloned ln conllectlon l'lth

Prof. ÎotBssll,. tsblg methoô ças to tura a rlvetoô

pLaie Jotnt arouñ6. lÌrs rlvat sheftr and thus

dât6rmlrs ti!B nornêt1t Ðoo6rJ s¿¡l'y to start ¡Lttll¡rg. lDo

accuraöely ileierml¡rs tba ¡'ssisiÊrtoð to ø11þ, i¡rêmonÞ

hâB 6upÞoÉod a unlforro Dressurê on bhe sholo cotrtact



2

areg belHeen thg Þ1êtês. i.{cw6vore 6hs astual

pr€sÉuro l.s at. its greatest olose to the rivet ¿nú

beoones snallor âÊ tirè å!st¡{¡rcg oì¡t from the r1?6t

lncreases. {hus tt ma¡' be pôËslbIs thai the va}ues

oltalnetl by Srenont ars uot qulta true. ¡urthor,

1ü le not c6rtaln firat the coefflcl.ent of frictlon

ln ùwlstlng lt equÐl to that of parallol s3.td-tlrgt

slncs tha ¿1f f orent, streEs diËtrlbut¿ôb ln thê

plates glvo,s riEe io unoqual crü3s-co:ltractlotr

çlùl¡1n thero. llreÌlontr s meti¡oó. is eerf alnly llrnl te.d.

to ertsrlrsnÈ rsli!¡ orly one rtvst st"ûos.l, I $ no t

posslble to turh lihe plates lf inore tha¡ one rtvet

i s use6.o [a ileterrnlilo !he sltp î6ËlÐtenoo ilr

multipLe rots rlvetfng l6 lr¿possIbIo wiåh thlg inotbod.

Sti1.1. another :notìtoù anC. â pràcðlcaL ons to, åvotd. the

l¡,rf Lusncs of the rlvot ahaft sesms to ino to Éltsponso

ç1tl: tha rlvÐt shåft anrl ootopenxate the lntornal

tonslon f,oxcer¡ lÏr r.lïaf s wlth oxterual eomprêssloir

foresÊ on the head of tho rlvets as shonn in ftg. L'

Srom ên 6rpÈrl¡ns[tÈ1 potnü of vlen, thlø

mothod gives ôlstlnct t*AvântaSes. f)ro sLi'p

!.ss!ctance l¡l each o) lliacb eråå can ¡6 consldêreil as

tho proêuot of, ihe tanslon strêsc F ln tho rlvet

elraf !, anâ. the coeff lolsnt c¡f f rloti.on 4' ¡tot b]nø

game r¡atorïal cen be û.ets¡:nlneå frou acéesslble óata ,



and rûay bo settlod by tho ôoat6iror hlrooalf . 0n

tho other hanô the force P óêponils ln Çondlaorstlð

C.egr.oe on the rlvetlng work, anê vory oftan fil1l

avo!d the contrel of ù'ne doslgnêrr

tn orôtnary ¡lvotsd Joluts, thr.s mad.o

var:y large ôiffe¡encog ln the resl$tênc6 to sllP.

( In 3'rornon$l s :ngasurê¡lontÈ t'ìlê rÊsj.staÈeô varíac1
2

bstûoen 0 to 1]00 kg/ cm in exaclly 6inllar Jolnts).
'8¡us the sll¡r ls ilepênd'ênt on thê diff,elonoes llr F

to lhe greatoøt ertenèr 3y $6pa¡'atl'Yrg 9 a,nd 4

we bavo an oPportuut lly to flnd lrregu.la.rlti,¡* ln

whloh conoêa1 tl'¡e large varla"ton of F Ltr e ¡.'eaL

rlvete¿ Joitti" Íhen se ea¡1 oompute the coefflclont

of frlatlotr for a oarial,il case rllblr sufflolent

aocurâcy, and by ¡nsans of e statio lnqulry lnto

qormål Jotntr rtE lÌìåy f 1n411¡' maka tho coltlgarlsolìs

of d,êtå nocÊÉsâry to flx the valno of P. [hls

proposod metho& ûaôe it ?osslble to very tha

oharaeteriÉålce destrad. on a.plete an¿ to lnqulre

lnto ùben ln rì slmpLe -'nÐnnel'l s.g. the pollshing

of ùho coniaoö area by rsBeatså sllùlng, treatnent

of lhe oontâct åreêË¡ the age of tlrs Joint, Eto.'

ths c0urso of tho ln'Jestlgatton startod'

rrl tir ðetorl0lnlng ïi:o ¿oefficlônb of f rlef lotr z/<'



f o " onu.lo*f corôltions. ,f I th rcnorsl orLge of I ts

vâ1u0, tilo raslstanoe to sllp ln a riveted. Jolnt

cân lmlaBitfately bo d,otermlaod, f ro¡n tha ueu.ql

formulo.o. !y tneans of àlrgta.Iiing boltB !ee cån.

oorry teJl. mo?ê es&ct1l, tl:an befo¡e Itholr thô bolt

stràrts fù ¡nove on âccoui:t1. of tha Largo boo.r!ng

g!rê$ses 1n thÊ hols r'¡a1L.

8o èsi€xrnltro tbÊ É1åp r'3trßtânoa l' ¡l a

rlvoted Joint, t! 1ß nëqssÊary to know (1n

aC.C.l tlon oo 4) sbo':tt tbe ionslon gtresses tn

!ho rlveÈ shaf! ¡ ssultl,ng froß ordlnål'y "àTotltlg¡
anô the lnqul ry a1¡out thlÉ must ':.r a ¡¡'qde oo

orðlnary JoInto' Ehls poùnt fg treated' ln Èhe

sêoond. ?art of ühi.É PaPor'

!êtermtnlng the frtcflosål coefficiênt'

¿.rrang.ìnrerrt of the expolirnent. Tilo alraugoüeÛt is

áiro itn ltl .ftg. 2.
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Ehe requlroå pres*ure on.,üh6 hsaits of

the rlvete lg obt'al:rocl,lylth tbs arn of * levor.

'¡hs foraB lø prod.uea6 r¡i.bh íhe serôF (r1) ¿tnd In'

multipllod. 10 tlmee on tl:e i:oaô. c.1 tho rlvot¡
çtth ihe 1evsr. fir6 Éc]ew (b) nervo* to a,iJu6t

+,hs arms of !he loyar. [ho forçs (¡) fu

msâsureê slth e ¡nanornet¡lr d.osigaed. by !rof. ¡{reugor,

rvho had. the klnclnoss to placo ono of thêüt €rt my

ôi"sposåL. Bìre rnanor¡têtor eonsJ.$ls of a celtbrated

¡nombr¿uo '¡.r1: ere thç úcf lsetlon .*oul,1 be Tesd, grêåtiy

rnag:rif i.oô on ¿ì gråd.u¿rted, gladr; tube Ehloil ôo.ntalned.

Íì6rcury. [hls ar¡ang€noat $]aB vê,1y 4onvênlonô to

¡enAfe, [he pl¿ies wore eu'oJocioû to tenslsn ln

ån AIfå telrgton tdBtlllË inaehl"no. 'lho dl*plaoatnent

of tlre plât es r slatlvo to saoìr o th'€r Ytas msaeur sd.

slth ¿n lnslru¡nent 6råduateê lo 0"01 rnrn. ¡
ôtaplacorue::t of alout 0,00J mrn. corr.ld easll.y be

esttmated.. [ho tnst¡uaênt t]¡ìs connêctêC io onç

pl&te slth the :loveble pln cðr¡{rreó on ono of tha

iloublo plalos âÉ aôsn tn flg. 3. 3y means of a

bloak thÐ lever a¡¡¡g naro kopt at s f lxetl allstancÊ

f,rom tho doubls platos. Ihls ârrangsmont 1a shown

tn fig. J. anô 4. Tho f brc,¡ H. bo âpply ts¡slon

to the plates was obtainarl Ë'roia an electrlo notor
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gtr'ùûg ê mo tlo¡r batwoan the blocks oT tila qraohlno

of I iom, por mlnu.ôo. flùþ.1arga loaCs ihls Cr!vs
tras ugeû up to-hatf. of the sltp f êsls{i¡lncâ with a

0-oaa(l of aboui ? mn¡ pe" nlnutr¡ and. ar"ter that tire

á1086" speêä. îês useô, thua ks€ï)ttrg thr, 10aô l$
equlL[brlum rlth ïhÐ rsslßtanoa rrbt1,s. tha ìnsacurs-

iuotl t s rvoz'e r âd.o,

lÈ ças very easy to detsr.¡nlns .rt16n slidll1g

sterüod. Just ì¡of ore, an elastlc d.lsplaoolrênt of

åbo1¡t 0.01" Èc O.O2 ru0. tooh pl€rc€, and bi¡la

ôlseppe&¡êd by removal of the fofce. In ðorû€ casoðl

srìil sÉpêc1¿r1Iy tn 1$ rnn. plaôos psrìBånout sat tooìc

pIeo6 bêforo sllding oecurroá., posslbly on account

rrf str.atgi:tonlag ont s¡t¿}l bsnd.g ln tira platasr

lblg ueuaily oôcurred. Tvlth bho flrst appllcatlon of

t¡nçLon after placlüg a neR speclrneir ln Sìro blocka.

Iho polnt rçha¡a sLiitlng st,alts !tas ûtâi:k ed, t:r ¿L1

í:¿BEs, usually by â ltùtt.s knock. Ás Éoon as tho'

sltdltng sterÈed, the ¡ootor drlv6 fias rslsä.8Êal. The

ancunt of dlsplaaement Îre.s ususlly about 0'l ninn

Iho rnaagure ênt s sô!'s :¡ade ln guoh a rvay t'nâì1 Bhên



a

d, ¿ 0, (t. e. ttro Bentrâ 
"olaf a wlthout rtvet hole)

1

the vhole sr¡r{e¡ of r'¡ls.':gu.:'otnenf s for Jolnts nith
the 

'!arne 
d,lr¿enslona wero carrlod through rvlfh

älf,ferout ::11'et proÊÉurôs ñithout rrev 1n6t¡r1]l ng

lu the bLooks, end çlthout aôJuetlng the plates to

the orlglnal s+,artlng polnt.

[he tot'4.1 êleplaceinent ln thts nrin]rÉ3'

r.[louBtoå to 1or 2 ¡nm. for oach group of, meaÉuïe*

r¡16i¡ls. Í!r th6 ss"!es nitlr ûr - 0, adJuøtmeni of

tbe platee to the st'ertlng conôltiong was rn¿de a-s

sooú as the t,ote-l *1!dlng çes found to be oqua3.

to the. d.istance botçeen the rlvet anó tho holô $411

ln Én orc,ln¡]ry rlvotecl jotnt. In hot rtvot,lnË lt

ls Ê.¿Þposed that thiß êåstå.nce 1c 1 to zfi of l:ne

rj.la¡netcr o:f tJre :rlvc{:, r'¡hlc}i ln t.hJ. e capo çould. bo

0. I to 0.2 mm. f n êtic}, cass "úbo loarl çras roload'od.

i t 1:l s .11 d.lng r 6+0 c cur r êd¡

Rê6u1ts of I'f enËurenent s ¡

The results of measu.ren6ntB on resl$tânoe

to sltF êre glven trr rjabLes 1-5. Íbo ólmenstorrs

anti loaôe ßt&têd tn [able 5 sil]. bo refe¡reú to

agaln. Íhe foLlowln5 tttarks are rrs9¿.



I

Þ - lbe loüal force of ftlctlo[ - pf,êsßure on
tho head of the rlvets ln kg,

li - lotal sllp rêslsbanco ln kg.

2'2f - rÍ-È-":. årea of the rlvot irolr¡ in nirn ,uo
êa=Ply A lt.nlt fo¡cs of frlcilon ln kg/mm-.

Z¡ = 
\llæ - unlt. ollp. reølqlance, or shear (rtvot

âl ea, 1Ïr rcg/ mnl . 
-2

3 2 val.tr,e of tho ell¡r tn 10 !ìm"

-¿¿ = 
g- a coefflcierrt of f rlcllot¡.

[ablee !, 2,3, )4, and ! foLlow.

X¡r tl¡e eerl.es I - 3, only tha contåct

Lt 6û, bottreen the p3,ates rrr:s tough. !n order to

lnveotlgate the ltrf iuouco of tho contact årêÍr,

experlrlonts $sre rliâó.r:,, sone mtth måchtne ol1 bet¡ceon

thÊ. contact ar6{16, &nd soiîe 1'rltb thoso ax'eâs palnt6d

a¡:d d,rlðd for about Llt ðays. Iheso roeults are

glvên tn lable l+. ¿1I thoFê mêaÊule ents nhere

force F was applled. ätroctly Þofore tbe test a¡e

denotêC. ln the tables !ïlt'h dsåo - Olr¡ qo lnqulr6

xhat ånf luerrce thrc flage had. ¡on f rlotlon, tenslon

teslß Ííere ntaõ.e efler the ÞrÊssürr I¡ heû begn

acttng f,ûï soHe tlr,,¡e. Ihese ros¡1 t,s r¡.r e sùats1L

lu 1atr1 6 5. Sart of tho ¡'esri.lts arer slto¡çR

graphloally ltr ftg. $ end 6. Ihe rnarks on the

dlffersnt curves lr¡ ln fefor6nce to t'ho dlmeDslonü



lo

of, the rlvôtêô Jolnts; $r thåt tj:o notert d.1mênslons

a¡e in ühe orêer É x d s dr. Ího marþ;e lC::1,0 x lJ
thu.c ¡neans S -.10¡ ô - O, d2 313. ti:e curves for
10 x 6 x 6 a¡r1 10 x lJ x lJ are eonpute{i ¿ìf ter

tha metÌ¡o11 of, least equi?re$ ur,dêr a6$urôptlon ûf

llnoar reln-tion -þetrgr¡en Þ anti lY.

Dtscusefon of tj:s rosults¡

the moasured valuos of the reãlstânce

to sll$ ln some 6erles riro qulte ¡rÌthout any

or4ar. FossibLy tbl,e ve,r{s.bion dspendc to some

extent rrot on the vsyl,qòiot: of tho coefflcient

of f rictåo:nr Tu.t oR tho d.lf :;.'lcr¿i'r¡r 6'3 e:iact1¡

neasurlug thr; forçe fr, øhlch ir, rlhe testtng

rnachlliî used n¿:s oltalrred yrltli â bea-in counter-
'nalr:nco, the laitor re,¡u!rång to bo bro\xght ln

êqull.lbrlurn ç1th 11. PârtIcu.lår1¡' slth largê

f orcee çae I t hêró Èo obt¿.ln exoc t 'Þ41¿r.nce at tbe

lnetant of, e1lp. {!he avorage re6ulbs pl.atnly show

so!ûe connect, lon, nevorthsleer,r. lable 6 sÌroçs

aèopted corr6ctBC vllluee fo:' i,Ìre sllp reslstånce

takon from Ti:o curvcs" Ilei curve fo¡ 10 x 10 x 1J

ls ih*s correc.lr¡ê for n co::etant Êrrùr of plr.rs 100 k6,.



A coapârlBon bÊttseel} the cu.rv6e d- .0 and d_ -. d.f - D-
ShoBF thâf f,or s¡oa1l. presBures -{): e force of frûctlon
and the frietlonal coÇffloiônt retnatn eo11Êiênt.

tTtth lrf gher preÉsur66 thc coefficlent ln*
cyeÍi.seÉt ln ihoae Jolnte ¡vhleir har'É no hole ll1 iho eonire

p1aie. It' ray be thet tlie mater!aÌ 1n tÌre conlro pLn'ro

1s ¡.lre csod lt:tc¡ the hofes 1n tl:e exterlor l:iLatos, arLC-

on thl*i account mskeçi the s].{Cri116 l]iore rllf f l.Òuit!

$I:lø phonom€noÌil ûoes Rot or:cur rvhen the cr-:r:!le pleto

l¡as n hole. Crn lh6 contr¿¡t¡'r tÌ.(, (oÉff if,i t:nI o!

{ i,l.Û¿ton shops lt eelf to ad.va:rtage, depond"lng on the

ÐrsÉßu!e. In €,n actual Jo!.nt Tte c ¿ì11 thuÉ oê1cu,lêt.e

slth a coneto,nt coøfflct¿.nt of f rå,:tlon, lnêepend.orrt

of t'he tenglon stressee ln thr., rivet Êjhåf,t,.

3or the matårlâ16 tcsteô, the coeffleloni

of frlction for srou€ht lron ag*l,net wrought tron tÊ 0.15,

1nf,luênoB of, tha thleknsss of the plåt€Ê!

lhe ac'br'',aI ôlgtrllutlon of thê presstrro tn

tke contact area i:etçoon the plâtêe rlepcrrds on the

f ilickrï,Êss of . the plates. In very $hlti çlates the

.preåsu.ro is conoanlratod u¡or, a r'ç1e tÈve13r Érnri11 firdìâ

ÉrOunû the rlvot ehafi.. Ln thtcker pletee the uresÈuro

beoômeF nole ui11f,orrc.1y r1i"*trll,r,.to<1 ovêr the rYliole eorrtÊct

åree.
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Notvr tf the fyictlon¡r1 coefflcÈont (erpendod.

qn lhß utr¿t próssure, the plaùe iichnsse çould. tnflusnoe

the ave¡age value cf thê co ef f lcl.e¡rl;o Tle meagrir.er¿er.,ts

ßhoç thnl the coefflelent ls constãnl for all prenn-r1rÊs

usu.elly met wlth, an¿ ths.t flio i;hlcli"neee _of tire platos

b¡;.s no lnfluenco oIr thê e¿¡1e¡el,at*on of ihÊ eoeffl*lont.

I¡rf luoneo of tha rlln:notn¡ of tì:e rlv(.t:

Ího measuromeats shoç tbat q'àt,hln tlie l.f¡¡lt
of obs€xTe.tlon srror", the eLl¡; reßiÊtilnce lncrõâÈóB

fflth trhe unl t prassure er¡.Lculated over the area of the

r11,et, 1'!oles as the squÊrB of tþe diamotÊr, or ln oth*r
ylor'¿s th&t the ellp reslstê.¡rêÊ ln an aot:ual rlvslc.tti-

Joll¡t r'ûãy 'Þç co¡'!sl d.Érâcî. ¡:" s t,t1 e proôuct of the totol
's{í'ç,"rr-j 5. rr rlvet sh&ft i:nó û, fylctlsr r:oef f,lcistrt çbr.ch

ls *ndepend-en¡ú of ihe ril*v¡r¡tair of ihc :ill'c¿; !role n ln

tboee Jolnt.g whlch havo Rû irole. tn the centre plato,

(an arrangemenù nhlch hâs ßor6 theoretioal !nÞer*str)

It appeal'g to be:nore convonignt to ,:alculetg leÌiÌl

iìre unlt prê8$urß å¡r ths r!vel hole aB âlì 3rC.ôpe:,:cioiri

vsglal¡1c¡ and noi as ln t:¡e preeodåtrg caÊê i?!tii tila

to tel proosur o, l. o, though the 1nf,Lv.e¡roo of åhe holB

o69o lncraas6Ê thr) ooaf f ¡.otê!rt ûnLy by an anount'

co?¡espondlrg to tho dlarroèer of the hole, gract ical1y

the Éame recult 1c obtalnail tf tho ì1î!t ptegsilÍs Here

iskoÊ lnsteêi..
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The lnf I'Jonûs of tråetlng iiiio ßÕntêcl âr6as.

It may be seeu trr lable J i;hat wlth

placlng mâohtlro od1 betwoon $he contact areas tÌlol e

ls a chäïaoiellstlc lreloass.tn ,the rÈslstânoa th6

lllst ilnúe the Jotnt 1B pulleù apar ö. Àfter thlB the

ooef,flelent geeng to dacreaso. 'Iir o iltf f e: e:.¡cs

betweon tire tv¡o cÉ¡trlri :¡"iJ !,, Ð:rJ¡ ! ¡:r1,1, rro lhat t.'.r a

ooefflcl6ât cån bo regardËú ¿r$ unohanged. ln

practlcal û¿¡sès. l$ ¿ây cå.sâ ço t:eed. bave no fêår

iirat oå1 betree6n tbe plat es hae any bad luf luonce.

thB rratter !?âs qu!te chnngo'4- ';rirol i:to cotliaút

¡¿f, aas l'ÈrÈ palltoô, whiob ts r:omrnonly dono to

prevc¡'¡t rugt, Ehs petnt ussd. ir¡;s corÈathLy ¡rot !ha

1rosf,, antl otr analyllø oons!ttÐrt' of a lergE auount

of 1s¡rd aulpirata; but, iroivovsl"r 9âB 'irought fr¡r thn

puf,po sor anå mtght lro et¡ual Èo lllat :.r!toû ln no st

'låBeÊ {¡) praciioâ. thô palt1ülng 'aar d.one so ihÐ.t

q,rlte a heavy coa! wao givan, aud ihts drled ln

ebout 1\ days, fhê rêsI8bê oe to tllp wás so 
"!Ìn411

lhat tt could. nct bo :noaeurad. l{tfh a È1åp::åts of

1 crn/rutn, tiro reststaneô i?ountêtl fron JO to I+0 kg.

*lih a toìnlressloû a.È tlre rivçt hea'is of !1 å f 5?l+ "c-'

or åÌrâ coof f tci,¡nt rva* ln irhle câsÉ) ].asi] than 0.05"

$hculd thê sê1 e reialisn $onoraliy ooeur ln palnteii'
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âroâ6r thla tÎsatmsn{i irould :åe&n ån essslr.tt,Bl xankellng

of ihe Jolnt, 1tl1l cì'r rnay i': p. r'e f urthsr ito sslbtll tlos !. ¡1

tho rlvst shaf i iras ¿n lnitlal s+"rsi¡e shTê¡1 li6s
closo to tho ylalê polnt of the rnatertal.

Inf 1LrÊnco of È!ta ngu of tha Jotnt¡
.[osls çrsI c, .,taAa to ¡rseslta-1i1 the change

in ell.u rèsl s lntrce when fha force <¡n the i'lvøt has

âotðd for *ome títae, anrì showod. an lûcr+:ar¡e ln ti:e

alip r'.+ststanoe of 514 tu rc# (lalfo 5¡. In any

easa lhe¡e seems íb bs an lnoreaso ln thÊ f rlcbloTl

coefflslent. [ho vel1å€t3 stjaied¡ nhlc]¡ are be6od

pon ll âgs a Oll see$e thus to hesp ono on th6 safs

È!do of, t,ha eórap',:tod. vâ,1u0s ln ¿ir ¿ra'b-.tal Jolnt.

Inf,1',rsncB of pollshlng thB colrtest årsas ily sIld.ång¡

Srom ¡rîêmoRtt s teÉt alr'eady rnenllonorl,

i t i+as sho'rn thÐt tiro resi$t,1ncs in t!:¡o f lr'¡i roÈâtton

na6 ro!¡årka'oly larger lh¿¡r ll¡ tbe follorvtng rob'atlons

witìr tho tamÊ Jotnt,
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lhls ph*t:omenoü q&6 €rp1e.Itlâd by con*

sld.eríng '¡iiat ti'¡e contèt-ð b ar'¡¿g þðûâ,:¡1,) pollsi¡að '',hrotgh

ß11ûing, air,l tirüs th6 eoo:i.ílatoni rioerlir'Èod. Iir a

cirack sorl6s on $rsiîontl l¡ ¡ogults gl1'ån bsl'oã, I f cuncl

thls phonomsnorn clo¿1'1y cÜnflrmed, but evon osporlrlental ly

It côuIô bç pro*¡on that'po1!shLug of tìrs contact

å1'eês çês not t'he eausa for ùhe o ccu.rrarrc o, r.!hte

nlLl be explo,lnod bel'ow" Ï$ ii¡L!: ea'so tjre sarne Jll':rl;

h ¿ì al. ¡oön uð'àI rì1¿¡,ny t,J, nog 'Yìi11ù¿t âny syÉti}Íìntic

åôGr: eri-i¡Êt l:r tire coeff 1¿lsnt 'oeång observoå. In ihe

jotnts lC x 1J x 1] tire coeffi.:lont' gho!Yed ltself

a 1ltbl¡: hlgher l;hn¡r the âvÐrsge e'f tel' \! s1-: '*'ir'gs'

I{, !s l,npoÊs}blo bo åì-ì¡o any proof tirei tho pol!oblng

of the contect a1'É.1ß h¿xd aåy lhÍìâitilos or tha

¿o of f lcie:rt of f rlr:9lon"

tn tha prsee<i.tng pårt írßnllonod, the

al.rthor conduotôÔ tsirts of rtv'aled Jolní0. $'f ruo rìååê

by oi;hola ilnd' soms 'ly himself, concgrnlng LiIo

frlctlorrcoe:íflcloåtIJÔlntsrlatlobythôl'fllrnlsjqå

Hogskolan, tn thè f ollowlrg irart of thls paper tilð

åuihor discusseÊ thÐ gtras:ss ln !he r'lteT obafi'

ånd. lhê !Ììagbltr:d6 of the sllp realltanoa'
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P AR 8_Ll

(a) notar,lon aþoui ths rlvet n,h¿rf t.

YaIuêã fron lre:nont ar,: ussd. ln i'¡e f lrst,

inethod, these "oeing o"otained. 'ìry tulnìng the platan

iìr'ounrl the rivet ei:a.ft. f;rese alo 4hoçn 1fl lab1o ft

coroçÞnsatEd wlth legard to tho tlmo of pres*ure of,

!Ire rIval, end f,ot the avorage aal<¡uLato<1 valuss.

Ehe neaeureå ollp soelB!ån,¡o lo computod from

f¡onont on þh6 åß$ìrr,lptlon that tìlê pr€É:11?ê caussC'

'oy f,Ìr e rlvet s lg unlf orm o1¡e¡' ibê fihole areå of,

ihe plator tn oontsct¡ bl¡t thl6 lB noå truo, whtle

the unlt preesure le htgher around. tho rivot

shef t" flllhor:.t eny knolvloôgo of tilt B. ûf {tirlbütion

?es c¿;n n tl11 det'erltlîo lhs tsnelon strestl ln tì:o

rtvet s:"¡af t lf no ,:teasuro liro tu¡nlng momeot

aceessÈri'y' ?ttlr knonLeûge of the stl.ess tir flre

rLvBt shF,f t rYÐ ßan thus provldo o âTE erlvsr: elth a

tabls rvirt cir wlLl EboIv dlroctly 'ihe relatl'on b€t$66:1

ùirai st¡sss and thè tîrnlng moment. I hâvê

d.ste::t¡1nar1 ri!tß årplrlcal rol¿tlon "vltÌr 
a Jolnt

hâTlAë the same rlvet-'nsad 11í''nonslons aÉ tbosa uesd

by 3'rönont" tho üenslon åtl'€BÉ itas hsrs þEon

Ér¡bstl tut od. for a sorolrosslon fÔrce ât thê head of

tbô rlvots âs l!1 ljhe precedlng lnqìrlry ' anð the
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rlr'êt s¡ttf è hå! "06en rôrâoyo¿ ln !¡.::. t. [itr mêå.s.rrð11

våleoå êr'Ð glvon 1n fable 8¡ and. grapì:lc+l!.y ln
f tS, 10. 8o obiatn a¡t aniir.c aquerLl S¡r ,¡1'11¡ ühe

valuas of ¿lrenont tÏ¡s unli frtatlonal rssi6tance

Irt pi'oportlort., tr¡ the area of the r:lvei hô1s has

Ir Ban oâìru1at eri igitir alt as r¡u¡i¡ed. uni,:ìlo ru d,1.qt r! buà i on

of e oruptos*lo tt ov*r tiro whol.s contâct arèå b€t.¡teèB

ths plabðfl" fhs Jolnt ånå lts 11l.'rÞnslo¡ls åre Ê11'ei"r

in flgn !. Â11 ÍeåF,:renê14ôB fiûte ,ìrACd slth one

and tlho sano Jolnô so !1ia.t thr: llf1!1ðnoo of pol!- shiug

,¡f thc ùontoct ârèa coulå ha tssted sl the såme tlir3.

fl¡le measuremontiÞ Far s mad,s in the order shoçu ln

ihe table, 'rïo may aËsumâ now ihbt tira'coefflclont

lu lcnown, âIr¿I êquel lo å!t,tl !lr tbe preßå6T]]g ùeËtr

ro tiraf the actuaL preB,surs 11l¡¡iri"o-,rl1orr rlatnÌy

âround tilo rlvei cr.rtl þ ca1rluLai oil.

tt6cu.6slo..r of tha rnsâguted. resultø¡

llþe ob6êrYå!lotl nååê by S"remont tirat

t.'ne oe¿:onå ânå folloiri!1g !néâsurenÊnts ¿¡ìvg a s¡nç11er'

:f rtettongt rÐs1:lïåilcê thsn iha f lrs+, o:ro tor eåch

grou.Þ 1{&s vêry i¡1êttll¡' ']onf lrne{. 'Ihg s-tLppo eod

raason f or tiris !s lhat tho soot ac b ars¡* has l¡esn
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pù ltshsd., ånd. on âeûù,¿nt of thtÉ the coef f f.olent

bocomes s:¡1s1L¡r?r b'åÉ s,J.,)Ìì lr¡ rro ! üho eae o, slnco

tha v¿luee f cir P 3 8000 kg sho¡yn later, for after
?J s1å4tugo th6 f,ores acl;ual1y irseåaÒ sons¡rhat

hlghor. [hls ;ooeullar coaC.lüIol nlgtrÌ "r: a oxp]alnsd.

1n tpo dtfferent r:aynr.af ter tho rnorÈ plauslbl,o

êsplanetlon I s lmposslbls (Èbât of tr)ol,lg?¡tn,g), Xt

ûlgtrt bs thought tìÌat ii 'uaì<,:s â cortå1 !! tline for

!hs st¡;|lt,r f rlcllùtl to ext,¡nd itgelf. 3et$,?sn tha

fl¡st t aeå vllir e glt'ein va-lsr¡ for F ar¡ô fhe f oLlorvl.ng

groupt s lasi ie*t,r!i:ere e1a;,,:ocì. scnrto mlnuTes, ßha

tì¡ðâÉ11¡srnñntlrJ ir:'bilLÌ: 9¡1.0h groìrp wgre uac.o about

1! see. apar t, 0n tho o tir e¡.' !rarrd. i t 1..Ë ,1"/sn po s sl'o).e

Èhât å:ltðr: lbs f l.¡¿l ro'i;atlon, rtrêssss çltbl tho

Jolnà may be alterod ov! âo oourli sf the frtcflsa

foro€s forruøè, ar¡ê thus ihs orlglnal pt!ossuro

distrtr¡utlon ln the contact ar"ea 1s o-itåtgsd.. I9tth

a dependable prêssr.rre dLq-:rtt.'.tto:1¡ Í:14 :f rtcl;1oa

cc o:if lcl.ent vûr!êß wttlr $.!
It ts çcrtlry of ir'de lhãt thû ?iì:1,':ss f rorû

ths ftTå! ro lst l¡: n gavß {l oùnsiårìt r'¡rlr¡s for the

coeffioient of frtction (vtthtn the 11mlt of

obsErv¡rtlon ertol-lôL : 1.21"' ') w!:f Le on tl.r e othsr
F

hand t!:€ otirer valuos gavâ a decr'easl¡rg coefflclont
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lvlth lae rÉJÀslng !râsé,rr:e (f f,oÐ I,08 to 0. ?l)"

0alculatton of tbe strsss lu lìre rlvsi ùiraf t¡

In computlng tho BhrÐ6ËsÊ lì1Ð flrBt
yal,¡es of the groriF ard moro Ïellable than those

f o1!.owlng, bocauge $Þ ar6 not sufflctently oÊrtêln

o f what happenc É-tf t êr th e f L rB t ro ôe ilo ¡r. lf $ê

noff suplose sorûo of tho cosff lolcqÈit f¡om åi:a

JointB of .l¡romoaf i¡¡ 'ce r eproåucod, fy åho present

Jo lnt, îtå e ¡t¡r f Intl tha. avol'âge sÌ,r€sF 1n tìra llvet

tlh af t.

çtth I seo. coroPrðggton tl¡{s,
ilì ih 60sac. eonrProos!on tlrne,

tho lattsr àssli 1s olose lo tira yielû

point of, the mat6T'i{r.l '¡soS"

In botl¡ erisçF the tivgt YåB ôrlvon aü

g50o0 wlth 50 ttnÊ Presãurer

0orìpu6r.nfj i;ho Prescure DI *t:¡1'outlolt bstrveon the Pla"tes

(co¡rtact arðê), I deterrnìrrsû tìro coef f f'clont :ilor the

matorial useá ( ; 0'J5)" lhts valuo ças sal'culated

on 3r€moat lr¡ ass-n:rptlcn of uul turmly dicírtbutoô

cornÌ:tosstottr àãd g4îi) ño sriraller val'uos, ylhloh ln

thl B câÉ e if,¡

'= 22.5 asi/ rnmf .
z 27.5 kg/ nrn'.
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FsPo"Tl(n2-"2)

and M *-L.( *-E'^- ( az - ,? ¡
3

2)
= ät;- :.,). .-c-, ând. ..rhÊn 3 -. 5 cùr u _ 1 rr4(nJ*"1) r 

"]r.l",0 
'*Þ-:-"¡'

l= o"LT

lhis is i.ôBÊ lhân half the values üeå6ured.
-i¡af,cre. îÌrus tltc cónp¡.eÊsîon oennot bo unifcrmly
dlstrlbutedr but mußt be jroaqllJ' coneenti.nted arounô

ii'¡e rivel ahaf t. !o get so6e i d.sa aboui ihe r eal

c1i r t r I þ'.r.t i o n ¡¡e a,s s.,:.in9d. lhat tìle unlt preosirro ln tÌ,.e

pLates f o Lä.oseô the las ! = 
pUrå, and f ¡o.¡n ths

.meas'¿¡'cê 'ç'al"tteÊ t¡:f id and P lrB oâ1su1ê.têû lrall

.^ 
= \Íp-*-ß1i.l:-1.-^ *.1-)--, p :-Ê-n-rel{l'-"1i-L-a+J â + 2

Using thB abo v o .¡aluos

sÉ -5, F:po"-5
qhich meên0 an espeeially marìred. concàntteölon of tha

unli press',:'rs ln ùha a¡en ôilact!.y aroutitr iirE rlvob

sh af t.

In the prgosdtüg oelcuLatio¡r of the. Êtres$

tn tho rlvst shaf t 'uho ¡rressure dieùr'lbutlon ls

au"1¡oaeú oqual io iÌ:at ltt Tramonts ¡cnd. ôetel¡lnoê

hera ln tho Jolnte reproduead, In sìrch thlcenegg as

'ç¡e ì1a"¡ e i'rero ( s - ?0 ,nin) t,he ôomîreßslon dtetr!butìon

id st11, 1. htghly cteponâ\riìf o:r t'lrs s.noùthì:rss,J of tbe

contact åí.ê¿t.s. tb,s averaga frlctLou rì'ro,û€4b c¿¡r lhuç
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be asFumed. ¡ìs sóìnê r"*_Iue batryeen 5 and l.J cru. A

cortaln lnsoc¿¡l!¡" lJ.os tn thie n¿tì¡o d of reasoirtng,

ând. on thte aeoount i oheck6al ovsr ths rêì¡.å:.ts

af t e:. a mothod gtat erj. i:elc,a, anri ¡rhtch ln ijÌ¡ð meln

conflrmêd, the val',rss nlreedy catculaio'1. Tho eltp
reslstànoð d,otsrrnl ned. from f¡rômonü ¡reenred. to bo too

*rnal1, cons!dorâb1y ,';malLer tÌ¡an thilEs 6tat,Ðd by

3a-cÌr, a te6rllt çs-Ëy to expla*u Èirrough dl-qti"ngulshl[ß

b6lreea the aetr.ral tllãtrlbuilon ¡rnd. that statarl by

I'rß$grlt, Srernontf s vaJ.".lee of ihc #1lp r3t!åijâacB

p".ÞpBâreå 1n vound n'r,lr:¡b ôr $ lo 1¿e abouf half oil th¿t

?esIÉtqnc,ì ai'lglng fron e¡tltal ta:rslon,

PuIllng Étrålght agaltsi tho rlvei si:af t¡

As a oheck o tbs precad'tng velúes of

tenslon 6trïts$ês ln t!re 1l'Jat 'shâf t, t os!ø ]¡avo þasn

:a¡rC, o slilr.l0 rlvstod Jotnf s Hhtch vore na(ie a¡il

ktndly ÞIâe ed at ,ny cllairo sa1 by lho ¡ltlae Dt eÉt1

Cornpany. th6 stzð agreèå vlth thaï u*erl tcfors

(see part I) ond wero 10 x 13 x 13. UFlnê thsi5Ê

Jo!nà*, 5 tests ltere qal'Ii9ô oui etth tire cÔntaot

axeas treåt ¡¡ct çlíh ollr antl 5 fiifh tho cc¡utaof aress

pâtnteê aocor'Ilng ào the shop ;¡rae tloa. Thê ?lvðtlng

rias done ln a compreeslon rlvetfag machlne t¡lth a

total oornï¡r os slon of 1! tons, requir!'ng 15 secúì:'rê$'
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!ha test¡¡ çs¡e ¡ned.e É!s in gart I ni.bir ar¡ Àlì)hs tÈns!,rn

tðst1¡rg maehiita nbo ss 1orreEt speoû lrns I rrrn/rnln. Bho

di splaeem*trl rtrìÉ inêås..Jr orl gl Èh a Zol se l,le¿$ur f ng

tnstru¡nent plràoåd on fhs centf;e p1^ate¡ and ths needl,e

itlaeeð on ono of tho outgr ?1,á,.È(iÉ¡

ßosultB 9f tneasuronentË¡

[hs reeultE Ðrð ¿]1ver l,¡r rjabls ). "rnr!.

sr¡r?hlce-1":.¡' f,n f!g. 11, üolntË l io ! l.:svlng

ulltrôstsû con!aot arej¡Ê g€tyg vory slmllar rssultø"

lçhlc!¡ 1s êfl lnd.teatlon that tì-¡s çorkrnansht¡l anrl

r¡atar:t*1* mus{j j¡ave 1¡oon of tho bo*t. ¡lir e Jolnte

ñlth på!$teo oontaet &rsês showod variatlolrc, Ce-

psrttng from unlf,o¡ml ty lir ohångð of übe

coeffiet6üt. of f r.loÈiorr. ¡111 t !ìn f 1\'et ehafts

r!ilor?sò â, vgry cluarly rislllned. bf,aårll) å.res.

glßc'*sstgn of the regult,e ilf ,leasur.aneut,s¡

in ti,ra ùest.s ã1lit tira rtvet shafts

rellovoù (par. I t) the moineuts ai ths lnsts¡rb of

slldlug coultl bs d.eter¡tl nod rttth ¿ì ÍÐry hlglr cleÉìr o'e

of aceuraoy. In tbts tesè tü ras qulte ôlf f âren{t.

t¡r all the Jolnt* the slldlngovas qulto contlluouot

Bo it FaE lnporslblo *o t¿11 Hhen tho forcð of
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f rlct!on sr+s gì¡åre onse Tirïs. ts the proof, of tho

stalemenÈ rned,o by Srofo å'creell, +,ira'! 1t ls

d.lfficuLt lm *r¡ *ctual. jolirt -i:t iraqlon tû üut Õ'åt

tira dt¡oei r6slÉtåBcô {,¡ f thê rtret ãhâft, ân,i thxr$

det ermlns ln whet' propor',tou 'che exter¡:al :lseo.l

d.tvldes itseLf å:rto sllp roslËtnnc,¡ â1il llr es 6'ùro

on tÌ¡e ho le sa1l- fhI s condltto n atl sos f ¡oir åìrs

faet tirat pe do noÈ knot¡ how tho rlt'st shaft lt,

plaeoô. !n tho holo f ro¡o tho etar"t, and thue ln

*ortaln casss s tltg:!t ótøplace'rteni n¡tp,:err. Íilo

praoedång fiôåÉ1årÐmèRts l¡.rüÊ sho,ln gu!àe eleevlT

ti'¡ai ti:s f rt+ül.o¡la} ooaff i¿lont ls lowereå elth

rrontrlcT aro:rs palutsl oo)Rperêd with à¡1o6û n0t

:oaintad. r.[hls le plalrrly oonf !r¡¡oô !ìrrou6]r the

sye t einall.o êiffor¿nce 1n tho curvo fol' tbe teneion

stre$ses for both klnú.s of Joltlttlr b1¡t aoEt rhên

ths rElatlvo ùlsplaceraêt11, of, tho plateo oxcooi!sd

0"0! øm' {horr tho :1ip co"rriocl òbê loa'i to ths

¡!vot, shåft, tilo p:'ess"*ro oxl ths irole rval1'. 8, le

equal to, the, Ionslorr f,onee 8, ìÎl n'¿8 tbê TBFIFb¡r'nct,

iïr or U 3 K - ñ.

Tbe force ls ¡¡al¡ìJ-¡' spênt on bBnùlt1g

t?re rlvot :haft, evon l¡r thÐ tc¡ tsl illnì)1&tolnent'
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fltlh t.so equal Jolntu, but þith &if f Ère:ot sllp rBststàno€¡
ìYl and lïar lts have il 

= K' - \{1 
= Ke - f, or u, _ *,

* flr - frr. l,s su.ruo that the sltp rBÈf.ståncE in both
casec ir¡ ,:onetairt, thu¡ for oaeh ûlrplace;nenir !{r:
Er: oonøianÈ. fhl g ls !:itosiì to be üÌro ce.ss wl r

dêstrabLE ac.r.¿r.acy. Íha mean valus of JotnÈe

I - þ anil 6 - 10 shor¡É n 6ar1y a pro.c 6lcrrlt ¿r cor:* tant
dif,f e ¡.eneo of 1,0! tons up to t!re olastlc ltrûlt.
i'or ono of ths Jolnt..r ihtg d.tff er enc r ,,rant .*p io
2. $ t,:ns (¡lo. 6) and oï¡ tho ol;har hanil, ancthùr onô

(N0,9) had å dlf f ore¡rcer cf 1:::acllc¿1ly zaro. Ihe

rssults show qulte s ûlsùlnot d.sc:.oaso ,u Eir€ngth

ttlt,h pelntâil Jotnis. Sha paintlng of contacà

å¡'eiìs is seen to be vory þaå frou potnt of Tll¡Í.dl ty!
so thât 1:l Bosslblo anotlre¡' iaethoê shûul,i be need^

to prevont rust. ,Jhe !r.ee¡-"r1îitg result s Êeea to me

io be co-pa'01e .rf exprestJioil tn ti:o f,olLor¡lt¡g f orrns"

Untr6ate6. cgntaci are¿s 1¡avs e friotlonal eosfficlsni
of Q,Jj, ffht se pê.rts c,.f l:hc cù/)tnrt a:1 3å.Ê ê,bioil

ha.¡e a consld,elello r:oattn¿ of p*lnt jrer.l'e 
¡r.

eoefflclent of zero. Usua}ly the pressltre of the

rlvet has e¿!u.Ë¿j(i ¡"net¡111c contact 1n some pante of

ùhe Jolnå (,rt Z O.35 ) tut 1n sorne prì.nt$ ti.s roã t

of peSnt rcÈeîue 'çei:r¡err::L '!l:c Er:rf ece þ l7 = 
A), ¿
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p:ìiatr eé Jol¡rt thrLs Ì:;:*, ¿:.' i:i,e.ri:g::. co ¡rf f .!,cJ. ¿r:rtl

1¡'l n6 Lo-,r,ecn zrro tvtJ, 0.j|.

¡"sButììí3 fhert iri Jolr:t lijo. 6 a gooil coat

of ial,nt rj¿1s olitrilrrè¿L ?r.ti thst 4 - O, so thet tbe

totaL stresij I, ån tirs rlveÈ ghaf ij ie f ourrd f rom

F 
= å59!,-*- 3 1500 ße.

2 x O,Ji 
4

Thên 6 : e6.5 tcg/:r',r'.

vhtÕb v;r1'ùs aå1€ûs c,u.1 ie rrc1l ffith botli :lie asur"ei¡,c¡:.ts

oi fremontr ns.üìêly 22.! anå 2?.5 ke/mn¡â. lheso

vnluðs e¿gr$o evÕn more closoly v!.t'ir j r,nd 60 çecorrc,É

t ll'le of, prlsssursi the l-¡:s t one 1! eecond.e" iie

tnkc t'hls vaLue )¡7 êÊ goe d. onough, and, ol:talt: arr

åvel:;îtlje f 3'àc'l:,o!i co cf I ic T t.tL'ç :iç r' ¡:¡-''l r.i r', iì €r*r+i:'

2/t -_o.35 - *Hr¡:-. : o.2o
b 

" ))vs

iI,)er long ihe low value çi11 hold,, aJ.J"owtng a. longer

t!r0û for the p*int t,o dry, !.r eri gpen .1u.€:irttoi\.

E æJ-ååå ' Íhs ve.lue of ihe e1åi; resl*tôi:úri,r ån6. it'6
*nf luei:e e oÊ the etre:rgth of ths iotnt*r

Ytth a knovledge of, tbe proceeiång

Í1ë6.È",jSç,mçnt.ßà ss cân nov obba.ln sornç lôsa of i!:e rllp

reslstsr.co and ltß lnfluence on tho çrtrength of tho

joint. IJÕ! 'ùs F'ß6ume nn lnJ ttÊ1 elt'ess ln ttlo ÏtvÊt
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Iof 20 rio 2J k3ltnrn- ln t, cr g:1.¡.¡ n :f or. gooå rir"ett:.rg,
!io slth 'Lhe untrcatetj. er e¿rs of contâot t}:e sl-ea.¡ 1¡

a
1.0 t'o 8.5 kg/rnn-, tsbJ.eh J.ç *1;out e quf,r1, or, t,¿:ti:er

hl61Ìior ih¡¡i '* r, ore ¡:ccustrûncd io uss, ]Tlth pelnti.rtì

co¡il¡-,ot âreã.å vÈ o¿i¡r.ot celeuletç róot:e ti:an 4 or

! k6 s}{p reelst¡rnoe ,a* ,nrt, ancl of tên nuch }e3fr

somÊilmB cvoh, 0. go long es Ehe extarral for'¡;e

d.o{ìß not sãeee(:, the slSt ï.rsiÉf,ånce thr¡ rlvert

ehaft !s çlti..put load, xhtch srltjh f srr:és ehe.ng!irg

f ro¡n*to - !s qêry rj.orlr¡,'e 1i,. rlj-l s I,rotreß t,!,e

cxlster¿oê of a large lrritrial st ¡.{iÊ,J ln thê rtvêt
shaf,t. Qn the Õtbor hånd chould th.. externel fo¡eo

bo so laege '¡hs'þ slldlnÊt oe ourÉ, ti:o rlvet stref t le

sltbout {ts tlll i;taX sfres$ I.n tenel<in, and. has shear

str.esc. I¡x !he cese of â conblnåtton of th6$c tËô,

t]:o rlvtlt r') ¿lJ þç uE$rì.f e Ìf 'çhe t¿,i,¡-.1o:t t.-itre*s is
noêx' t,Ì¡e €J1Þ$'çlc l,lm! t. $e eirrlvo rr't tho con*l.uclon

tliat sith untrerr.t'eí. corrta.ct' areas ihe lntt,i.rrL eirÈss

Êhould be ne ar t,he elr.s tJ.c Ltn:lt, but ç,lt,h pr,rtntad.

contaci êre.Ês lh{i ÉtrËssð$ d- oul& ¡:o t "oe l¡iêi:er 'r:}- a r,

to keep the p1r,r,t '3s log€j'iher¡ iie e.qn or:l,cu1¡ta thls

reatheno.tleaJ.ly ¿re .f,o1lowe¡



Z7

Et le the ånltlcrl streçs of ühe rlvet.
' i{ le half ths e:rt el}rs.1 f p¡66o

1l ( conøternt ) 1s the o11i: resS.str:rr;eG å!i sheú.¡r.

f lc tlro arcå of t}:e rivoü (ehaf t).

so thst lher eì;aar strgsBe6 ln tha r{vot slraf t ( I )

lg assumed. unlf,ormly d,istrllutc¡6. over the n!-ole erea"

T= tr-Jl . tfK>í

tz a ).i,f ß:.ìf
fhe t rss É¡ereÊt*ç 5, a rrrÌ. ( csr, \>e combj.ned F.s 'útco f,orees

aà rlg;ht anglBÉ"

the tónÉlon 5 = áptr :

It 1s aesumeê that thç 1ci¡gest of the,se ( 5 nrax)

d et;Èl:ì¡l¡res ther ultirne.t o ø{,ttngSh, ro 6 nsr et t,httt

Ll¡nLf 'csl<er¡ ê. çt¡r'bs.ln vslue inúeporiC¡ent of Sf and T,

6'ax :- +l t-Stspl-i or, rr -s- - rc, and !- z 4.rL f_.grr
ómax a -!Ê-[ 1-tlJTTçT):.]and srnc* ,ï =/*.îr2 L 

--ËF_r_llcs - r,f r+ {ñl+(g -¿ )'?1$t - 2 L (Ei , 
2

1,1.3. 1re/mn:- ¿ lJgor/srr

!¡et qs check these f orm';1 a+ çiilì tLe íi e a e l'.1' ê nL + n ''u $ frsm

tcble 9.

-')

1+ LrT' ì

-----a* 
I

Þ-r
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Coluirn l" lc the rìyGrège; l.¡lL;,¿ c¡f joirrtn l io 5

tt ?tt It lt t' 6tolo
rr 5 ig tl,e vr,.1 ro fss Jolnt 6.

r 5500 496I TSTF ?ì,,::

h l+1 37 eg ne/,nm2

1-,nlS, 1. 55 1" l+0 t. LD

.,¿¿. 4,35 0. ?0 0

En.,rx l+T.F l+7.5 I5,5xs7*rÎ

Thes6 va:lues aéïeË f otr,3.y r"iÊli lrith t1:ô 
'.r ll i I ¡ . r, i, ..'

ctre,ngth for ðhIs ;ûat6l: leL. tìr e 1¡;.s{r rosu,Its ¡irç onLi

appro:ilmate, and. f urthelr lr"qui,ry r:ßr¡ralne io Ie r!.o r:ren
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ågi1ru43g.

(f) fn oréey to f tnð ,;he sli¡ r,e;i.siÍì:ce.
ln rlr'¡:tr¡ii. ¡,:nd. '¡olteC Jotnt*, tire f rl.ctlo.no_l cot¡f f iclerit

l:1' e- s to 1¡e i'rat itt n:lr,€.â¡ Tlth iles¡¡ V¿lì.ce* t,he sl*]i
reßlBtår¡ce for 1;olleri. jollt$ cF.r¡ .0e ce-le,llEjtÉró. f,r,ou"¡

ordlnå::¡' f,ornu1ae. '!o e alculat e lho e llp resletnrca
ln rl',"eted Jolnts thc {:ûnsion .it¡:e*ç.ln the rlvet sh¿f t
rÂust b kno$ur frhls tst?eÊ6 [s del,elnilr,6d frûa tÞo

dlf,f,erenf rrrethod.o, and '¡s1ueç are obtrrtned çhlch €{g?€.1,

(e) for rJtetea jotnte rûê Ëe t11 tho oràtnÊïy
v/åä,' slth unt.rea--,t6d. con'¿¡eet EirêÍif!, íhe "sll;: I,*Êirj.¿åncâ

cân 'bê e¿rleulateri at 6 +"¡¡ 6 t¿g/mmâ for srheê:- ,:onri:r{:eê

ovell:1:* ¡rholo ¡r.r er¿ of tjie rJ,t'et irsJ.er. S,or pelnt r:ê

cotÏtå,ci erô¡r,Ê $e ((:lti ur,caLly oo r¡'rp1.;.t Ê r*lì;h ¿. sl lÞ

re €lÉt¿ìrrrrj cf ll to , kgf ft,;,,? for *iheer, but bser,rasr¡

tlile r.eslst*¡rcs ts ofton very srna11, we, do trot r-ron$lú.ßr.

thåe rr,'sl.¡!e-nec e.t al 1.

(3) ¡.atntlr,g sirould üoïnr b6 usêd. gome

other msteriel to presêryû sieel against rrrst *Ïiould

bo co:;s1ðeroå.

(l{) In.-calculatXfi€, t}¡a.etrese l¡r the xatsr!.e.1

of lhe ¡fvot shaf N a formula le gåvcn ç,hlch çJ.11 eivà

oulto falr resuÌts r¡hon eheelced*
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S[RESS IN RIVSTSD JOINTS IN 58DSI, CONSÍBUOTTOH.

l.lon rr 2entlalblatt dêr BauvêrsaLtunglt No" 101, 102,

pp6O7ef. DêcEnbêr 192J. By! Mullenboff, gterkrad.e,

0 er many.

l[hô Etatlos of steel oo¡structlo! has not

ln¡rrovedl notloeably ln the last 40 years. A1ùhougb

many flne pl6csE of rork have been ilono, they hava

rot greatly changeil tbe. fundame¡taI rork of $ohredler,

0u1man, Ftakler, Muller-3reglau, Rltterr Sngossor,

andl Mohr. Hany eaglneera oonûectsit rlth thlE type of

congtructlon bo not knot hoç xnaly approxlmatlons have

bêên ailoptêd, anô ho¡ many shop lnfluencee bave been

cut a?ây. îotlay, ruore than eve¡ befo¡o, the necesslty

of econony foroos ug to enlargo our knoçlsilge of the

true stregeeg. Partlcularly 1s thls tru€ 1[ rlvetedl

Joluts. !be 0er¡aan Ste61 Assoalatlon has, ae tbe

flret one, ¡tarteil lnvestlgatlon lnto thiE problern, anil

solutlons have beea founô ln nany lnveetlgatlonso I
caa rooall only tlre torkg of Bubl and i'toôegenl. lwo

r¡ore vsluatle co¿trlbuülons bave Jnst been publlsheil ln

Panphlet 2!2 unôeq the tltle f, lxpe¡tments to iletermf no

the ttef leotlons 1n plates causetl by rlvetsrtr by

8. Sauma¡¡i enil fl[bs ôetermlnatlo¡ .of strèssee ln p).ate s

(1. Pamphl.etE 221,22!. Researoh tllo rkE .û.EÉoclatlon of
oermân ¡lnglnêerã).
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causeal by rlvetE, !Falûphlst 26?-, by the same author,

Ànoth€r oontrlbutlon to lnveEtlgatlons lnto stresã

dlstrlbuülon ln ùhe gussets of a gtEel frame has been

mada by Dr. Bhsophll llyss, whoaê lnvestlgatlone

ooncerneit the straEs6s ln ühe menbêrE f¡on e¡ternal

foroes. 3uù before ¡e ôlEcu¡e theEe çorks, tê shoulil

consult a snall eEsây by llallIarit ln trschrolsertÈcbêB

Sauzoltung, f Jì¡ly 28r 192r, ln tblah the author ileal¡

tlth a Jolnùeit Eüeel platc çltb flve rlvots, Such a

Jólnt ¡oay not be solvetl by ordlnary method.s' çhere lt

ts usually sgeumeÅ tbat each ôf the rlveùE boarE an

equal part of the load. lor thê assumpülon Eentlone¿l

to holè true, the Eoctlonål area of the maln ând cov6r

plates mugù bear the same propo$tlon to the 1oað

carÍi€d at any glve[ sêctlon, antl tbore nust be sn

equal number of rlvêtE on ôach slôe of, the Jolnt, for

only so can the tlêfornatlo[ of both plates be equal.

llhia funäamenüal prlnclple lenils ltself to

conneottolE suob ag shoçn ln f,1g8. 1 to J. In flg. 1,

tbe çtôüb lE conEtant a¡ô üÌre thickness ts varlable

(the strees ln the hole çall ts not consltlcred), rhlto

tn f,tg. 2 anð,5, tbere is conEtanü üblckneee sn¿l
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vartabls tltltb. Íheee slnple eranplee aro suff,lclent
to shoç thê allf f loulty of the problem. It aaË thlg
probLBm that Dr. Fyse trled üo solve çhen be attempteil

to tleüermtne the EtresË aliBtrlbutlon tn varlous gusEets

ln a gteol frarae. Yery careful stresg measurements ln
at least th¡ee dlr€ctlons wore maile l¡ a large nuûrb€r

of Emall squarsr 2 c¡o to oach slile markeô on tho
gussets. Â rether slnple theoreülcaI consl¡le¡âtloD,

lut an €normous plece of experluent and. calculattoa had

to be tlon6 üo glve us f,or the flrst tlme gome ldea of

tbe lntsrnal EtrE6E ooniLltlons ln gusrets. Fte" tl.

shors one of ths guEsots he used for tbe expertmênt,

ehorlng the llneg of prlnotpal, str6Es ln tenelo¡¡ enil

oonpro6siotr. The tenglon llnes ln the largär arEê ôf

thâ €uEsst are caüenarieg. çhlqb run ôlagonally fron
o¡e ¡lvEt to anothor, but are bênt ôornpârtt by the

oonprgsElon Ilnes radletlng fron übe vertlcal post.

Bhe plates 170 X I anil f0 X I mm. rtveteil to the bottom

cbor¡l are subJ€ct not o¡Iy to tEnslon tut also to largê

û¡om6büE from E€oonôary strosses. Becaug€ of thls, the

rivots ta the top of the plates ar6 comprôEseil Eo that
one pert of the tenslon llnes rhlob come f ror¡ the rivet
farthest out on the tllagonal menbere are turneil ¿torn to

encloee thege rlvets. Auother group of llnes of
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prlncipal ÈtrBsE áhots tb€ f1oç from the tenslon forcês

ln the cêntr€ Dtate of the bottom chorô to tb6 rlvets,

anglos and. covEr plates. the lnterE€ctlo¡ polnt E of

the prinètpal stregg llneE can eaelly be eeen. FtC. 5

Ehors tho moasuroô stresEêÉ f¡on. (llrect forcEs anô

rnonentE Àn the m€mbers rlTot6d to tlre gus6etE.

lhe gradual falllng off of the illagonal force ls t€ll

Ehoçn, and tbe ôistrllutlon of forc6E ov€r the rlvêtE

le wor thy of noüe.

Ftc. 6 lE the same gusset, shovlug a

conparlson of the meagurgdl nor¡¡al streBg anô shea¡ at

tb6 serû€ Eecülot sltb the calculated values for a

correeponôtng frlotloulesE f,rameçork ( shown itotted),

a¡ê th€ game frame lvltlr Elagtic guseeta ( sbo;n t¡ f,ull

llnee). llhe flgureg repr'oôucoô Slve only a small Dart

of tbe regults of thts flne pleco of vork. Evêry

euglneer rorklng on .struotulal steel sbould etuôy ühls

BAB€T¡

8ro¡¡ qulte a dlfferent pclnt of vlew, but

aonè the less lorthy, ls the rork of Profesgo¡ Baumgsat

rbo mails tests for the Inetitute of ÍeBtl¡g MâtorlaI6

at 5ùuttgart to deùermlne the !eâ.sons behlnil the

lnJury of boller plates, parùicularly iletermlning the



3+

str6så ln the plât6s due to ttrlvlng tbe !lvotE. fhe

worb sas flrst thoughü üo be of uge üo boiler wo¡k

only, ïut the resulùs are of, courtê valuable to

Ettuctu¡al stoel problens. Much of thls informatlon
;as published. 1[ the .Ionrnal rZôltBchrlft tl8s

Verelneg ilôuù8chêr Ingenleureflr Vo1. 1212, page LggO ff.
frhe¡ drlvlng a recl-hot rlvet, the rivEt shaak pre6seE

on the bole rall, anil, tbuE the plate about the hoIE

bocomes warm, and expands outnaril, nhlch glvêÊ riEê
to nor Etrossea ln thê plaùe farthor out from tbe hole.

Ehe cu¡r anð header of the gun load tha plate erounil tbe

rtvêt çlth rtorê or logs loail ln a clrcular ärea. fhts
oauscs the plates to arch, anä the ectlou le ãxtenileô
go f,ar thaü tn a boller, rhôr6 the rlvêt pltch ls small,

the eteel âroutrd. the rlvet l,s subJect to forces plltng
upr as it were, from the drlving of the otber rlvets
near lt. Io èeternlne tbo ôef,lectlon froro the pressure

ln tÌ¡e ho Ie wall. tço leait plugs of gultable il,taroeter

r€re us€al, whllo the bols Fês compresseô betEêon tro
pletons. lhe pluge were observed rlth ê speelal

mlcromôtêr. Ehe hoIEs werE placeô nornal anti parallel

üo the rlvet aôge and. tÌ¡e rlveÈ, and letween ühe open

hole uurler cornpreeslon anil the flrst opea hole.

The tEEt gave smell velues o¡ aocount of

1or oompresslon ln the flrst group of meaEurem€ntg.
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Ehe compreosion of tbe otrcular ârea occupioô .by the

head of the rlvet ças oerf olmo¿l çlth tvo pl'stons

lneteadl of ttre rlvet' end. the 1oçeet load Just f ittêat

tbo plates togothor. Hith higher compression the

pÌates starteô to arclr or vaul.tt and' col[mg[ce& to gap

êt Eon€ Eü411 ôlãtânce fron tbe hole. 0o1ô leail

rlv6tE serveil to approxlraête th€ ileflectlon fron

ûrlvl¡g Flthout the tteflectloû suppIletl by the heat.

Drlvlng experlments rlth equaL !oô1 es of leaô and' steel

gâve nore then tntco as large ôrlvlng strêssôs for tbe

Ieaô ühan f,or ùhe steol. fhe hot Etesl rtvots cool

very repltlt y on the eilge of the heaô, sntl oauss hâ¡d€r

ôrlving. On thl6 accolrnt a largor proportlon of tho

force fron übe ri"ôttnt úecblne 1s paaseó over to ùhe

plates, anô a smalle¡ propottlon to the rlvet abank.

!!o *tuaty tbe torhtng €trê8sêgr bolss çe¡e

puncheô ln a olate 12.f mn tblakr the ôlanete¡ of tbê

puncbe¿ hole bolng 20'6 ram, anô ¡eaoeil lo 22.2 tø.

BtvEts 19.6 mn tllamotêt Ite re ðrlYe¡r enit thg pleto

ê6flecttonE Far6 E€âÉureil. IabIe I glvos the av6!age

values for rll¡etE alrlvên l¡ the same dlrection, tho

fronü slûs boltrg the Elilg froÌn çhloh tlre riTets Í6!e

ilrlvea anil tha BXat es Punebed.

Ítg. 10 Gauge llnes on the tegt plate.

îtg. It oauge llnos on thÊ oover platos.
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: Plates bent gllghtly by Þ'¿nohtng nore

curved. by rlvetlng abnrrt ! mm ln a ô1 6tânco of 60 run.

The åt 6tancê f rou tho odg,l of tl:o plato to the cent,re

of tho ho.lo *,ceg 37 rwt, !ut the ri.vot forcod the otl.ge

so rnuch that the ?lats galneû atotrt 1{ mm tn that

tiistånoe. The deflecttons çere qulto largo for part

of tho tè6ts, ÞoËsl¡Iy bocauee only ono pLato nernlttecl

noagurel¡ont on boôir sirles, ênd the rlvgts wore pLacod

ver¡' a1o se togother. [he êsflgctlon tn i-k hp"s nof

been Lnr:a,slrredo i,f tðr this test ths iroads of ùhe ¡Ivets

were d.rl11cd. 4çûyr and the ehenks strucie outr lrhen ¿t

Ì?ec ssen that tho rlvat hcedg bad. pteFsed thensolvos

about 0" l{ m¡r lnto thu p1¿te. the holos ïÐre then

drillsd to 4! mm d.íår¡et('r (t¿4 inch). The table sho$s

ths ehengê in length after esch ops?Éìilon ras comgletod.

Aftêr

.g49å¿*¿.
Boleg Rlvets
front back avef,êgs ?¡ont baek âvêrâ.ge

Blvete Lrtlled
6truck out to 4!nrr
evêrâge dl a.

êvgeggJ

!he last dscl¡tal place ls not qutte certaln,

lhe reason fot the Bttenston of the pì.at o ln 6triking

orrf tha rlveb is tto ! clorlr, ar:d n¡y be an srror ln

roeagurom€ni, lloie tþe changoÉ ln ths Lln€ o-1 âfter

ôrfIltng. I¡ator lso platos 12.J rnrl thlok çêre rlvete4
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,"U-rnrt tn the gåne ïråÞngr, and, b.årê thB meesurenônts

ware qul t6 ôåsyo Safore noesurlng the trgo platee, the
gaugo lln6s were oÌreeked, and. t)re plates held togethor
wltb br¡ l.iE to þa gortaLtì ijrat no cu.rvatur€ from th6

plete vou1d, be includsd. lhe plates were punolre,1, and.

ths tryo facos from whlch the punchlng rÍaB doDe were

bolted together, then ¡iveùod, the ¡rsssure bolng about

40 tonq, and iha rosulting changê ln length â.s sho$n ln
Table Ê, After rlvatlng, the thlÇkn6ss of ths platee

HâB neacured ln a numbor of plocea, ênð tho r€BuItB ere
glvon ln flg" 1], t:otng ths lnoreaso l¡r thickrlegs ln
thousand.ths of ân !, ¡loh,

f f r¡e ae su¡-¡r o rat ths curvature ln a glvon

dl ÊtâirrÐ lr unlform, çe cån compute the distcrtfon of
the surface f ro¡a the dlfforenoe ln thlcknass at the ends

anô tho côntre of the glven illstûnco. Ihese valrrês êro
glven Ln eol" 9 of 0eble 2. The extenslon ln tbe csntrs.
of eech p1Àte lB oqual to ths dlffe¡an¿s botrçeen the

observed valuee (co1.7) and the amourìù of ourvatu¡o (co1.1O).

fha cxtsnslorrs âr€ theR rlrawn up, anå ln thts mannor Fs

obtaln the lengthø ¡¿, n, or?r e, r¡ s, t, Ln thE pl,åne of retr
base L!us, âs Êhown tn f.tg. 12, lhe ôottsd llnes are tha

eorr.espondlng values *f te:. punchlng to a scåle 10 tlme¡
that of the full llaoø. !n tho centrs of the plato ttitr,
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tho apparonb BtresÉ bstreen the rtvotE te 650 trg/om

çhàle cloaa to tha rlvet (r) a stres* of 26tl0 kg/cn

extstsn ând. tbts ls greaier fhan tho alaetio llmlt.
If ie pr.obable thal; ln the'ro pleces tbsre lE ooËpresslon,

êÞê 1n splte of thL¡ tlrare axlstg conslô6rabl e tonslon,

thê surû total balng zoro. gor th6 sa$o rêêeon,

comprorr!on aâ.ñAo|, ÞrJ.Ët tlÌro',:€hout the wholo len6th of

t!¡b ltne îì-n-o-p-4. [he clastlc 1!.mlt :trâÉ bsen oxceed.acl

on th!s Ilne, anô tho tenelon etresges whloh aro

naturally preeont hâvê not Þe otr a'blo to. ovetcome the

alastlc Cof,orrn&t1on. lhe curlous conduct of the Ilnes

ê and i of the flrst t€st nlght aloo be explalned. thu6.

reæj.

À bulge on tho eôge of ihs platoÉ may Ïe

sôen !n f¡ont of ühe rlvoàs, cåußêd bJ, los compr6sslon,

.malnly on thB internal cågð l?il€re àhê tBo I]þtsE
touoh, alccr from l,arget,compreoslon nea¡ the external

etlge of, tbe rlvot hoatl, ¡¡ì ordor to moesurs thÊ

Lnteinal deflecüion tn the contacü areB of tire platoa,

four hol,os I} u¡¡ ôlarnetor sÈrs drtllsri ln the uppsr

plate. ¡'our s!rês vere solCored. is the lower plate,

and passeê freely through thess hsLes. Íhe rnovemeüt of

mârks on thess wlres çâ.s rûeâBureê, and hence the

vsttlcåI motlon aûd, ¡otatlo¡r ùf thê basos of wlres nas

rocordeê, ae 1n flg. 8" Itr ad¡lltlon dêfl6ctlons reere

I

2
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oonputs¿i for a oyllndrlc¿1. lrole.of equal ,ilamoter, and

vall thtoltnoes egual to ths dlstanoe frcm the eilge of

th€ pIêtêÉ fo the rivet holoo Iho per¡ranont 6ot ln

tha plates wae gfiall when 1eâd rlvêts were usod. wf th

low conpreagton (alout 20,000 kg). Srrt ñlth hlghsr

eompresstr)n (r0roo0 kg), plaatlc tteformatlon lfnee

esrs vlslble, and. åt l+0r000 kg, the ltneø could be

Beon at lho odge of ths plate. lhe sla¡tlc llmlû çês

oxceeilod aå .tht B potr'¡t. Sscause these 1!.nes a¡e

cLearly rlÈ!bIo shon rod-hot stEol rl?6ås are useil,

they may l¡e Ëhs rè$ult of hlgher tenpereturas rather

ùhan hlghar eoTûpT e6slon.

llrh B tÐrnperåture ças measursô ÌyJ. tll pyrom6ter.

elerue¡t¡: plaaetÌ ln boles d.¡111ed tangenüla1 to .tho oilge of

the hole f,ron tha edge of the plate, anô ths il€areeso

of temperaturâ 'ìïâs greaÈost und.gr the bead.er, belng over

!00o 0elolue, or'9J2o3'ahr. [he rlve.tlng aao Éone ln a

måchlir€r andl requlrêil 1O eoconds to forn the hEatle of the

rivats, ånA lt ts posstble that emallsr chan8êE of

temperature roultl rôsult fron machtnee çiltch eoulô ñork

faster. lhe châng€ of t€mperâtur e elth respect fo the

't!mg fias detsrraåned, .¡eDy carêfì¡I1y f,rorû nany tests and'

ôtagrane. 0ften onty ons rûLnuåê efter ilrlvlng a rlvet,

there lg a tamÞeratu!ê of bårelÍ 500u eel. close ùo the

lreaêer, ancl by faeù sork, a rlv€à cstr be plêood ln very
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muÞh 1Ês$ tllne. r¡hes0 teÉt..j havs ghorn that .i'ery Largø

tð¡ãion end. corapres$lon süt'åglros toud to ocour: j.n th6

Èâmo .rgrglorl. .û,t suoh '.rlaces iì.le '¡rJ.ttLo¡as$ Id ,¡o¡y

g"gatj, oepoeinLty vhen thê ooin$råsslon of, the riv6tlng
ia greator tir€n rì€çss!¡åry. iflth the stres6ès erlstng
later f¡o¡n 1oad, fracture may 6.âBlly t:osu1t, gartloulârLJ,
qhen the holo wall reas prevlouely lnJurad :from punchlng

antT røsr¡rlirå. Àtiênti0¡ì {hculil 1,ro pai6 to ihese features

so t'ha! rlvsls aro '¡1oi ,nado hoitsr than n6cåssary fo!
drlvlng, co âs to âvold ercesslve heat ln ths rlvðtË and.

plates. Íbe to¡¡pressl.on of thâ rlTetlng machlne should.

not bs too lsrgs. Alv€t 10$6 of small pltch should not

be contllruoltsr bu'u rather flrst tbree 1.lvets, then lwo,

ùhen oner sc tlrat the yellorr and. blu6 târnpor colopr on

tlle ÊlGê1 p1{ìbo ¡ûåy bo avo!dsô. tf nono of the,se colors

¿Ìr€ ses?r, tt ¿s not 6ufftctent ?!oùf that the 6tôôl hâe

not 3êachðil hl6ìr torn¡eraturoe, tlnoô thr âlr håB no

aômlsslon to thoso plaeosn end. carlnùt foÌin the thln skln

of oxldo to shloh these colors aro due, Sometlmes àhe

plåt6s arô not clean onough for these oolo¡"e to appêar¡

[bo e:porlrnonts of Prcfesscr 3B'J,)¡ann sent f,urther l,iran

those of Frof esgor' 3aaq111n.of, NorthsegtBrll IJniversltyl

!va¡lstonr Tll.lnoie, U,S.A., publiÉhed ln tiro Journal of

the flesËÐrn $oelety of grgì.noorsr Junê, 1!1J, oarts of,

sh I c¡r Arê givon horo.
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0n aecou¡:b of rlvotlng! Étructuräl pl6côs

ar.e lon6or thån ¡1ÕrtnerÌ. Ueneor tilis trua Iengfh 1o

macle eho::ter by abou! \112 o! ons tnch for ovory eix

f,eet of length (sea 5,rof . Saetlutn). ¡'rom thl !t 1ü is

evlde¡t tjlêre at6 often very larga inl tlrrl streBse6

before çorklng loads are appltoil. îhlB ls truo ln

thÈ ßåsã of sueh a Pla',o âs thlå , whors

ùenelon occlå:'s lir tila oel1tr'È, aaô coropresston ou both

sldos. fhèËa m'¡st bs oq:a1, nnd the elastia llmtt llr

sson reaohBtl lf the for¡¡er stressss are h{gir.

gïperlitrentß rnaûe by 0.IJ. 6 f robel ( Irans' rlrr' Sôc. Civ,

f,n6" 16ß6, p.103. ) showedl that aolu'nns raaås f lor¡¡ zoe

!ârs rlvsieå only on tho outst'and'lug leg at tila ðnôs

of the e eetlcn çere klr'¡ked' trn d. o:r: ìrigh com?r'eç sion.

$ð knoF tilât tn Ð sLd€ plate the stlessê9

on tho odgo of a slnglo hote rylLl bo ttço to three tlnes

that of the average stre,5s aoross the sactlen. ¡1so

it 1s ttue that ln a efla}lsr' plate thoøo cT¡"'¡gsos çll1

aÍoeêû tlÌq slâ$tlc llr¡Èt tn a small area, Slustgel

ì:ae a fatlgu€ 11,ntt *bout l+5$ of the ult!mate strongth

for contl¡ruous $três:l 17itj1oìrt revorsal" thus lt soeÛte

ìnportant io lnqulro about the lnfluencs of gueh ovs¡-

stleEBos 1¡r the rðglon of tha fatlgue Ìtmlt" 'Ihe

tests eere mad.e nl th å naohi:ne deelønoô 'Þy Eâlgh f or

thÊ puspo so, e.nd. ßïoclnB¡s of one-sirth åcbuâL tr5rkln&

,llse ço3:a usoù. å tesÙ bãr 'qltho\rt holço (tlÀll ) sss
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ôtestoå, havlnå an ultt;nate strongth of J4.J )cg/mm",
.)

ånd,. el¡¡s tic limlt of P0 kg/ mrn*. I t. caryi ori a baso
eÃ

Ioacl of 10.2þ kg/ r¡:n" qI lit 28J2 x 10" g trosg

r6yêrsslË of t 9.45 trg/,rm2. fhe ãtrôsßes eirr:r:gad,

alsq bâtse,3n +79.7 kgl n n?' and *0.80 kg/mm2. fho

base load. rgås thån ¡lede 1I. ß :<¿f ,tn? anû tile rnaxiìnum

ctress &boìåt 21. J Egl nnz. Untor these conûltloEc

tho bar sloçly bxt ôonstsntly stretchaô,

A bar ttçtr of equal cross çsctlono but

nlth ollly ll" I rnm radlus on the ehoulde¡ of the

test sectlon bogerr to ta¿r nhars

thÊ Etrâcs{rg haÈ not equally

dl s trl buteû thensel,vos, af,ter

529 x 7-O" reversalr,. Tjris ¡?sB

tho têsu1t of, locel òvorstress, thls ees also sho',rn

by Professor Ookor tn an oxe¡llnâtlon of cellulold
plstos undor po larl zed llght.

. Anolhsr tosi bâr llDllr slû¡ll,ar ào ùile

flrst one, but 19 mm vld.a, and. havlng ¿ holo 0.6 nm

d,l{rìn6ter ln åìre cetríte eag loadod 1n thls nånfto¡'.
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. A miorûpho togråilhìe €x¿¡riìlnrlÍrlon gavo

the dlsns'e t¡r to *'so'¡t 0,0.9 to 0, 1 rnm, thio bolng

muei¡ snâ1ï.ar th ar'¡ ti:e hole. lhls ospârtrrr€rrt orì118

forth tho Lm;ror ta:t sto.te,nsnt that tho looal chan¿e

ln glresit lraû not auoh a bad. lnfluencð ås !¡€ ìrlght

oxpoct. Serles of toet bars et€re suhJocteê to load,

and. Èho results o:'a 6lvoit lu thr) t¿b1s f oltt¡sing¡

l'urthâ1'r t'nEsa expo::laen$s 99en to

polnt out t)rat looal oïgrsilres$ doês not lor€1' tìrù

u.l.gl!ûetê Bt?ength f <¡r crrnt!¡ruoue sttrsÉs aÊ 9ê ìúlght

havo axpeoio&. À daflnlts Juûginairt on thls mrittor

lo posstbLo f,rom erporlments n*C,e only on EtrucÈurål

pl€oss of, worklng g!zo. tt r¡Ppaars to rne that Even

t¡hen all thls lnf c'rmêt{ott 1s p!.ee oå togåthor', tlre

tnqulry l¡rio rivoted Jolnùs ts stlitl" n '¡1ah f leltL for

rsEêâroh, 0ur prosent knowledåe tloee lroÈ allow ug to

êffoct nìrcb savlììg ln ¡¡atsràtll. but thle rnay bo

effoctsd by tlrc uss of htghor allowable streÈsqð or

&lffsrent notho¿ts of il'osfgnlng Jolnts'
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BES !Ë0ïrr,rltÌ.¡.rt0lT ct 6rr$És À)Í9 srnAx$ 00IrÐITlONß

IIf Ðrü! PlAr,Tr glg{ nÍrrERfl'Ion fo A }!arE gÍRÐlcitÐD

aI_g:,19_&IcEr!,'.____ ___-- _*__ -, -*. _

Ðootor 3i etråah Fuh1, :ûrtmunal.

5ee fiZôlt,.0hrlf ù d6ê Yet"ef.!rös deutccher Ingenleure
Vo1. 64, ¡¡o" 29. July 1!20"

îranelatton by e . Ìï. Ca.rry, ì,larch 1!â8.

PnmIÀCfj¡ 4part froü ihe general consfßÊ!etlon of

force d.lttrlbtrt{on tn rlveteri Jolnts, there is onq

ÞolnÈ nhlch is pertåcuLsr1y lmïorta¡rt l¡r sieel

constrï.clilon problertRs, Íhls ls ths transmlaston

of, forcee f rùr¡ a riveù to a p1ate, cor¡sld.er6d, wllh

respoot to tho çtress anè st¡el n oondi tlons theretno

Tor the solution of fhls froblen lt tsas

nooåÉsary to buiLcl. â rrêç åFpßìîetu6 for straln

measurêm6nÈ, of nhtch the te¡o maln parts Trere the

rnlcrorqotor ênd tho ¿uÊÉ,ê.

[he extensorneNo¡ has about 2! tlmes the

accì.rreoy of Heasurement obtÈln3d tn the. apparðius of

etther Bírusohlnger or Mârt6nB* À6 fâP as the åuthor

knorrÉ, thig le ¿ nerv metho d. of exÞeÍtl¡t,ntal ln611l¡y

lnto gtressêsr eytd th6 use of graphlc mêthodB on the

msasurod st¡.aln le ernBlsyoð_,

36ceìrËe of the ìiìathemÊtlcå1 treâtmôntl

It 1s alç¡åye possl ble to determlne the strese
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coÐôlllon ttt oû¡.¡ pXane rltb lhlr rneiliocl. t!?re$e

o lÉovvailons ßh0É the t l¡rrr¡eûlate15' 1¡ f ¡o¡t of the

r l'seit tho¡e¡ are fllrge stï e$ÊÊf,r ?íhr- c?,, corrrþl¡e<ì.

r¡lth rclatår,'è1¡¡ Êr,e11 1oed,e, rll.l er,ce ,-,ô. the

e l"¿çt*c l:trrrlt,. r!!e loc¿1 ô.lsturb¿iucee ln råtenr.,

conilltlons thug o¿ueed sêt üt) a Ê!B ciel ktnd of

force tre.nsmleslou from ùhe flvef bo t.he hole syr.lL

lr' ø very srno.ll areø. such thË-t l¡i a sho¡t dtêtãnoê

fro¡o tho bole the d.lstr:.rbances c¿n hê.lrlf y 'Dê

ôetected.. She lncreag6 of, Étr€ss ln a cross sectton

through the csntre of tbe f,ivets at the hol,e ed.ge le
1.62 Èl¡nes tbe avor"ago etross founê by assurntng

ï.Ð!f orn d.tstrlbutlon ln ths gross sectlon, Bhs ex-

perlmental apparatus raây bE usoå f or rlat e:'rrtl:rlng tho

strEEÉ oond,tttons ln a aystora ìrlth t-,,ro arrs, lhe

d.etovrùlnatton of tho anouni of ilte Éortioa nornal to

ilie prlnalpal foroe ts posslbLe lrr a vory slrnple

må!1lr ar ylltir ti¡ts exton*o:reter.

At tho prosont ttme partlcular atta¡rtlo¡r

1e belng palù to f o!ñl!r€ butt Jolnte and rlvettng ln
brldgê bullrl,lng, å!¡1 thðrê ls a vor.y s¿ro[g tenôency

to 1n"eßtlgats thls plrs.sè ù:f oonstru.otloil ùn

tbeoretl,oal grorrri¿ ¡¡e eell as experlnrenôal. fheoret-
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icn11y, it ls ?o ssible to comp':rte 6râótL)¡ th6

foree d1ãtrlbu.tlcn tn a jotnt wheR $e lrnow the

ôof,tectton tn ali. lts p¿¡¿s. !utn con*l rîerl¡1ë

only tho flrst rÕn of tlvêts ln a Joint, for
êx*rriplo, to f 1nd. the dsf,lestlÕn r,rerosõ the rsholo

p1¿¡t€r made u¡ of, thåt due ào pìtr¡chlngr ai1ô thât
.ôue to eêeh rleet, 1ç not a slrnpl.e matte¡n

Fu¡'thsr, so must elearly õsFÊrBt€ thaf part of

the ûof loct!.on ln the rlvots $htch is due to

shear end bendlng streãses. Á Jolnt must be

rêgard.Êd he¡e ae a stàtlcally lndetorrnlnate

systEm ìvhose solutlon ie pogslþIo. Ono Ï¡art of

thÊ nìåln to-sk Ïefore u-q hafr bee¡ rxperJ.rrtontrrlly

end thoo¡'.6tice11¡" eolved., büÈ one of, ths heavtest

proþ1snð ". tha transrnlsè10n of, f,orces f,ron the

rlvêtõ lnto th6 platå, fihtnh i6 a.ti6nptêd. hsrsl

hae not p!ovlously.beên triêd ln Germany,

lat e ln !,terch, 19LJ¡ ther e appear ed

an artlcl¡¡ tn ll Sngtneerlngrr ¡, Prof. 0.G. 0okot,

entitled ll 0hs Ðtstrlbutlon of ßtr€Êe ln s. !lato

Ðuc to r¿ Rlvot. tl [ho ¡vork of Prof " ooker nppaarcd

ln ths Journe,l at a t J.ne, çhen Bom6 part of tho

appsratì¿È (¡,6slgneô by tbe êuthor wa.s alroaóy built.
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lro¡ô ühlã lt may be soen ths.t both vorkø arir qultr,l

tntlapenden,t of Éach other. fhe a,ctual exper'lrnento

are dllf f e¡ont, and. partlc'*1ar ¿ttentlon Ìnußt bo

calleô to iho faet ttraù Frof,. Sokar rr.setl the

oFticeÌ intslf ôrencq r¡e¡dhod. of 6trBss äeterrr,lna.tlon¡

ln whlcb the body under (rt¿tlil.nøtlon must be mada of

transpãront msterl¿rL s,uch 66 glÊss¡ Íylonltør or

Nltrooellulosa, It e later place the meaßurerÀêntÊ

obtalnoô by ooker a¡e ehosn Ln comparlson glth thê

BreÊont resl¡lte" ($ee ftg" 10). fo¡ utlllze.tion of

the exper{mental rssulta 1n coraputlng the titetrlbutlon

of foreoe tn e Jolnt, ths ôlstorùto¡ of ibe rleots

nust þe roprssented by rnoans of r¡atb,ematlcel'formulae.

Ëp ec J.f, I ce 11y, the problem rêqutrln6

eolutlon ts thlsl- bhe etrosu and etraln conêttlons

ln a plate 3.oaôett bY a rivet,

. Íhe forc6 trensr¡1i tieô by thô Þ1ato shall

be a tenslon forcar corroopondlnß to the ctr"u nlr"tôy

treated, enô tho rlvet shall bs on the end of the

plate. tf the foroe wae one of compresrlon, tho'

6t,r6sÊ ðistrlþutlon soulô ruD lr, qulte another

nìêftn6f ¡ trlt th6 general course of the oxpei!rnent would'

follon the sêaê prlnalplê. The vtvot tg nornal to

the neutral axle r¡f tire lrlate. It rney be taken for

gratrteè that the Btressês r'¡hlch vun ouù frorû the

rlveü ¿iÊtrllute theroselveE unlformly i¡hroughou'¡u tho
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thlcknees of ihs plête, fhe problem oan be oonslder.od

ag ln one p1ane, or of, ßtress lü tto âx6s, w}¡lle the

dleüortloÌ! nornal to the plene ôf, the plate ls
neglee úod,, îhis 1e a maJor p?obl.ern srhlch ls not only
of lmportanee ln rlvetlng. FhEre ie a slnl far problem

ln tho etloss diÉtrlbutlon ln eye-lars, e.6 ueoô ln
o1ô Àmorleen brldgea, alro ln t,he tlnÌts of ¿ chaln

belt c.rive, 1n pract l,oo, e ye'oars a¡:o used. f r.equently

ln wlre rop6, Fhli¡h le enòhor.od by meane of steel

bolts or olamp6, as ln *!.r¡ri¿tne or d,trlgtlle rlgglng.

!bs. streßs dlstrll¡utton ls kno$nf,or s f,1AÍ pletè f ro¡t

the U1aÈiic gheory sh6n the dlßplêcemer:t Ç and ! ln

the c1l¡eciloli :t snd, y are known frr evêTð¡ polnt throu.gh

two funetloue tn i ¡¡ni l.
If çe coneirler tho dloplacêrrrênte Ç an9,

d¡ann on ihe coordlnate planeo xr Ír lcô obtaln ts¡o

e.roas Fblch Eo ¡ley call the d.løplacoment ar.eaa. ($ea

f te. 1 anð ê)., Th6 str€sdos ãx eird ê4 e.n6. I a1low

solutlon froü ùhe d.erh"atlveE of tbese ôleplacoment

functlons.

shus, Ç = Fft, /) ";ø, and ¿ = f?,y) - --Ø

Tlren â,x =A¿--/rnAF -+ ò.ul - -"@
mz-/ | 3x èy /

èq=-rnE /è-E + /77à-¿.) ---@J mz-/ ( ê, èy/
7= 6;12/. + à.f.l '-"@. ê)x èy/
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.q, r tt åÈ bett6r s{:EtÉd. 1n iha d"etal}eô

pep€15 lt lc not posclble to ne.s'oar ¡lhls ço¡'lr f ronr

anelysls of, elml 1ar oðs€,ßr 3etie:. prospeets are

offereé ln an approxt¡tate golutlon aftar ths rnethod

of nltrsch{ìn. (See IJorsnu, 1911, pâg6 543. )

Íhe autho¡ trlsd to obtaln a stnrtlng
polnt from tho rôçttrrð Ju.st m6ntlonod, Tut such

eompllcate<1 exprooslons result6!i. ihat furthev r¡ork

appeo,rêó useleøs. In tbe Êêmo ln6,nr:er o eiart !y

the t¡lgononet¡le eerlss c¡f t,h r¡ nethod of 1låg€r

brought oheos. ff rs e¡¡e tro niå,k {, F BårdFlG slÊri.

*t th6 solu.tio n, eï! eÍpeI'lmÊnt' ls Ès066Êåry to Ého19

ihat the reEults of thls approxlmatlon ârê eloBo

enouê;h to tho t¡ue resultE' Ibus. lt was abrolutoly

nðûÉsßêry ùo lBarn froru expertrne:rt tlie 6hape of th6
1.

ôlsplacernent area Ç an[4 . llrh on the curvos Ç a.nd.z

i'! À' knorn for a genorel cose, thon lt 1a poøot'ble

t,o try t,he eu.rvês on ths genêY.i1 conAltlotìni before

uÊ, anê there le e f,&¡' bêt'ûsr posslblllty of

arrivlng at e uscful rÈsult' ¡lut ln ålL ßâ'åes the

o:rp€rlr¡lent garo an absolute solutlon for any glven

caee froe from obJectlon, lho publ!caÈloa of the

resulÙs of thLèse erperlrlonte eró the hlnt of the

lmportauoe of tiro proble¡ns glvse rise to the hope
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thab tt may be ¡roeatì:1e to ftnd â. sórrrloeõ_b j.û

r¡¿' th Êmst I c a1 ståt6¡ìiqnt for t!:eff¡.

31e.1, tlsFls,osü6ht a¡oa Ç of tho

plate loadeå 'by e rlvstr

¡. ig,e- ÐlsplacÉr't€hL ar oaolc of tbo

plate loaded by a rl.vet.

ln prêpåralion for. the sxpe¡à¡nent, the

prlnelpal though! s¡.s to oerry out the testç ln such

ê Í¡aínar a.s to gtve the resrlte whish çould be

neoeBsary f,or a laÈor maihemat,tcal trsatßento

Correspondlng aractly. t,o the n¡athé tåtlÕê¡ Ìûethod,

the dleplacsment åreÊÊ Ç a.nl,,ø çere ôetermlnod-, and.

the t,angent thsn û¡arn to tho. curïeß Ç antt4" I,rom

tho tangont values obiaineô, tlra stressot ZX,Zy, I
(f rorrr fg. l to 5) wero f ound,.

fn order to Justify t,hs netlrod chosen,

the speclal clrôumst¿rncos and tecl:nlerrÌ ¿lff le.rtty '

of the cxpertnBf¡t muet be polntÊd. outr alÉo the fact

thal the aoLr¿tlon ws.È åol Þr6vlo ËLy a.ttoraptod. ln aa

exact manuer. trÕr synmetrlcal foroee, çe must havÐ

aù locst ührec; plat esn ( See flgr]. )

¡ig, J. Gsns"el v16v sf the, Jotnt.

The syrûrn6trl.ca11y loaôed plaie ls placeô

teüfiÊstr üh€ tno outor eov6rs. vlhl eb. åre âocssslbte on

one slde only, 3ut ào cerry out fhê meåÊurerltenù of

dôfleetlonr 1t sae nece$sary to compênsate th<¡ 6rro!s



â1eÐys preEÊnt by rä6¿6Tlv¿¡g both Èièes at tbe grr.r,le.

t lrllé. ft sas n8c6ÉrJðry to place the platee apr-rr t

f,rolr, onÈ enother, as 6ho$n tn f ì¿5.11¡ $o ihat ths

syumetrlccl l y 1o adeú

ttg, \"

contre pIêtê sould, te accor¡sl!l"e for observatlon.

frtth regarô üc¡ the bendlng ßtxês'rss !r! the rtvðt,

the spaco rsr bot*eon the plates u6èd for

mesFurenent l[uÈt ]6 made ee enla11 as po*slble. The

t6nsion €rtp iE shotÌtr ln ftgs. 5 end. 6i onê onil

ho Lôe tlre Þl'ete' ånú tho o ther f lí-!¡ 1¡to t'he r¡acrhåRe"

Ibê dlËtsbcs ll 6ll tç 16 mm, 0n åccotJ.nt Of lha

rtei¿lty anû ths deflectlon of, tbe rlvet¡ the loeô,

dld. not excead J000 kg. ftre r¡lethoôe u'¡reê uÞ tl11

noç¡ aDd the a¡rparotue for d.oternttnlng tb's 6tresÊe'ßl

nemely those of Pruõ€, Ruåeloff and Coker qere of

no account f,or thls York, whlch Is sel] ôaplatnêA :n

Reeearch !o olc ì10. 2Ê1.

Otr s.acount of the êntlolpatêd Fmâ1l

d.af,1.ãctlong, 1l was nêcêssary to butlô an extenEometer

of greÉt aceuraoy sr,d flno nêssurÊrnent. Sransletlon

of moÈlon w&E nêcs6tr€ìrt, Éìnó tho riiechanisrn haô to be

plaee,cl orf,teidê tbe fo¡ke on åccotJbt Òf thê ãm811

cloars.nce çtdth. !ho appâratue hse tv¡o maln part*o
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ono of mhtch aas the garrge pteeê, 3f very smalX

dlmonolona, nhleh !sås p1åc6d betçeen th6 ?l.atðs

.åûê t'he forke, anô r¡hlch øarrleð l,he mo$lon of
the pol.nf s to thc outetôe of the forke whero

megnlf yln6 appa:,atu.e was plae ed ( see f 1g1. !, anti

t5, )

Slgso g ancl 6.

.A,s so $ueh éepends on the adJnctment

of, eu.ch a, nochanlsmr thêrê 1E a fear tirr¡t lêoaxr-se

of a fault'ln tho transfer of motion, tho ieslyeê

accurecy mey Þe lost, ånô partåcrålar ettBntlon lÊ

roqulroô t0 a.vold. thl e unf avoFâ'01ð con(iltlon,

S'¡om a spêa¿¿'1 oãpêrlüent vlth t,hle åÞstÌumor¡t¡ lt

ças founû tlrat the accuf,Ê.cy compared. io that of

MartenE apparetus eeÉ 6xaotly as comput€al. Saca,us€

of, tlre lntÊraÊÞt on th6 èc418 þêfng etth6r the nùh

part of ühs lûad, ol" the nüh p""t of the measurorl

Als*Ðnc6¡ ths €ccì:racy of, the lnstrurtent le n +,lnos

as great âs the øtnplo apparaius of ¡'lêrùens, thê

rragnlfylng pôçer tg 2! ttnres th¿ü of l'Íe.rt8nsI.

!o utlllze th16 accìårÊ{ey f,ul1y¡ lt 1r obvlouø1y

necsslttiry that llie applletT. 1oa(1 be mes.sureô çlth

Équal &ccuråcy. It nray be polnteé out that 1t 1ê
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DoE6!bl6 tô dÊtôrûtnú àhe amouÐ-t of lsts¡al

êietortion plth the !nctrument, hance tLo gatrge

plsce was plsced 1atolally ånd longi tudlnally

at a gtyan s$ctàor¡*

E0ç Etr ElitsRI¡'tïtf $ vfas 00$Ðu0[F¡.

Flrsùr th6 propertles of ther mate::l¿1 wae d'eterrùlncd

from a strntlar tè6t p1€cê. MÐ.rtËvtsl afipêrêtuð ÌaÉ

use(i to detar¡llne tho eler*tlc lltrtltr ths lúoôultre of

nlastlcltyn âtlû the ylol,d. po lnb. Bhe o1sÊtle ltr'11 t

., s¡'¿ê tho ylo1d. polnt wera f ound f ron t'he stress

s trê.tr¡ dlagramt ânô geyê¡

filêût¿e llmlt, 2190 ke/cr¡'.

' Tà o1é Fo tn b' 25õo t: 
"

UItt¡lãtô Blrength. 37ßO rr ti

lIaÉtlo i'dodu.lu*. 2'05OrO00 It I .

Pêrcênt Slongailon ât Ul t'1måte gtrev:gth 27.3

.â,r ea. of ¡1r¿ìeåur€ Reðuceti to 7?, ifi af orlglna'1 araa,

îhe !olt rcas ruad.e of the bect Rel'ìrel¡1en steel of

?000-9000 Ugl cø2 uLtln¡te stren6th, and other

propelt,las ser6 not known for the bqlf' She net of

ooord.tnetes was draçn on the plate, and the

lnt,or¡ectton polvlt'ð rnarkeô çlth a ce¡1irÈ punch'

fhe *yøtom of polnfs anó' t'he no tatlorr employeô is

shq vrn ln fle, ?,

X'te. ?" iìxperlrrro:rtal Ft at,st a¡il Gonsr:al Notattorr,
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Ehe range of the observatloit r¡as 2000 kg.

For !on6 B€rtGBD tbe älvlslons Faro ¡oa¿ at 500 ke

latervalo. lhe actuEl loeê varle6. from 600 to 2600 k6o

Resdlng6 têro cotDßênoed, çltb the tnltlaL loeü, prooaetloil

to the to¡r of tbe ferge and back, but the ùo¡r reeólng

çaa ¡ot È&kên Êo at to 61lriìlnato tbo €r¡ors ln tbo

rûaoblnå itoelf,. t)',e I o ¿,.t1 lnrllcstors asd tl¡a erËtenso6åter.

Íhe naagurc¡¡ent of the plate atartell ùlay $tlr¡ 1!1\, antt

the lnltlal Bolnù lo narkeô tllll on f18.7" fbtt potat

taE l[ fronù of tho rtvat, aaô rag the harÁos! to reaob.

!!be ôlaplacerne¡t In croÊ8 egctlon $46 d,atcr:¡lneê as far

as BoEslblo çltb the 6xtðDsonet6r lu lts slopleet

arrangercent (seo ftg 5)" fha toçer wae plaoeû on the

leteral eêge of iho plste. ¡n thl 6. wey, all lateral

dlefleottons rere r6fo¡roê to the eôge of üho plater and

la orûar ùo gat Èbe iteflsotlonå ref,err6ô to ùbe X-atls,

cerÈaln values haè to be subtracteô fro¡o ilrooe reað,

an(l tb6 X-arla ltsslf ailposrèd to ñove to ths eilge of

tbe plato o¡ tbIE account. Duo ùo a propo ro1 mádc by

Ðr. t¿or€nzr en €rpcrlrteat øas ma¡lo $ith ¿ loaô plate of,

thr Eaû€ dllrasnslqtrr ã8 tbê stcel plate, Ènè an tiÌentloal

net of ooorôtnatc¡. llbe loaê plate urrô'r 1oa'l gavo a

ôtsùtnat ôefleetion ln permaneut sot. Ehs plate ta

gbo¡n af!ar s99 ln f16.8.
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BORK¡N0 Olrt gHE ÐXPm¡¡¡lN8Àl¡ RE9UL[Sr ÀSD DSTEAU¡N¡N0

TEn SISESSEg.

. fbo tltaplacomenÈx Ç an,6,4 çe¡e dlraçn

up for the lstsral anil longttuûl¡al eecùlonË, and

tho tangentr¡ .l6re ôtana on tho curveÊ at eacb polat

resulred.. ¡n thts "rv 4 ,*, "#,% re!Ê

ûerlvoil. Í19s. I sûd 2 glvåð s Euftnary oketch

oonoeralng the di ÉÞlacemênt Juãt ln front of tba

rlvaf. Her€, Eons d,lfflaulty çaB enoountor€¡l i¡
ôeternlatag the gt¡EssEs by dllreot raeasureraent, foi
ln froni of !be. rlvet they bocane so hlgh tha! the

elast!o llmlt eas ¡raoe oil anô the EtrêssêB eoulô noù

be coEpuùeô f¡on the EleE tto lheoryr [he probable

coursô of tha dllsplaoement eu¡ves Ç and4 for an

lnagtaary ease of, ââ s}åstlc conûltlonr supplg!ûcutoô

by aotuat knórletge naE establlsh€at, anð the åtresses

f,ounil f ro¡a tht¡ metboô nere ueeil aB trleL valueø, aad

f ounil to be aoourato. lhe 6tressô. êx,Zq ena I tera

ô6t6rmlneô fron ôqueülons 3 ùo !, atûotl by tbe

dlsplåo6nss$ cnrveg. lefgro tlra ¡tregEsg oa¡ bs

ðoterntncdl, tha above tangeaùe r0u8 t !c founù. flbE

ralue of tbe llåEt!Ê Bodlqlus ls requlred, åt tblg
polnl. fho "aluô of tbe Mo iluluE ffEÍ ts founil f,ron

tbe plate at ühe polnù thlrs tho rtresBss are

ualfornly itlstrlbutsil ovÊr ths trosF s€ot1on, thlr
locatlsa balng not far f ro¡¡ the Ï*axls. 6ts nas
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,oono ìo br ao60000 kg/cn2. ¡a å Etnltsr ntânnsr

tbe valuc of F nlr çlth ref,erenoa to tbe latoral
ertongl,o¡ sas d.eösrÞlnod, anð naø J.!1 . g¡6¡6 ft¡

etrdl $l¡fi ùhê ?a1ue f,or tho illsplao€mgnù foltorsl

- ün 1.1_T*-16*.? 181!ooorg/crtr2,'=ãTñarf = --1677;-1¡ = c¡)

¡troü tho ebove rslattoa tba atresses ln lables 1

to , ars fouuô.
t

llable l. gü?esEêr 3x tn kg/or¡- ror P j 2OOOkg.

Bable 2. stresees ?1fn xel cnz rot î) - 2oO0kg.

StresB€r f for p * 2000ke. -- fablo J.

îhs dlnen*lons {)f the pLaùa års gleên

ln f lg. f , enû the co¡oblnadt sec tioas of the .tço ontar
plåt€t rere ¡oadE equal ùo ùhc aeotlon of tbe naln
plate, ae ln pr.aotioe. [bo eôgo ill¡tance of tbe

plate ln übe illroation of ühe force anô norn¡l to
the force ças aaile 2 rlret illauotorg. llhe stras¡
la tbo f-a¡rl s hå¿! th!€e ûEln sonponentÐ¡ lhtE lF
llluEtrataô tn flS" 9. ¡ü tb6 Egoùlor übrough tho

T-axlg the stresses are ualfornly allrtrlbuteil, andl

aaounteô to 2[9t<g/ cm¿. Closor to the bota a

ôef l,nlte Bptllss upfl of the strbssos ls evlilent,



enil thls (lacllnea v.ery raptilly üoraril the bole eitge"

uâtll ât gocflon 1j*f\4 the eü¡aes dllstrlbutloa nay

be celleô untforn. Hoçever. tb6 lnfluê!o6. of, tb6
bole was poraspülbls sð fsr sa gEcùlon l?6*l?, IhE
altgtanoe of ths rlv6t lnf l,usnoe l¡ about three hole
ô{anetera, roeasureô f,ron iha csûtre of the bolc.
for th6 present oase, rrhare tb€re ar,e tro l¡olâs ln
ùbe tonston noabe!3 Buôelof,f, founô that the ôtÊtancè
of, the ltrfluenoå of öhe holð sås ! bole ¿llaootar¡
thls botirg vory l,:rrgEr Ehat the preiaat oåBe sho?Þ¿l

a snallor illstaaaê lo probobly lluo to the ôact that
ln oonsequencs of tbo oynmoùrloal distrlbì¡tlon of,

ùhÊ 6tr€ss€¡ ln ùhe croEs sêetlonal erea ihrough tba

Traxls¡ tbe lattar aoul.dl not itevalop freely on

aocouÊt of the tafl'¡eäcð of the hole. llbe presá¡t
plåt€ sag üoo rbort for iucb an lavo6tl8attou.

ln gsct lon 104-6., 3r -o , U= o, mu¡t be

truo, becauso at tbls poln! nono of tbe foros'oaa
bo earflêd oy€r üo the rall of, tbs hole. fhe thrge

s€otlons 96, 89, !2, ebor e gr ailu.al lacr€âEs l¡ tbc
tenslon ãtroEsEE oE th6 3i1gå of the holo, Bh¡

gneeüart stresÉas et pol¡t g, fr 9t¿f kg/ome, and.

ôscresgeb on tbê ed.ge of H¡s bolo to oaly tt6 tg/cn2.
Uniter übe assumptton of u¡ifo¡n (lletrlbutioa, th€

strsgå ln ths Enallest Ê€otlon oan bB oonputed to !e
Zm = 1999 - 334 kg/cin."
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l[h ue the Lna¡eaEo of tha tonslou sôf,cstor on tbe eilge

of the bole throu6h ùbe cEntro of, tbe rlrst 1s 9\tlt5l1

= 
2.82 ùl¡lss. llhe lno¡sase of teneto¡ Etråss lÈ thtã

case by ürêtråmlttlBg load through a rlvet ls thr¡6

nuch ror¡€ than tn the ossa of e me¡¡ber tlùh only one

bole. lor tbe lest câcê. the lna¡eesa of stteg¡ as

ileter¡nlne iI by PruBB ras 2.1 þo 2,5, belug 2f to 9l too

smalL, aocordlng to loon åûdl Zodlliohy. ln thê present

oage of tratrsml,Bslon of, 1o¡ô through a bolt, tbo

strÊss tn'ths oroEs seçblotr ?Ês about 1.5f greater

than tn the cage of a na¡ob er slth only ons hole.

0okerts 'selueg for thle oåsð of st¡ess trêËEnlsston ls

glven tn ¡'19. 10.

l0onparlEol ot Zx anô' 21 îot longltudtl¡41

enal orost sscttons tbrough th6 oônÈlo of rtvets çltb

valuss obtal¡Edl f,ron Ookor (stroln itottcit). Dn l6 tho

stresi ualforûly AtstrlÞutsll oYsr ths ?boI€ otoss ¡ectlonï.

9e recognlzs thst tba streg¡e5 t¡ ta tbe

oro16 seotton throügb Èb€ rlYat ceatt€r end thoge l¡

s longttuùItal 6€0tlon sre about equal. l{ot. tbat tbe

6tt.Éc eurvg tlat6rnluoô. by Coker reaabeil only to

etthln 5 nm of tho hol6 aüger rhlla ln thls çork tbô
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Eùr€ss€s are fou¡ê rlght to the gôgs. .è plâao

of cbange la tbs obaraetor of tbe .sùr.ess curvo

1s È€€n boisêon Eectlons 6A-f6 aud. 2J-1. Up

to thts Bolnt only t€bslon strassss ïate

appareat, but hEt6 toaelon aad. oonpreesloa

Étr6ssos Êppeât' togetbor. Sactton ??*1 shotts

tbs ûo¡t ¡rr¡a¡kablc oaEo on the plate. tn tbtE

seotlon ùbe rnaln part of tha loaô leavlng the

rlvat nu¡ù bo Eor¡prEsslon, end' oquax to tho

toùal tonsloä EtroEB f,or' oqulllbrlum. [he

t€nslon ersa of 2f-21 ltee outsllle t]¡s looaùloa

of the pl*E!10 ðef,ormeülo¡r rhlch ooaurg etouåil

the hole eilge. gp to thlE polat tho streEees

oan þe oaElly dlst srr0lneal Ìtt thûut illf f lculty.

.Eh€ årga of übe ¡troEÉ ourvs r€acheg Epproxl¡¡atel'y

2OOO kg, heaaø lt follors that fron polat 21 tbe

curva nust fa11 very qutchly to zero ånd bosonê

negatlve. llhe negatlve êr €q r¡r¡st' teash lbe value

of 2000 kg. Ero€ptlon epp€a!3 only lnsofar aE

tbe laterel salls of tho hole r¡ust also take a

pa¡t of tbE rlvot f,orce. -[a avorag€ of tbe plur

Êndl ûlnr¿s aråâ,g g¿¡ve a foroe of about 1675tsg.

llire gactLons farthe¡ f roro

the ¡tvct torerôE thâ ê&É;e of tho plate shol a
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Blml 1êr obåractâr of Étresß oì¡!v6r but übe valuea

la tho illrestloa of thE côgo of tho plate fall off,

raf her rsplaLly, anil o¡ the edlge of, ùbo plat e they

Dust ûl 6appoa!. ûaLaul¿È1on gave the laigeot

rtfssEso on tbe eilge of tbe plate aa 2J *,þl on?,

fie nsy asnurao that tba str€sss€ 3¡ on ühe avsragg

¡ujf år fron .r!orB of thls stzs. lhe ,tr€rsâá ¿l
l¡ tabls 2 oa tbe .leÞeral 6d€e âre aåsn, aÉd.

ðlsappear on thå f-aris. Eina Zx raat¡ stre¡ess are

ualfornly tllttrtbìttoô on the l-ârlE. .1,1o ¡g tbe

latàra1 sdlgs tbe sùrgsg€Ë havo oaly snall vslues.

fh€ tbrì¡Et Etr€ssos nuEù be ln, a1l latsral areas

of tha plaùe" an¿ in rymuetrlcal ltnss. They

illsappear on tÌ¡å Í- antl T-axle. Turther, shest

Etr€ls6s Br¡st 6xlst aü polnt 6J¡ anô at tho etge

of tbe hole ln tbô seetlo¡ through the rlvet they

¡[u6t bê rgro. llbe conputod valuos at ths eitge of

tbe plate ça¡ 26 t<g,l ena, [he srro¡ ls sbou! tbc

same rtzg aÈ feîZl at6. èg . lo eoropare tbl¡

çLùb oth6r cåsesr o¡ to use lt as a ref,grenoe for
oùbêr e¡rpsrl¡¡sngs !s not poeslbler Blnoê ãbeat

Etr€ssðs hêvo nsvsv baon pravlously tlatermtneô.

Eo cooBlots the ptcture of the $tr36sEsr thE knovn



GZ

r61âtlon tB follore¿I out fron ths known 6t¡6ssEs.

êx,?g,t, are tho roaJor oüreoøor eonputoô for
oortetn polnta of tho plate, aaå sre.f oundl f¡om

ühe illraotlon of the üeJor rtrslns¡ Àft6r thå aon-

pìrt6dl Btr€Es llnee ara d,rawn, as ln f,lg. 11, tbo

naJor rtroos ll¿es nay be ilraflâ ln.

Regaretng sf,tøsEee Z t",io. , lt
tg to Ts noteil tbat sonc of then ln the sorlag

64.t93 ana 69-¡9[ ¡hoc con¡lôor*!1y 1ârg€¡

6tråssEB than Ex lu front of, tho rlvet. Zmø. llnes

¡adlete cloar:ty flon tho rlveù (see ftg. 11)¡

Il¡e reaelnlirg part of tho Plato up to tbe arss

illr€otly behtnif tlrs ¡tvet holo heg only relaùlvoly

small oom¡rréEÉlon fûrôss. Z '',a¡,. aboçs the patb of

tha tenalon foreeg rhtoh earry tbe rlvst loeil to

tbe plate. Eho uaJor Btr€s6 ltnos corrssponôtng

to the htghest gùrsggos srs at Ëha lateral eûge \

of übe hole. Ehe maJor shear stresses glva

oonrlalorably hlgbor Yaluss ùhan tbe 1Ê1uð8 of Z

ln tho illrectlon of tho ooorillnate areoi hoterorr

thsse veluEs ln ths ôlreatto¡ aray fron pottrt 1

are bardly so large ihat they oen be any Eoro

ôangeroul l:nan êmal and /øi'. It shoulô be ¡otaô

tbat tho f,¡orç llnes ôlsappear BEIÊhor at the



6dg6 of, tbe plete, nor ln tbo symn€ùr!.cal ltnes
ahotilð

ÍO BSTB¡S&¡f ! Ti¡8 DTSPI¡ÀOEUENT O}t THE B¡VEI Bf AS

NUP¡BI OA¡¿ DXPEISS¡ON.

F!¡E traaemlssloa of übe load for tbls
oaBc msy ba oonnaeteû rtth thô 16Éultg of, ßuileloff.
[he lnfluenoe of, rtvet holoa o¡r titstortlons nas

ôeÈer¡¡lneû f¡on tho methoû of Zlnìrnorr¡aar tn rhlcb

tbe rlvot 1s gubsÈtùuted ty â rsotsngle of helght
I rllr anô trliltb llnôllr aÊ d.êrtgnetEal l¡ f tg. 12,

1at
1
å 3 dlstanos fron tb€ l-aslð lio the ce¡tre of, the rlvet.
b a rlúüh of the p1o6e.

Z: thlchnoge of the p1êtec

ô g ôlaneter of ùhe hole.

z:- t 1 unlforE Étr6sg i¡ the rvhole croas eecttoa.

E a llastlo Mo èülus.

llhan ?e obtaln, ahowa tn tho detallEil papar, tho

follovlng relatlonr- unôer tho aaeumpttorr that the

¡tvet ltgolf ts rlêtd. Bhls glvee tho rlvot dlsplace-

¡nent sith referenco to tl¡e T-axlE ln approxlroatlon

oBlY' €r=è //-d+bd \-HP¿' ZÊ( - E-nd) '7æk
Conslant¡ n= ?.72, K. /a,/osK3/m,/,?

.Bhe relstlon ts oaly approrlnåtêi For

slnllar câsôã re ottaln from tÌ¡o alovo a value oloas

tothatofthertvotålrp1aoemøt,rhlohflgurels
ño¡ð seou¡ats lf the case ln quesùlon ls nearly

lite¡tá.cal t?lth 6he åbo vs.


