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AD\rK~ CE RES':::'RICTE:J REPO:'lT 

I - C Oi·lPAillSO~- OF SPOT-IuID AliJ) HIVET PA~TER."s 

L f 24s-T AI .• CL.AIl S:-cEE'i - COI:iPA:;IISOF OF 

24s-T ~.c.LCLAD .Al~ 75S-T ALCIAD 

By E. 1:1 . P:.lsGell , L . :t. Jac .l:Sf).1, 
H. J . Grover , c'.nd 1.!. VI . Beaver 

This r cuort co ntain s c.etailed results of a nU!'1ber of f a tigue 
tests on spot- vTolded joints in a lumin'.lil: alloys . The tests dec­
cribed i nclude : 

1. Fatigue t est s on sp ot-weldea. lap j :) ints in sh ~;e ts of un­
eQual thicKIles8 of alclacl 24s-T . These tests indicato t~at the 
f at igue strength of a spot - 1rrclded joint in sheets of tvIO different 
gage s iR sligh tly higher than thE"t of a simila.r joint in t\.,ro sh ee ts 
of the thinnor gage b u t definitely l O1:rer than t ha t of a simila r 
joint in h!o she e ts of tho thicker gage . 

2 . Fa tigue test s on sp ot - welded -:.lclad 75S-T . Sp ::> t-"\\Tolded 
l ap-join t specimen s of <;11clad 758-T 1:Iere not any stronger i n fa­
tig-.le t han simila r specimens of r.lcla d 24s- T. 

3. Fr,t igue tens 0 ': la:,J- j oint syecime::J.s spo t-v'clded a fter 
v arious s"'.l:'face -ore:par at i o:(\ s . Those i ncl'.ldoc1. AC "rolding "Jire­
brushed s urfacos , DC ': ' e~ding 1'Ji r c- "brushed su:-fac:s, and:DC welding 
che:nical ly cleanod curfa c c s . While tho AC 1:Jolds 1.'lero strongest 
sta tically , tho DC vrolds on wir o-brushed sur:2.ces were strol1:',;est i!l. 
f r:tigue . Specimens prepared. in thil1 "ray vJore ver:;r nearly as strong 
as tho b est riveted specin ens tesL;cl f or c om1)aris0r:. . 

~. . Fat igue te s ts on cpeciJ":1cns s1)o t - 1:rolcled wi th va r;;ing v'Jl t­
age 8 0 as to i nc luc.e a lrTicle ranr.~ 0 ": static spot-v101d :::;trcl1sths . 
The f a tigue ntr8:1g ths viera L1 the :::amc orucr as the static stro!!gths 
but sho,'Jed le8G r ange . 
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5. Fatigue tests on lap- joint spocimens with G::veral patterne 
of coot ':J·::.ldc . I:1 general , those patterns which gavo hig:lOst static 
str~nGths gave al"o hi~host f a ti lie Gtrongths . 

6. Fatiguo tests on lap-joint ~~pocimens with va rious rivet 
pat t e r ns . Ag:1.in fatigue strenbths VJore in the same order as static 
Gtrengt~ls . Thoce rivotecl joints i;erc f,eneral ly strongcr in fatigue 
than corref3I'Ol (ling s')ot- T'-!lded joints. 

I i~Tr.ODr CT I 0:1 

ThiR r eport clo'~cril):8 th::J r o'}ultG of several i nvcst ig3,tions 
\'T:cich pro e:~te.,sions of Drovious ,.,or k . (Sec r -for encos 1, 2 , and 3. ) 

Precoding r epo r ts havo ~ iven r ecult s of teste 0r lep-joint 
specimens co!:sisting (If t'JO S~lOOtR of 21.~S-T alcL_el ... of c<luel thick­
nOSR joined by a. sine;l e row of flpOt wolds in < line tramwerse to 
tho diroction of loadinf, . 

Par'j I of hie; rC}Jort desc ribos tects on s:?ocLTlons c nprising 
t"o sheots of different thickness joined by a ciT'.gle r o\,! of spo t 
\' elds . All othor csts do:·) rioed here concorn spoc imenG Llade of 
h!o sheets of o<l'~al thickness . 

Part II describes tests on spot- "olded specimens of alc l a d 
7 ,:>S- T alloy . 

P~rt III ~ivec r osul ts f tests n suocimens ~ot-wclded 
after d i fferent f\urfA.ce }Jl' o9ar2.,tions . Part IV describes tests 
on speci:10nG S..:.lOt- 'Toldcd a different volta€"eG to ob ain S})ots 
of vlic1.el~T v!:-.rying size and static st r ength . 'l'hese tes S vTere 
made in an ende, vor t l ear n \'Jhat tT:JC of r;~~ot ' ·,eld may b e oest 
i n f at it;'.1e . 

Pa rt V Qeflcri Dos a series of tes.s \'Ii th mul ti- r ovT 1 '3.}) jOints . 
Pa rt VI rl.escribes a fov! ter:.ts with onc- r O':l and. "'ith \\1o- r itT rivet cd 
j ointu f-:;r com~Jarison aGainst 1'e'1ul ts 0:, s:'.Jot- ,,,-::lded j oints . Those 
t\"O e;l'Oli}-S of testf: c.llo'·'ed 30)'10 ()xu.mi n'ltion of tho Ques tion of 
whe. t s~Jet- '[eld pattern is bes t in fati '.10 and of what f2.tigue joint 
effici ency may be a ttc.inf.ble i n s:pot- weldcd lap jOi:1 ts . 

This investigation , conducted at Battelle Nemorial I nr.tHutc , 
vas sponsored b~r , and conducted ';Ti th fL'le,:lCial ass i stanc o from , 
the 1 8. tiol)al Ac.vicory Commi ttec for Aor':maatics . 
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Aclmo'cvledr:n1ent is due r:r . E . S . J8l'lkir..s of tho CurtisR-":riCht 
Corporation pncl Dr . ~buricG Nolles of tho Loclcho oCl, ;.ircraft COT,)/)­

r n.ti'):1 for 8.dvice and assista:1ce in obta.ining matE:rials ard j"'inted 
specimens for t1-)is i nvest i l';8.t ion. Specimens for detorminir~l; t:1e 
effcc tz of surfa ce 'ore~)ara tion \'oro r ecci v('d through the courtesy 
of Mr' . C. ' .... r. Ste-.,rard of the GurtiE:s-\,Tright Corporation . Spocim-'ns 
for lLotermining the effect of range in s,Jot-i·!old size VIera furnishod 
throus'h tho cO'.lrtesy of Mr . R. C. Mciciaster of Ca liforni.? Institute 
of Technvlogy . S::,)ecime:r:s of 75S-T 'fre re recci ved throu,gh the cour­
tesy of gr. T. Piper of Northro') Aircr;:;.ft . Inc . 

I . SPOT- tv":ELDED LA..L:l JOINTS I :i:~ S=-=EETS OF li1f.8':{,U.A..I, ~-::IC=1ifRSS 

Tost Pi eces and ~tctt ic Tests 

T 'fO It')t s of sUG'c imons have "000::1 tested. . Lot A cOrrr::Jris cd 
s::.)€ cimens using s}1:eet gages 0 . 032 to 0 . 040 inch end. 0.040 to 0 . 051 
inch. The other lot , :S , included gages 0 . 025 to (;. 032 inch, 0.032 
to 0 . 040 inch, and 0 . 032 to 0 . 051 i nch . ~D.ch sgecimen was made by 
joining two piecen (each 9 in . l ong by 5 in . ""ide) by a single rO'.v 
of s'oo ts a'o[:ced J/4 inch apart in a line along the center of a l­
inch overlap section. (See , for exarn~)le , fig . J.]) i X'. reference 1.) 

Table 1 indicates the welding conditions . Fig-ures I and. 2 
8ho\>1' sectioned welds . Table 2 giv~G average weld. dimens io ns Cl"ld 
sto tic strength values . VE'-luoc for some s:pcc i mcns ·1I1E'.dc unc.er corn­
pcwable conditionG with equal gage sheets ha'\('e been includod for 
com)?8.rison. 

It may bc observed from figures 1 and 2 [.nd from table 2 
tha t "felds in sheot n of unequal cage S 1'lOvi e;onera~.l;:r creater per­
ccmtC'l.ge l) enctre.tion in the thiPEor shoet . It 2.1so );la~.r be noted. 
tho.t the static ntrength of R \<fold joining different gage shect8 
is betwoen tho strength VC'l.luc for 0. 'Weld joini:1.g two sheet s of 
the thinner gage and the strength value f or a ,veld joining t,:o 
she ets of the thicker g8.ge . The weld strerlgth for t':-i-: unequal 
sheets is neare r the 10"'er of those stronethR (that for ~ \<fold 
joining G2100t s of the l 0sser gngo). 

FC'u tigue Teut RO!3ults 

Tables 3 c.nd 4 ohmv the f a tigue t :::st r esults fo r the first 
lot of sfocimens . FiE-jure 3 s1".ow :-: l oad-life curves plotted. from 
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t.h.OflO dr1.t '1. fo r t he l oad r a tios 0 . 25 and O. 75 (curve~ fo r R =:: 0 . 50 
hn,vp, boer om i ttCCL to iV/oid conf us i on , but tl10SQ cu r ver; do no t 
~ r LGOn a~ new fc~tureG) . 

T'lb l e 5 
p,nd f i gur o 4 

::;h ',.11:' f at i gue teet r eG'.ll tc fo r the other l ot of 
1e l opo.- J ife C'.lrV')S l)lottoc1. f rom those dc.ta . 

amo l c s 

I n f i t,'1.l r c c 3 ",no, 4 , thOl'O heWO beon incl uded cur VOG fo r snQC­
i mons made b~r f'~())t - l;lel.(\'L1C oqt.1.:11 gD{'e shJ; t s . F",tigue f", iluref> 
(~oe , fo r o:w.mple , f i G' 2d ) 'lor e simil er to thoce i n jOi !'ts of 
O\lual- t h i cknop.c f;h~ot . I n [\ f C\1[ c"'.coc , at ':1i,p:h l oac'J.f> , p. button 
"laS to r n out of t h3 t h i nne r sh..;ot . ( Soc , f·) r "cxai,Tol 0 , f ig . 2e . ) 
I n gono r a l , tl:.o I ".tiguo- st r cngt:l vn,l UCG boar out tho ob co r vflti on 
mad e f or static- str ength y" l uoc : t r.o c t l'cw;th. of a 1010. joini ng 
d ifferent ge.""o cho ot c i s slightl,,- hi~hor thrm thFl. t f r a "rold 
j oi ni ng s':1 :ot c of the t lli"l1er gnso e.rld dof ini tol y lower than t~1at 

f or a "lold j oi n i ng sh·:;etc of t ':1 t') th i ckcr ba,~o . It SGoms p r obable 
t h['.t thi c ctn, t omont hFl.r. l i:ni tatiorlf'l , and tho c or..cl us i on should 
not bo oxtc::d cd t o unr o".sonabl e d i ffe;:'oncos in sl:.oet ge.go ') r ap­
pli ed ,'Ii t hou t duo r C[;1.r n "~o r tho wcJ. d ir.g c ndi tione concor i18cl. 

II . J'ATIGUE T3S TS OiJ SPoT-l.·r~lD1)J) ALCUD 75 S-T 

Toct Pi ec es and Rosul ts of FE' t i~uo Tests 

C)mnar at i Yo test::; ':Ior o m.:-do on ( 1) s~ ;'o t s'oec i me:lS of 75 S- T 
p-nd of 24s-T Rnd on (2 ) ~'not-\;oJ.c',06. l "x'- ,joint spccimr::18 of 75S- T 
a:'d of 24s- ,:, . Al l ::r~eci'nc:1:::; '.foro loe.do of O . 040- inc~'l e.lc l ad ,>heo t . 

g')nob l oc 8hoet !:"'')cc ' ;no:~c "'or c 1 i:;l ch "ielo ret the cent~r sec­
t i on. ( S::)O r of or enco') , f ig . 1. ) ~"bJ.es 6 rtnd 7 3110'" (lat a fo r 
t hono IT.9,'') cimen B, p,ncl fig'J..r o 5 sho\"s r Cf:'ul tine; l or,d-l ifo cur n' s . 
Th e 75 S-- T cl.oer; not [';·Y')02.r st rong~r i n f.-, tiguo t:l,", __ tho 24S--T dos­
u i te the dif fe r e~co i ~ s t pt i c prop~r .i os . 

Eac(~ ~yot-'vGldccl s )CC imep. \·To. S !'l.~.dc o· t ':!O -pic c ee 9 incho c 
~.onb by 5 ir:CflOS It!ido ' incd by a s i 11.'>;l e r o',-' of ::;notf1 i n tho cantor 
o f ~ l - inch ovcrl _:.) r.l.Jr;tio,_ . Tp,'r. l cs 8 ::mc".. ): shol" the f at i gue tos t 
r esul ts , "'.1'1.d f ig'J.r o 6 shO\.'8 tho 1 0n.c1.- l i fl~ c' r Y')s . Fo r li f ot iillO C 

b eyond 10
5 c"cl c~ ancl :fo r b ot l l o:"(~ r at i ofl (r.. =:: 0 . 25 E'nd n = 0 . 60 ) 

uG ecl, t ho 75 S- T 8-poc i m(;nc ,,-x'car s li ~'!ht ly i:r02.kor t}l2.n t ho 2l.~ S--T 
cp o i :!10ns. It :nay bo notod tha t tho 7 r S-T spo t "ol ds \Vor e sl i ghtly 
(about 3 pe r cont ) Gtr onger in f' t;-~t i c sho'lr th.:m t ho 24S-- ':' i'.'o lds . 
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Ext'l.r.:in[' tion of Spot Wol ds 

FiPll.ro 7 (a, b) siows sp0t 'Holds in the alcl~.d ;::4S- 'I; "J~ilo 
fibUl' o 7 (c , d) shows ,"olds i n t~1.e 75S-T ".lolad . 

'.!::lds in tho t.':10 !11a.t.ori g.ls arc simi l a r i :: siZ0, s hapo , :-nd 

5 

g -cne 1'''.1 P. oc.r ar:c o. ~ardTl." G s r oo.d.i ngs at the dendri tic -zono (w~oro 
f"tL~"\:c failure gOlL~ r[.lly took 'p l aco) ,,;<.ve 30 VickOl'G f or tlco 75S- T 
o,g~.illGt 100 for tr.e 21.:· S-'I. 

'l'ho phot)srp.~)hn in fi[.,uro 7 s ho\" cr.ar2..c:'oriGtic f C\.t igue l"l.i l­
u r es . Except I' or tho reId in fi ().l r o 7b , tho wolcls Fore from s}-eci­
mC'n G 1 0;'\.c10o. similarly (1l6 1 b },i ·:: r s'~Jo t ct R = 0 . 25 ) • It ma:r be 
noted. th" t fa i luro i n tho 75S-T l~!elds (c , d) occurr eD. at tho ' r o­
joction of tho i n:10r C'.lclaci. . Fo.ilure in the 24s-T (;~.) took 'JJJ'.cC' 
in t'tJ.o sheet out sido t ho "lo l d slug . h O"!eVor , a t h i €.'hor l oads (b) , 
f~ilure in tho 24s-T occurred Rt the u r ojcct _cn of tho i:,cr ~lcl ".d . 

For tho toste m".do , s")ot-Ncldod 75S-'2 s oomed no s tr')nger i!1 
f nt i [,'l.1 0 tl'.tlIl npo t - vroldod 248- T . 

It should b o r ome.n'ocrod tl1B.t Rovoral f8.ctors m"7 be concer nod : 
tho r c l ... tivo strongths of bort) shoot w1.tor i21s , t:,-o c f .."Gct of tho 
cl".d,ling , 'l.T'.d tho t~r.9o of spot '.,'old . 

Test Pioces C'nd Static Test R CS1.1ltS 

Sevo r a l test :o ioc :}s of O. 040-inch .lcl 'l.d 24s-T SlJot-vc:ldod 
2::tor various f'ur:'aco p r cl=,ar :l.tions v,c:co f ur:1ichod throL:.gh the 
courtos:y of Mr . C. iv. St c\·:8.rd of Curtin ~- ~<!ri ght . Tcblo 10 lints 
fivc groups of spocimonc . T:lc r o voro throe gro'.c~s of f) ,'ot- ·,,"'ldod 
tost p i eces p r opar ed. by differ-cat 'o roc\J~f)cr . For OE'.ch of t:lOSC 
grou-ps , tv r ] lots of spocinons (A. C''1d B) \"./or o _ropar od "t ci:i:""or on t 
tirr.os with , inao.ciortcr.tly , s lightly d.iffcrent v.rcldi:'E co::.c.i t i·)a~ . 

For com~')['rison of j oint offici cac i cs , tHO group s (4 :'110. 5) of 
riveted r;'qocimel'lG ':101' 0 f 'J.Y'''. ishod . 
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Fi.:;ure g shoHs phot'Jgraphs of throe fdled :Jpceimcns . One 
il:!.ustratos tho s:~ot-V!old. ~~attorn chc~racteristic of t:rou-os 1 , 2 , 
e..ncl 3, hewing throe 1'01:1' of spots , l:[i th tho distmlco be ';roen. s"9)ts 
in e"lch r OlV' 1/2 inch 2nd the diste..nco botu,"' on r O\'JS 1/2 i nch . Tho 
other tvo specimens shol.Jp in. figur~ g illustr,"1.te th . rivot -o;;.ttc rns 
of groups ~.-' and 5. -, 

Tablc 10 , l so sholtJs s [ttie strenGth v:.:.l:;.os '->-nn. st .tic joint 
efficioncy V ,lllOS . It r..,:,.y be n0tod. th::.t be AC "iro- brushr;d s:?ec­
imens had E'.. static j o int cfficie:lcy (95 porco!lt) consid.er~.bly 
higher than thut (C3 ~Grcont ) of the stron:est rivetod joints . 

Fe' tigue Tos t Rc:-;u1 tr: 

1 inc s:pocimens of oe..ch g r oup It!or e furniohcd . At 11' . St. C\·Je..r<l ' s 
sug.t;ef' tion , t~1rOC of those 1,o!erc run at or..c~: of thre e uroscl ectod 
l oe.ds . 

Te..b1e 11 ~) r esonts :110 r Cflults of t~lC f:'tiguc tost,. . T~10 

mothod of r unning the' testr; a-:; t~lrO() }:- r oGclocted l OP,ds brinGS out 
the feE'tur es of SC?ttor i 'l test results . Em.'evcr , 1.'Jith P.O few 
l OE'..d ve..luos , it is not 1'e:1.8ib1(' to dr '1.\'J 1J."d-1ifo curve::; or to 
c [1.1cu:!.0.t() f'l.t.ip;uo joint cffici o!lcy vc .. 1uos for v~·r i o'J.s COClst:ut 
l ifetime"' . Novcr tholosfl , fig'.l!'C' 9 eho 'In .:I"9:~') ro:~i 1[\tO l of".d- l i f e 
curvec in tho f or m of sc.::.ttor lle.r.ds ~Thi c:r. do not 8.ttem"t t ) clis­
tir..guiGh among tho diffe r ent fl)JOt - \'old £:rol1~G . FrOM thes e curvo s 
p.nd from 8. f['.tiguo curve (refer enco 3, fig . 5) for p-lc l qd 2L~S- T 
sheet , 1ili1iting v uluo f.l of join officio:1Cios m'-7 be cstim[1.tod . 
Such vci'J.cs Rr o given in t"'.blc 1 2 . Compo..riso:l 0:" those val ues 
\' i th v"1.1uos f or othor s:)oc i r ,c,'w tost ccJo (£1(,0 flOC . 5 of this r O!lort) 
i ndic['to'1 tho..t those test piocos \,'ere strong ir: _'['.tif,llo . 

From t?b10 11 , it ,1£1.'," be obse r ved th<"'.t , ')f th8 spot-vJ()lclod 
slJocimons tested. ho r o , thono Inr-d.o b;> nc \-r:,lui:lg I'J iro-brut\~ed 

surf"1.cOS 2.y:')oar od :~ lightly tilO s ~ rol: , Cf;t in. t:1C IP.t"LG"Uo tost, . 
Fro::. t<:>.ble 11 r',nd fi ·-mr o ; , it a:l)e£1.rs tr.."1.t tho'!o flD.J~e fl:!,)ot ­
wold.od ~.ecimens wo r e nORr1y ~ G nt ron~ ~n the bact riveted sunc­
i m':YlS . 

EZrttlin:- tion of Spot ~-relds 

Fi~ures 10 , 11 , (.~11d l~ s.hol:{ -ohotogr"'~)hs OJ~ ~ '-.. tio:lcd cpot 
welds . T~ble l3 iv,;s :'.ver "lgo v~,luos of Gpot - \ocele. di:nonsioE8 
for snmp1cs from tho v"riouG gr)upG . 

-------
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C['.,r c ful ex"Unin"tion of t['ble 13 '1ff ords <'..n i nte r eding 0 r.or­
v<'tion . ~or tho AC vlire- br-l shed pircos , G"Gecimon 7 h ...-.d::. ::. ',:.::.1101" 
1 ug <o t [1. r o['.,".no [t sme.ller tot ['..l \;old a roa t~, n spec i mon S b'J.t ~n 
q;:rprociD.bly longer fc;.ti~:1o life . T'n ir; may b o connlJct cd Hith t~lC 

l'1rgcr coron['., a rea of r.poc i mnn 7. A simil~r oDserv2. tion E'wp l :oc 
on compo ring s~)ocimens 1 r,nd 2 . Gcncr ,'\lly the s arao obGarv tt i;)!' 
['..',~ .}li8s on c or::pRl"ing DC Ivolded. cpo ci'!lcns vi th o['..ci1. othor . The 
('i}p~r e'Ct ly i m)orta nt contri~ution of coronel. bono.in£., to f· ,. tiC..1e 
r;t r ongth dooe not ~ppc['.r t o extend to the cor:;~x:.ri8 0n rf AC I'olds 
"i t :: DC 111 Qlds . 

Con c1uf; i o::s 

1. Spot-"'-~ldod jointc C8.i1 be 4..'1<'0 t.o h['.vo 2.~ ~i.:-h st ~t ic 

joint ~~ffici oncics rnd no[',r1;;r ['.,8 high f ~.tig'J.c j oL~t cfficioncioc 
r f' rivetcd joi~ts . 

2 . Of tho throe t-.r'O fl of s'C') t - ,vc1 doc. s' oci'ncnn U.C - 't iro 
brush, DC - '. 'ire brush , oJ ~·.nd DO - " che:.1ic :.l.ll;)T ~lC'['.n:"ld.) , tho AC 1:riro­
brunhnd I·ro re stronGcst r;i;pticnl Jy , but tbo DO 1.,!ir o-br'J.chcd strong­
est in f " tisuo . 

3. Thore is ['. sugges tion th"'.t , for D. given typo of \'l,}lding 
(AO or DC) , corona bo ndi:,g contril1utos conr;idcrao1~; t f['tig>..lo 
rtrenr,th . 

In vicw of the relativol y si.w.ll n'J.I.1ber of Spoci llc r: s, t hese CO:1-
cl'J.sio!lr; r:mst bo regc.rdocl ['., s t ent<'..t ivo . 

IV . Ll:.P-JJIli~ SPEOIiCI:S i'TIT:.! SPOT w"E:!:.DS JF IVIDElY 

~C"t Pic c o n end Static Stro~gt~ 

j.Jine ;o[1.noln Hith spot \,' ,: l elr. of cu~cescivoly l['.rgor fa 7.e:·~ 

\JQro r ccoiv l")d , together ~:: it h r c".cci ').:- r[:ph r; of a ll vrold<-: , fro". 
C-iliinni". I ~ fltitute o f To 1 no logy thnuG1 t:10 COl:.rtoDY of j'!!r . 
R . C. Ndf:octor . 

T, ble 14 s i V8fl tho uo 1 c'1.inc correl i t:" Ol'.G f o r oech ',1['2.01 . Fi ;:'­
:1re 13 ".how s ~)ho t ')br;'phs Jf r:P) ot s illuc t r 'l,t i ng t:10 v[' ri ll.t i oi1 in 
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c'oot siz~ . (Sec rlso figs . 15, 16, 17, c>..nd 18 . ) Tfl.blc 15 givor: 
tho r c' ~'ml t s of ~1o:,.surOT'1()nt '1 of tho varia rJ fmot dimeYlGions ?nd 
a1';0 vD-luer; of st£'..tic ~he'1::' 8tre:1i"~tl".. fror:; to'1ts on si:lslc-r;)ot 
COU.)C"lS . ':LIllo torus used t dor.ignatc uclc.1.. dime:Hlions hEWO ooc~ 
dofi ",-od i~ a :v rovi ous report . (Soo roference 2 , p . 4. ) 

Exr..rnin"tion of the \'lClds r:.~(l cfl.lc'J.1~tionr. from the do.t::'.. in 
t'101e l~ s.O\voC!. tlnt th·:; co r O~l.r'. L.ro:'. \,!('.s :lc2rl y const'1Xit thrOu.g~1-

out the range of \IGld'" (0 . 0316 S(l i!l . for Pe.nel 1 to 0 . 0320 flCl in . 
for P2nol 9) . 0~1 th(' ot'1er h:-)"(l , tho "Jc ld- nu'sot a rea incrc~_8od 
from 0 . OY3S to 0 . 0804 :"\qu~re ir..ch . Tho ~t"tic s;"'ear ct. r o._gth 
ir.crce.scd ,pyrOxi!"'le,tol y i n direct JJ ro)oj~t i on to the nu<£_ct a r ea . 

Fntigue T~r.t Re Gults 

Stri:os 3 inchoG Kido CO:1t, i ni:lf; throJ spot "olds o"c': \'ero 
sr.oared from :110 v"..riOU8 p"r_olr. '·:;-.d tcGtcd in f~':iguc . All tents 
were run nt a lo~d r~ti o R = 0 . 2~ . 

T<:1.010 16 pre:Jents the re:Jultr: of th8 f?ti€;'.le tort::>, .".r-d 
fi gure 14 rhovTO I f)ad- lifo curYOn p l otted from thOS\3 d:,ti'.. . To 
a"void confusion , only r C[11l1 ts for every odd.-nui,1oo r cd ~o['.nol h:we 
o:-en plottod - ror;ults for other pr.:..nolG , in gener"l , follmv t.o 
S ,J:l G pc.ttorn . 

~;o oocr.rvp,tion~; .".re iY'_t crostinu ' Firat , the ~r('rc['d in 
fC'tiguo stron~ths is 1 ,li:' c· than b,-t in r.t'1 ic-n troncth v.<'l OG . 

This neor:lS pr:.rticul? rl:,r true fcr 101'!cr 10<:1.ds :'.nd 1 0~'1P"er lifotimoc . 
Socond , t:-,orc i'" n.n i;,cr.:.. .~, f,O i n ··· ... tigu ; streIlbth ltli th ir.cn~neing 
weI d nizc ['.nd L_crcf"tr) in.:; s to'.. tic- str-:l1[:th '!L":"Ut. s . )Tei ther of 
th so obscry<...tionc hold for fJLO !lr0vi Ju.fl~{ r op'jrt.']d teste on 
rl"Dot- ·.'ddocl l:'..}) jOints (rofcror..cc 2 , 1) . 10) . It a::vr:c t:1. t 
fatigue strcngtl:.s mn.y incro".sc in t:LC sv;c 'Jrder '.S ct ~.tic ctrengt',c , 
for 'loldG v.'1ri -;d in si ze onl }, b~l Yf'.l"Jinb t::e v/ola.in!;; volt:'..go . 

Fi;--.lron 15 , 16, 17 , ·'.nd. le flLm'! coc tionr; of spot ",clds from 
fr,ilod srnn91es 0_' th ..... V'>:cio,-i.c ·~3.n0 1s . 

It rr.a:' bc notic ed t;n t t.~l.e 8111al10r 1:rcJ.ds s~l.(!(1.r .:ld, at hiGh 
loC".ds but cr0.c~~ed from tl:o <' l clr('1.. ~ r otrur.iol".. nt lig~tor loeds . 
Lo..rgcr 1·wldn "yullod button:::" (fir::s . 16cl.~1d 17"') i'..t hi{-;l!.or lo:'ds 



l'"l1e} G ';;1,- ti ;:\cs s~xe ris '-c to f1'.iluro in the s~~cc t 2.t li!~hter 10'>..dc . 
Ovorho'ltcd ['nd cr['.c;;:od "Feld s (soo fi €; . lSc) sho'·'cd no sif;ns of 
l.!e"--~moss in f<1.tigue o r of f a ilure through the tran'1vc rso crecL 

v. -'.;"TIGillJ T~STS O~~ Lt\P JOLT'l'S l(ITH 

I'ost Fiocen ..... nd St!?:. tic To!:t Resal t3 

Tpblo 17 oatli~os 0 sorioG of tcstr on the offect on 
f.~t i€;,'1..lG s trr'1bth of vc~r~'illg tl:.e GpO t-1Jold. g<1. t t oJ'n i:l !1L.,,:) Ie InT) 
,i oin ts , [,,,!ld t::,.blc l 'l sho'.m 8 tro .. ct:1 ) r o 00 l'tLos of t"to ::;h"ot 
·.1B.tori~1 uRod . Tho purl-0so ';,[;.0 to c".ot""'rfl1 :'no t'"lo (<'foctG of fl'J.ch 
v~ri"" bles 8.'" tho nU!''1ber of rr* 8 of spo ts , t~10 npF'.cin; boh;"'op 
fll)ot'1 , strv':5erin[; s:.;ots Ll c-djr>ccr t r ')'fTS , ~.!ld pOf't-"' ciL; r ul "v i­
rowed joi .tr. . 'TI'w J3ooi!:.;:; ,j oint p<'ttor n 11f'S bo:]n i:-,cl'lc.3C\. :'.8 
reprcsont'1.tivo of ." ,ioL-:t t~".2t ifl ::mc c cs::ful Ll C'"ctu1'.l son'icc 
c ondi tions. FigJ.r0f1 If' , 20 , p.:r~d 21 shm·j :p!loto;:;r"'.ptlf: of 'tnrioaG 
jOi:lt prtt"r::'ls . 

Table 18 Givos stt'tic test results '):1 tcr;t piOC38 r.i~.(1e 

from tho ·,,['rious l ots of Ghoot ll'"'od for tho Apot- 1:J'eld (Jl'ocif1<:)Uf' .• 

~ .... bles 19 qne!. 20 :ivo tho 1:Fc lcUng co:"di ticn'} for tho V .... ri 'lU8 
jointod S)Oci:i1cns . Ficurcs 22 , ~~3 , ..... nd 2h S~101'F ph:)to,:;r aphs 1)£ 
coctior'..od ,rc lds . In gon;; r ;;,l , ,".,',,1 v!cldr; l·Fere of r:;O()O- ~~~jpo['.r<'1').co . 

""'I:8 one exccptio:1 \·F .... S for crou:p 3 A2 , I/hore ',\'clds <'P:JO, red t') 
be o-,-erl-:.op..ted$ 

1' .... ,"010 21 Gives ct£' tic str~nGth valuos nver .... God for t,·;o 
rC"9rosor t""tivo GyccL:.ons of o::',ch g r ou·.? It r:::.y be ob:1ervod th'.t : 

1 . Incroc:cing th .. ' nusbor J1 row ,> c1.ccrec.Ao:1 tile strcm;th 
1)Or S)ot "out incre['..ces tot~'..l joint p,tron::-t:r~ p.:l.d joirt of; icior,c;J· . 
~ Of . r eLul tc for 3 lnC- D, 3 ~nC-D , ~.!'ld 3 :·;1 '" D. ) 

2 . .>i npot s.p'1.cL1.g of 1/2 i:~ch ,".vjC::'.l'G to · .... ffJrc~ .... strong 
j ,jnt. (Of. 3 KIC-D ar_d 3 KIC-3' . ~·:()tc , .. ls') t~10 'li€;h j')int 
officiencios in Groups 3 MIC-F to ) :13C-F . ) 

3. There docs P.ot a\yooo..r to "on [,.l"',J' :lOt:--blc C:"fl;.t C.'J.O to 
p,k;;gorinG SI)Qts i:1 ['.dj['"cod r oqr . (C~ . 3 KIC-D ,,-,(1. 3 LIe- D. ) 
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4. p ')8 t-r..~~ing (10 l:r .:-t 3700 F) b e for e 1;'c1din£ 8: 1)0," 1' S to 
inC 1'0~G' t llO s "..tic ,:ioi I!.t p.ff ici oECv ; '·,hilo "'003t- r...~i Yl.-, c.ftor 
'.,wIdi ng T".:J.v ovon clecro:'.Ge tho ntp.tic .j0 int cff icio:1.cy . 

5. The ~'"tt,-,rn co :".si st i ng of thr oe r o"'o 0; spot'3 , ':rit~l tIle 
"'r·)t:: 1 /2 inc.1 [';," r t i ::. e.:'.ch r Q1.·J :::;d. '!lit:: t~o r Ol:18 1/2 inch '",part , 
f,['..vo vor T ~igh nt.?tic str iJ:1gths . Of t'.l8 fl-.;.oci·:ons used i n these 
tests , this ]x'.ttcrn p r oduced t t e s t ronges t j0int in st.c,tic f1tr ow,th 
( :->. j oint at r o:,:,:er t ill'.Yl. t':1e BO'J i nC joi::.:.ts t ·::flted) . 

Tl'ei3(' r l'~.:.l t s <'.ro i n ro,-- GQnt'~lc I'c~ord \,!i th tOG t rOf;').}. t 8 r oport nd 
i n t ho litcr ,':."\:uro (l'cf oro!lC cfl 4 :'..;.d 5). 

To insu r e t'1[t t tho £'.l cl ·~d. ~4S- T Bheot ·..l::l'd i n fl'J.'::lnG tho 
~:,'o t-1:1clderl tc~ t piece.:: l:"..d j10r"1[\.1 f-tisuo s :ro'1gth p r opertios , 
:.::d to ['..f f or ci o'1.so curvon for tho ov"..lu~·.tion of f ".tig'.1c joint 
efficiencios, f"..t :'s'Uo tests "Jerc r un 0:1 s "J":!?les of tho' ",rt ic­
'.11 "',r l ot s of sh .)" t r:k:.tori'11 s used. . :l;:'l.C r cs'.1lti:~g dnt:. ['..~o ;,;ivon 
i re t.b1es 22 , 23 , a~ld")l.:· , t.ncl S O:'i,: of t',er,o dp'.t'1 "..ro sho\Jn ~s 
l.':;:.d.-lifo cur ve s i n fi ;,,'Ur oG :::5 , 26 , f'..;'ld 27 . T'l ,) Vi),I:lCr. f')r t~e 
0 . 040- L:ch shoe t c..r c ne11.rl~T the saDO :'0 thoso r J}J) r t8d for other 
l ots . (S08 r efer enco 3, tC'olo <. ) Vduos fn tho 0 . 064-inch 
s:lce t "..r o close to tho!'; 0 f ' r O. elLo inch . Sor ooth go, :;oc , tho 
effoct of :l)O o t - 2.,;i no (10 h r £'.t 370') F ) on .!>ti:;u.e ot r ongths Uf'..S 
sl ijht ",nd ,·m.s i n t!'.e di:r,~cticl1 of r od'.lcine H'.o f ~~ti:;Ue st r eng th 
(cf . r cf c r oLco 3, fig . 5) . The 0 . 016- i~ch D~cet test~d Dnn~~r od 
to h."',vo Glicht1;)r h i -;hc r f"ti;uc strcnc:ths f or lifotiJ,1oD b eYOEd 

1 0
6 c~·cl o s c t C, 1 03.Q r ' tio of R = 0 . 25 t~l"L oithor the O . O~O- ) r 

t~l e 0 . OG1+-iLch sheet . 

Tablos 25 thro'l::;h 36 f; i vo t;:.c r cnalts of f o. ig:lC tests ,:m 
t:-lO -rc.. riouD1y Ilt,tter:'lod jJints . ~ st of r to to,·; ts '.'or8 r '.l!'l ['..t 
tho l oad r "'1..tio R = 0 . 25 for ",;'~,ich the ['..1 torrntL:~ ... CO!'1por.C'tlt of 
l o" d is h i .:;r. , ClO th:),t eff ost s ~)r~ducod by dY'l<'-nic 1 0c~diI:G night 
o e o:qectod to s~o';" :.:,:!? L, rl~·.r.y 0":\.'\08 , [-' fe'T to " ts ,,:or o r u" [:"t 
E', h ier.or 10::l.d l' ''l.tio (p.. = 0 . 60) i :l or de r tv L)tO ('lrg p()!)c io1 o 
uno:c;?octed effect of v r'rinb tr.O T'.'t i) . FiG"J.ros 23 tl1ro'.lgl1 32 
sho\v tho r es'llts p10tt'c'. en _oc.d-liro CC:TVCS . 



In pC',rticul ~r , figure 28 chon' fE'.tiguc ted rennl tr f'lr 
s:00cirJCllf' of O. C,40- inch 8h'ot hryirc 0::10 row of s:t."'o tc '::~l,d fOl' 

f:n)cci~1CnG h:'vi::1g h'io r O','I!". of r.pots . It seer-.s f[\i r to cor..clu.d..:­
Pl.? t. : 

1. THO r Jl.'18 of n~()ots r.ffo r cl <>, jo i nt ,d 1':::: t~:",::. 5(1 'OorcC':,t 
strollGer than ~ single ro~ . 

2 . It dOOG :'..ot mH.:~o ::1UC:1 di ff0r c:lcc 1:!hct..r .. c r tho r,-t.;c tc in 
the two ro':Jr'I noro Gta~gGrcd or in <, l inc.:loY'.t . 

3 · 'C'ni!'l6 a, 1 /2- i :' ch s~ 'o,cin£: 'bctv:o,-n sTo t s in ".. I'D\'! ;i vcn 
'1, stroIlber join t than a 5:9'\cin5 of 3/4 inch , both i!l st0.tic 
tonts l'nd in f ~,t i SU0 tor.ts p,t R ::: 0 . 25 . -g:ow 0vor , t~,c droY".'t~ 

incr ''' ~c ir, sOhlei<!hat dub i ouc ",t lifoti.:;e~. i n cxcess of 2 X 10 
cycler, . 

J nint effici c!lc:r valuer, i-Jil l 'be di-. :l'J!']cd I n.tor . 

Fi -;ur o 29 S >O 'iS l O".d- lifC' cu r ver, "'.t R ::: O. '25 fo r fll?o ci7.LJT'S 
h:'..Ving thro:' r o'vs of s00t \'i,,,, l dc . I t m:1.y be obr,orvod J.~1,-,t : 

1 . Joi.nts ,>lith tho spot.s ";Jl8 cod 1/2 i nc __ :-,1Y'Tt in orch 
r ow 1.:01'0 r.t:ro 'lf,Or i'1 f:->tisuo ( .. ol i'fo l l an in st"..tic tostf';) th"n 
,jointG \"i til spotr.; S0Pl,ccd 3/4 ir.ch '.~~OE',rt . (Cf . 3 MI C-D nnd 
3 Ml G-F . ) 

2 . Pont-a~i r..J tho ,,~cot bofrto j o inir..~ incr:~r,cd ~lC 
Dt2tic :-:trm,gth ",Ld Cli o. :'.ot '1ignific['.ntly C'.ffoct the f<"ti ~uc 

stre!l.Gt:: · (Cf. 3 MIC- F ·':-.d 3 ~;3C-F . ) 

11 

3. ?o;t,- <'g i nc; tho jointc nftor woldint; G.ocrcr,sc(l sli_'>t1:~r 

both the nt['tic strongt~ end the f~ti~ue stron~~h . (Cf . 3 ~~C-F 
n.Y'd 3 :12C·-F . ) 

F i:'"n 0f' 30 and 31 shoH 10~.d- lifC' curVC'1 for fl ')C C:;'r...-!lG tTl th 
t~o Booi~; ~rGO joint . I t i~ i ato rontin~ to note tho rcl~ti701y 
l~:rgo c,ocrcano in f'1. t.i[;U':; r; t r oc'}gth 1.'i t~1 d('c r o[',:1in~ 10 "',d ".nd 
lifoti--:los inc r oD.si!lG to 10 7 cycles . 

Figuro 3? shown lo"d- l i fo curves for 1n.::')- j ') int f1'()ccir .. 'C:ro 
of 0 . 06L!-inch S~100t . It u ill bo noticod th,-.t tho C.::'.Jn0 scr.. .. j~rl 
result:; hol d fo r joints in O . 064-inc~1 s~ort 1'13 hel el fo r j0L ts 
in 0 . 040-inch ~[',tcri~l . 
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Tn.blc 37 ~ho':rs SO::l~ vf:'.lues of j oint effici e!'.ciC's . J oi n t 
efficiency is hero dofined an tho r ".ti0 of tho flt r O!. ·: t:: DJr inc:: 
of joint to the st r onct_1- no!'-in.ch \~ridt.l of t~:.o choet 'intori ".1 n.t 
t hc nD-mo lifetir:1o e.nd ,.."t tho 8['::10 lO['.d r [l.t::.o . Valuos for pO!1t­
eGod ch~et ~oro uned for all jointod sprcimons post-e~cd either 
b cfor) or ~ftcr wL1di~: . 

FL;uro 33 GflO\·!S sm00t'1ocl- out curvos of joint offici ';!lcy 
:J.l;eins t lifctil.;o plottcd from tho vr'..lu:)s i n to.ble 37 . vii tl: one 
oxcopti,n , tho f ".tL;uc jci·-t offici encios r r oRorvc tho S".!!le ordor 
e 8 tho ct'l. tic v:.<.luo') . ~ho f"1.tiguc v" l uo n.r o rcl:!['.Y:1 lowor ;:!.nd 
d oc ro[1. so somouhat v:i t el de JrEns i nc l oed ar d incro['.sing lifoti::18 . 
The one exception is t~e curvo for 3 NIE-D (t~roJ r efS of sno ts 
i n o. 064- in . Sl1"Ot) \·,hich sho,"s joint offici enc i es decroCl.sinG 
r ap idly with dec r oc.sinG l oc.d ~nd incro;.si!1f'" lifeti':'lo . T~is t r ond 
c['.n bo observed, of courso , i:1 t}lC stoop 10".d-lifo CtArvCG for theso 
specir;,ons . (S00 fig . 32 . ) !·:o e:;"'T l e.nrttion ,,:il l be nttorJpted now . 
In c o;-.pC'.ri:1g the Eoo i n; joint (5 UI C-F) r esult s \·ri t h r esults f o r 
tho oth,Jr p<'.tt e r n s, it DUst b o }:o·:- t in ,-ind t!:..l.t th~~f:lO EoeiTlg 
jOints \'!e r o r.mrle "lith roll er '.'Tolds. Prov i ou., tests (r 'Jf c r cnc o 3) 
h'WG indicnted th"..t r oller "rcJds Li8.Y b o sl i ghtly v'o,;.ker in fatigue 
thL1n spot ~lo lds . 

C or~clu!';ior~s 

Usef u l i n-:;cr-·) r e-:;.?t ion of th ·:; r lJsal ts noted ,,:nov o r co_uiros 
c or rol."..t ion 't!i th p re-J' iou<'. l J ropo r t-cd dL1tn. n.nd vory ce.r ('ful con­
sie'.or.tioE of the lL:i t .... ,tions ,:oc-:ss['..ry in dr".wi21f:; cenor L11 c on­
clus ions frola );--r.rt i cul M. r l~.b)rf'..to ry tents. It is bcliIJvecl de­
sirablo to orJi t 'p r C'El"t'J. r o concl'..lsion::; from t:lis p rO Gr es s r oyort. 

It r:w.y bo ob00rvod th".t , i n (~c;:lc r ').l, vllri".ti ~l1S of f' ttigu.o 
stl'on{,' t "l. with vMri .... tions of ~;pot- , · " (· l C1. ·p.'1.ttornc hRve follO\<Js d 
t~e ordor of vnr i~t ionB i n st~t ic stro~ct~ . 

VI . FATIGu':: TJ:Sr-'S ,)lJ LAP-JOI~' ~ SPECL{8:~S 

~nT:g: V-"J'IOrS RIVET PAT'!.S""l'TS 

Tnst PiC'cos L1nd. Sta tic Tos Result s 

For purposos of co;pRrison , test.s 'Jor" .1~.do I)n }~::O- Lioint 
S1)e(,i,lC"1S 1l1st.:med o~r v:.ri ous p::'.ttc. r !' s of flash rivots . Trblo 

-- - -.~----~---
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38 gives sp ec ificat io n'1 f o r tho teet pieces pno. figar os 31.:· , 35 , :'.l'~d 
36 sho',! p!1.otogn.phs of the varions types of jOi"ts. In choni:, : 
the rivet patter ns , it W'1.S ::lot tho intention to duplicate e""'ctly 
the e'9ot- "TOld pa terns but r :\thor to usc rivet spaci '1;;s chnr:'.ct·:::.r­
irtic of good conmorciRl p r actice . 

T3.ble 39 g ives the r osul t3 of static tests 8.nd sho':T8 st". tic 
joint officienc-r values (bC'sud on ('.. st~tic ul tinato of 6S , 700 ~'·s i 
for tho s:.[;ct ['.0 r Qc eivcd ['.:1d 69 , 0(,0 "o(:li fOT tho post- v;ed n::'cet) . 
'?no joint efficiency is J.lOro d0finect to bo tho strongth por cross 
i:-"ch Jf the j oint.ed spocinon divided by t.ho stronsth-por-inch \'lidtr.. 
of L' .. nonobl oc specinen of tho sM.me 0:.[';0 shr:ot. 

It J:]M.y bo obsorve<l fro:1 tho vC\.luOG listod i n t".'o lo 39 th'1.t : 

1. For th:; dngle- ro\v SpOciJ:lel:S (PIC-D "'.nd PIC-F) , the 
1/?-i!1ch ::.;po..cine,; ;avo C'. stron:;or joint t"'£,n did. tho 3/~-ir·ch 
s:p'\cing . 

2 . For t!1.e 3/4-inch SIJt.cinl.': Gini;le r OvJ (PIC-D '".nd P2C-D), 
the pO Gt- :->." 'od S')OciEler.S cn.vo r. h i .:;ho r joint efficie'·'l8J' . 

3. 701' spoc i hlcns \"ith bTJ r o';!s tho",e (QIC-:D -<'.nd TIC-D) 
\'lith ::'..pproxiuC\. tely 3/4- inch npc.c i ng boh/oon r O\,,[1 ,,,oro stro"lf~er 
them thono v/i th closor s'98.cocl r ows . Of those tvo, Ql C-D , '.r!1.ie!1 
hc"d its rivets i n l ino , Il.PP·:lC .. r cd rn r') n~'or th[l.: TIC-D in v'hich 
tho rivet!} \·'ore st0.~;g,:roc. . 

F9.tiGue TeRt Rormlts 

C;<'.bles l.~O thr ough 45 S'101rJ the r c:sul ts of f 2.ti:-·ue t;)f} ts on 
the v 'l.ri ous cpeciJ:]ons . Fi:::;u.reG 37, 38, 39 , ,.!1d l~O sh·:)\" v·'.rious 
10'l.d-lifc curves plotted fron thosc d~t'l. . 

Figure 37 shows eurves at three lO'Ld r<.1tios for grC\~P PIC- D 
(a single r2' .. T of rivet8 spaced 3/4 in . apart) . Tho dott : d lino 
ShOI-:S, for R = J . 25} the curve for thu same typ,~ of specimens 
post - aged (P2C-D) . Apparently , al thot'[~'1 post - agi11[; incroased tho 
static joInt strength, ic slightly decreased -ehe fatigue str3ngths 
oxcept. at very high loc..ds and very short lifetimes. 

Fi.gurc 38 ShOI.TS curves (solid line s ) for srec jmeI'.S (PIC -F ) 
vi th riveto spaced 1/2 inch apart . The, spocimons l:i th tho closer 
8paced rivets appear stronger both statIcally and in :i:~3.tigll(; . 
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The strent~th differenc e in mo nt mar ked a t very 12V! 1 08.ds :end l onG 
lifet i '1c s . For ezo,L!l le, at a lifetime of 3 X 10 cycles c·,t .? l oad 
r a tio R = 0 . 25 , the 3/4- inch sp acinG' givon 'Jnly about 60 percent 
tho stron~th of t he 1/ 2- inch spe.cinb ' 

Fi;l.lre 39 shows cu ryon ~ t R = 0 . 25 f or speci:1ons with rivets 
3/4 inch rtpart i n e::-.ch r o\! o Tho i :lCro"s c in strenc"th on [',ddinl-; 
a s econd r ow 3/4 i nch a\.ny iG evide 1t on CO !:lp ...... ri n'" the tvro curves . 
The offect of sto.{;Goring the spots f o r the tHO- _OW pattern is i n­
d gDific8.nt. (30th observ~tioDS app l y co;,er " lly to f c.tic,1.l8 curv os 
8. t R = 0 . 60.) 

Fit.:tlrC 40 show1 the load-lifo curves f o r thro~ f; r ou-ps of 
Gp eci:-1Cr:s , e.l1 of uhich ll3.d a pattr; r n conGistinr: of t\·ro r ows of 
Gtac<c r ec:. rivet s sp[',ced 3/4 i!~ch apc:.rt in e".ch ro <T . The sp':-ccins 
b et\·Joen. r 01tJO v£',ri ed fr o]:', 3/16 t o 11/16 L,ch . App ...... re~tly, joints 
\vith the l r,r '-;C'Gt spo,ci ng e t'.1eo:: r Ovrs ,,'cre st r onGe'1 t , bein:; "bove 
thn.t f or the speci 1e::" s ( 3 BIC-D) with !.'. sinGle r o'.v of spot 1;!eld's 
and sC':lcr"l l y nec,r tho CUl'l,'e for spocir.cn s (3 L1C-D) '"~,ith two r ow s 
of spots . A:;e,ill the curve for specimens (Q,lC-D) Hith tvlO r ows 
of rivet s lies ver y ncar th:',t f or spocL:'ens (3 :,:lC- F) Hi t r-. t~:lree 
rows of spo t vrolds . 

Fith tho posr-ible exccptior~ of t ho cur vo for ..... sinGle r ov 
of rivets , t ::.o order of tho j o i nt efficim'·.ci os in f atit,l.l'1 is 
Duch t:le s ru.1e C1. S t'ln.t f o r ct"..tic vA-luon (fiG. 4) . Thus , \,!h ile 
tr..o r csults i nclic".te a =~c:1c rn.lly Imior j oint effici oncy i n 
f C'..t i Qlc th[1.n in stC". ·ic tents , thEW i r.lp l y tk.,t riveted j o ints 
8.r 8 b otter th[1.n 3pot- w'Jldod ones i n f cttiGl.lo only C'..s they '1r o 
::,.lso better ste.tically (fiC. 42) . It a lao 8.1iI;e->.rs poss ible 
t hat spo t-ucl ded j oints c e.n 'DC TaP.de t h,".t ".r e .').s str oll.; i Yl 
f 9.tif:,Llo 8.S rivetod joints <'.t tho p.Ji'lsible eX:Go",GC of hevins 
an oyt r ", r ow of sp ot. \Velds . 

K .. ttollo i1c;:lOrial I np.t i tuto , 
Cl)lu'ibu s , Ohio , J ur.o 1, 1944 , 
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BAOA ARR 10. 4JOI 
TABLE 1. WELDING CONDITIONS FOR SHEET OF UNEQUAL THICKNESS 

Settings 

Ilax. ene rgy re lay 

Resistance block:s 

Contaotor pa les 

Initiating switch 

A. Specimens of Lot A Welded on a PMCO-2-8 
Sc iak:y We lder 

Sheet Thick:nesses 
.U3~ - .U4U .U4U - .Utll 

162 180 

5&6 5&6 

8 8 

30 36 

Welding press. , gage 60 64 

Forging press. , gage 60 64 

Forge t 1me relay 3 3 

Pressure App~ variable var1able 

Ho ld time re lay 6 6 

B. Specimens ot Lot B We lded on a Taylor-
Winfield rock:er arm type stored snergy 

maohine 

Sheet Thick:nesses 
Settings 025 - 032, 0:52 - 032, 032 - 040, 

Pressure (Lbs.) 680 800 910 

Charr;1nr; Voltar;e 1200 1360 1400 

Capl101ty (mtds) 960 960 1200 

Holdinr; time (dial) 3 :s 3 

032 - 061 

850 

1350 

1200 

:5 

TABLE 2. WELD DDIENSIONS AND STATIC STRENGTHS - SHEETS UNEQUAL GAGE 

IrxI"ntat1on 
Speoimen aages Diameter P"netration in Thinne st Statio (2) 

Dea1gnation ot Sh""t 6r W"ld of Weld Sheet (t.bs ./Spot) Remarks 

BIBC-D 

(1 ) 

BICD-D 

EW-D 
e 

l!:IBC-D 

(1) 

EIBD-D 
C 

.032" - .040" 0.190" ~ 0.01" 50% in 0.040" 0.004" 

'''} 
Welded on PIlCO-2-11 

80% i n 0.032" 

.040· - .040" 0.230" 65" 0.005" 616 . 801~ lllaohine 

• 040* - .061" 0.190" 50% in 0.051" 0.004" 676 
75" in 0.040" 

0.026" - 0.032" 0 .120" 35% in 0.032" 0.004" 310 Welded on Taylor - Win-
50% in 0.025" 

0.032" - 0.032" 0.125" 60% 0.002" 378 rieid rocke r arm type 

0.032" - 0.040" 0 .140" t~ in 0.040" 
in 0.032' 

)0-

0.004" 438 stor"d "n"rEY ... aobi"" 

0.040" - 0.040" 0.175" 58% 0.006" 620 

0.032" - 0.051" 0.190" 65% in 0.051" O.OOS" 484 
45% in 0.032" 

(1) Theee comp .... lBon values have been \ak"n from previous17 reported worle. In pneral tbe 
welding condit10ns w"re 11milar to thosD giwen in Table 1. 

(2) Static values were obtained at Battelle on six apot specimens exact17 lilr:e tbole tested in 
fatigue. Values reported b.r the welder. for single lpot coupons vBr7 sligbt17 from tbo •• 
given above but show exactly the same order for different &agee. 

16 



SpeoilMn Bo. 

Ratio .26 
KIBt:-9D 

7 
1 
2 
:I 
5 
6 
4 
8 

10 

Ratio .50 
16 
1:1 
12 
11 
:16 
15 
18 
17 
19 
20 

Re\oad 
14 

Reload 

IliAt 0 .1'> 
22 
32 
26 
24 
36 
25 
27 
:14 
21 
2:1 
33 

Reload 

TABU· :I. FATIGUE TEST RESUU'S FOR SPOT-1IELOKD LAP JOI!;T SPECIKENS OF 
SHEETS OF UlIEQlJAL THICKNESS 

Speoimene of Lot A. Sheet' 0.032" to 0.040" 

Maximum Load 
Total 

Lbe. Lbe·/In. Lbs·/spot Cycles to Failure 

Y/-$ fa 

Rn.rke 

1660 330 275 14.800 .040· anea,; crIClD!ld weld. pulled in JJS!" 
1500 300 250 19.200 Welde pulled in .032" eheet 
1250 250 208 61.700 Partially pulled w.lde in .032" sheet 
1000 200 167 260.500 Fati~. cracke in both abeete 
875 175 146 489.400 Fati~e oracks in both aheet. 
780 156 130 546,200 Fati~e oracks in .032" ,heets 
780 166 130 647,700 Fati~e oracke in .032- aheete 
760 150 126 1.576,800 • • •• • 
15150 130 108 1.861.900 " " " • " 
626 126 104 :1.174.400 " " " " " 

2100' 420 350 7.300 Pulled welds in .0:12" aheet 
18QO 360 300 35.300 " " " " " 
1500 300 250 120.500 Fatigue cracka in both _eheet. 
1250 250 208 286.900 
1200 240 200 342.100 Fatigue cracks in .032" sheet 
1000 200 167 1.115.100 II " " II " 

850 170 142 2.384.100 Fatigue cracks in .032" sheet 
825 166 138 1.U6.8oo Fatigue oracks in .032" aneet 
750 150 125 4.036.900 Fati~8 cracks in .040" sheet 
700 140 117 >18.936.700 

1800 :160 300 34.300 Pulled welds in .032" &heet 
600 120 100 >10.213.200 

1500 300 250 172.200 Fatigue oracke in both shoets 

2600 420 433 23,000 
2300 460 383 11:1.200 Pulled welda in .032" sheet 
2000 400 333 121,300 II " .. n • 
1760 360 291 326.800 FQtigue cracke in .040" sneet 
1500 300 250 1.130.300 Fatigue cracka in both sheets 
1400 280 233 1.085.100 " " " " " 
1250 260 208 1.567.200 " " " II " 1200 240 200 3,822,500 " " " " " 
1125 225 188 4,263,000 J'aUcu- cracka 111.Dl1O" shee' 
1000 200 167 4.320.700 Fatigue cracks in .0)2U sneet 
900 180 150 > 15,972,900 

1500 300 250 1.544.700 Ft.tigue crbcks in both .beets 

~ • 
& 
~ . 
~ .... 

~ 
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Speoimen No . 

Rat i o .26 
BleD-8D 

7 
3 
1 
2 
4 
6 

10 
28 

6 
Re l oad 

Rat i o . 60 
1 11 
13 
15 
12 
11 
17 
14 
16 
15 

Reload 
9 

Rdoad 
Rnt:lo fli 

27 
26 
22 
36 
36 
21 
23 
26 
32 
34 

Reload 
33 

Reload 
20 

Reload 

TABLE 4 . FATIGUE TEST RESULTS FOR SPOT-wELDED LAP JOINT SPEC I l'dENS OF 
SHEETS OF UNEQUAL THICKNESS 

Specimene of Lot A, Sheets 0.040" to 0.051" 

Maximum Load 
TotaJ. 

Lbs. Lbs./In. Lbs./Spot Cyc 141 S to Failure Re_rka 

2250 450 375 7, 000 Pu lled weid e in . 040· eheet 
2100 420 350 14,300 " " " " • 
2000 400 333 14 ,900 " " " II " 
1760 350 292 39,500 Fatigue oracke ,in .04011 sheet 
1350 270 225 109,400 .. " N n " 
1100 220 183 228,700 " " II II " 
876 175 146 1,097, 200 .. " " " " 
550 170 142 767,100 " " u .. " 
826 165 137 1 ,705,800 
500 160 133 > 9,549,300 

1600 300 250 123,100 Fatigue "racks in .040" sheet 

2760 550 455 1.100 Pu lled welds in .040" sheet 
2376 475 396 32,400 " " ft " " 
2260 450 375 39,400 
2000 400 333 108,500 Fat i gue oraoks in both sheet s 
1500 300 250 220,700 u " " " .. 
1400 280 233 427,700 Fatigue wor se i n . 040" aheet 
1125 225 187 1,268,100 Fatigue oracks in . 040" sheet 
1000 200 167 3,039,900 " " • " " 
1000 200 167 > 9,412,200 
1760 350 292 144 ,500 

900 180 150 >10,229,400 
1600 300 250 263,300 Fatigue oraoks in both aheets 

3250 650 542 40,700 Pulled welds i n .040" sheet 
2560 670 475 179,200 .. " " ft • 
2500 600 417 429,200 Fat igue cracke in both sheets 
2400 450 400 256,900 Pulled welda in both sheets 
2100 420 350 426,300 Fatigue oraok e in both aheete 
2000 400 333 1,291,500 " " .. " " 
1700 340 283 2,255 ,000 Fatigue craoks in .040· sheet 
1600 320 267 3,485,500 
1600 300 250 2, 576 ,000 Fat i gue oraoka in .040" sheet 
1400 250 233 > 17,586,600 
2600 500 417 148,900 Fa tigue oracke in .040· sheel; 
1300 260 217 > 11,472,500 
2700 540 450 143,400 Pul led we1d e i n .040" sheet 
1200 240 200 > 10 ,368,400 
2400 480 400 344,900 Fatigue c r aoks in both sheets 



Specimen No. 

Ratio .25 
EIAB 2 0 

C 7 
1 
3 
9 
~ 

5 
8 
6 

ElBC 2 0 
1 
3 
4 

ElBD 2 0 
C 4 

1 

7 
8 
3 
5 
6 

Reload 
2ad Relond 

9 

W-56 

TABLE 5. FATIGUE TEST RESULTS FOR SP()'Il-WEIDED LAP JOINT SPECIMENS OF 
SHEETS OF UNEQUAL THICKNESS 

Specimens of Lot B 

)(aximum Loe.d 
Total 

Lbs. Lbs./ln. Lbs./Spot Cycles to Failure Remarks 

Sheet 0.025" to 0.032" 

1000 200 167 7,400 Sheared welds 
875 175 146 24,900 3 sheared welds - 3 pulled butto~s 
150 150 125 65,000 Fatigue cracks in both sheets 
625 125 104 318,100 " " 

,. ,. 
" 

540 108 90 936,600 Fatigue cracks in 0.025" sheet 
500 100 83 1,119,400 " If " " " 
4-00 80 67 1,822,200 " " " " II 

400 80 67 4,154,100 II II II " II 

360 72 60 4,755,600 II u " 
,. " 

Sheet 0.032" to 0.040" 

1250 250 208 20,800 Fatigue cracks in 0.032" sheet 
900 180 150 177,000 " II " " II 

650 130 108 944,600 " .. " " " 
550 110 92 1,287,700 " .. " " " 

Sheet 0.032" to 0.051" 

1500 300 250 11.700 Sheared we Id s 
1200 240 200 79,700 Fatigue cracks in 0.032" sheet 

Buttons pulled in 0.051" sheet 
1000 200 167 245,000 Fatigue cracks in 0.032" sheet 

810 162 135 770,300 Fatigue cracks in 0.032" sheet 
810 162 135 595,500 " 

,. 
" II " 750 150 126 1,706,000 Fatigue cracks in both sheets 

675 135 112 1,407,600 Fatigue cracks in 0.032 sheet 
600 120 100 > 17,166,900 
300 60 50 > 1,967,400 

'2500 600 U7 300 SheQred welda 
550 110 92 2,34-4,800 Fatigue cracks in 0.032" sheet 

--

i 
, 

~ a 
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WLE 6. FATIGUE TEST RESULTS FOR WNOBLOCK SPECIMENS OF 24S-T ALCLAD 

1.000" X 0.040" AT CENTER SECTION 

Max1DNa Load. Type of 
Speoimen No. Total ""ba. p_e.i. Cyelea to Failure Failure 

~H2 1~6 

UIC 6 2660 64,000 26,700 1/4" off oenter 
4 1~6 60,000 112,000 3/6" ditto 
1 1660 40,000 234,900 9/16" " 
2 1166 30,000 927,100 1/2" It 

3 1064 27,000 > 11,410,600 Did not fail 

Ratio .60 

7 2496 64,000 138,600 7/16" off center 
6 2106 64,000 492,900 1/4" Uitto 
8 1710 44,100 1,722,200 1/6" • 

Static Tensile Result. 

Statio Ultimto, statio Yield, Elonga tion. 
Specimen No. p. s. i. p.s.i. % in 2" 

UIC 9 67,160 41,600 16.3 
10 66,160 41,100 16.7 

TABLE 7. FATIGUE TEST RESULTS FCR ~NOBLOCK SPEClloEIlS OF 768-T ALOUD 
1.000"' X 0.040" AT CENTER SECTION 

Mt.ximum Load Type of 
Specimen No. Total Lbs. p.I.i. Cyole. to Failure Failure 

ll!tio .26 

XA.IC 6 2496 64,000 22,400 6/16" off center 
3 1948 60,000 72,900 1/6" " " 
6 1634 43,000 66,000 1/2" II " 
1 1660 40,000 111,900 at II 

4 1292 34,000 260,700 1/4" off II 

2 1170 30,000 > 10 ,116,300 
Reload 1666 45,000 64,600 1/6" " " 

Ratio .60 

6 2220 67,000 347,400 9/16· off oenter 
7 1362 35,000 >12,117,200 

RBload 1960 -60,000 921,900 

statio Tenllile Ruul til 

Cltatic Ultimate, Static Yield, Elongatio%4 
Speoimen No. p.a.l.. p ••• i, :c. in Z" 

IlAIC 9 76,300 66,800 9.3 
10 77,600 66,600 9.6 

20 
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TABLE 8. FATIGUE TEST RESU LTS FOJ< LAP JOINT SPECIMENS OF 24S-T ALCLAD 

WITH ONE ROW OF spar WELDS 3/4" SPACED 
(Group 4B~CD) 

~ximum Load 
Total Cyoles to 

Speoimen No. Lbe. Lbe ./spot Lb·./ln. Failure Remarks 

Ratio .25 

4BIC 4D WOO 333 400 2,900 Shear 
0 1 1500 250 300 38 , 000 " and pulled button 

2 \000 167 200 423,800 Fatigue .raoks 
6 800 133 160 1, 055,600 ditto 
3 700 116 140 5, 453,800 " 

Ratio ,60 

8 2000 333 400 49,600 Pulled buttons 
6 1500 250 300 249 , 200 Fatigue oraok. 
7 1000 167 200 1, 683 , 200 ditto 
9 800 133 160 > 13,743,700 

Reload 1700 283 340 127,300 Pulled bottons 

Statio Tensile Resu l t s 

S~ .. tic Ultimate 
Speoimen No. Total Lb •• Lbs·/Spot Lb··/Inch 

4BIC 14D 2700 450 633 
c 

Specimen No. 

Ratio .2~ 
:l 

B1C-3D 
C 

1 
2 
4 
5 
6 

Reload 

Ratio .60 
10 

9 
7 
8 

Spec imen No. 

BIC-llD 
12 

15 2600 433 507 

TAllLE 9. FATIGUE TEST RESULTS FOR LAP JOIN')' SPECIMENS 
01' 75S-T ALCUD WITH ONE ROW OF SPOT WELDS 

3/4 INCH SPACED 
X 

(Group BIC-D 
C 

Maximum Load 
Total Cycle. to 

Lb •• Lbs./Spot Lbs./ln. Failure Remarks 

2000 333 400 3,800 Shear 

1500 250 300 32,000 Fat igue crack. 
1000 16~ 200 147,100 Ditto 
700 11 140 983 ,200 n 

580 97 116 1,279,100 • 
480 80 96 > 11, 462.500 • 

1000 166 200 197. 500 • 

2400 400 480 8 , 500 Shear and pulled 
bottons 

2000 333 400 36.300 Pulled ~tton. 
1500 250 300 149 ,200 Fatigue cracks 
1000 167 200 895.800 Ditto 

Stat 1c Tensile ReBults 

Static Ult1lllat~ 
Total Lb •• Lba./Spot Lbs ./ln. 

2780 463 556 
2960 493 578 

'------------~-~~----~-------~-----~~----
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UlILI 10. SP!X:IJ'ICATIOIS OJ SPSCDCIIIS VI'l'H VjlUKI) stJllJ'AC~ PH!PAIU.'rIOlJS A!lD OLDIlfG COBDITIO!lS 

Static{~)Joint Craclas 

Yeldin« condition.(2) 
Load. ~f. via 

Group SUrface Preparation (lb •• ) (~) I.-rq Bemarka 

.l" Alcohol dip and wipe . D. O. veld. Tip force 4840 89.0(5) 10 Specially made velds with fused A.lclad 
So~. 14 etch. (1) Ylre 131of. 1.65IV 800 .rd. 
brushed. Welded within 195 turns ratio 10011 

ring arOWld ~t (good corona bonding) 
adds apprO%. 35 to spot strength. 

1 10 min. spot setup 
84.3(4) B. Diverse;r cleaner. D.C. veld. T1p rorce 4530 Tes Note larger velds compared to f1rst 

Clepo etch, wire bruahed.12Oof. 1.88n' 800 mfd. group of spec1JRena. 
Welded wi thin 10 min. 195 turns ratio Dome 

tips 3"'l1 825t/spot 
setup 

A. Alcohol dip and wipe. D.C. veld. T1p force 4150 13.4(5) Tes Corona bonding poor. larger nugget~ 
Sol. 14 etch onl.7 131of. 1.15lV, 800 IIfd than Group 1. Lover eff. due chem 

195 turns rat10 51of/ clean1ng. 
2 spot setup 

10.3(4) B, Diverse;r cleaner D.C. veld. Tip force 3800 Tes lote larger velds compared to f1rst 
then Clepo etch only 12Oof. 1.88n'. 800 IIIfd group of specimens. 

195 turns ratio Dollie 
tips 31rR. 6':1>f/spot 
setup 

A.. Alcohol d1p and wipe. A..C. veld. Tip force 5180 95.0(5) 10 Good corona bonding adds approx. ~ to 
Sol. 14 etch. Wire brusb.ol9Of. 24000 ~s. spot strength . 
ed. Welded vi th1n 10 min. timing 8c; 1 1 spot 

3 setup 
94. 3{4) B. D1 ver II ey- cleaner. A. C. veld. T1p foree 5000 Ho lote larger v elds compared t o first 

Clepo etch, v1l:e brushed. 600f, 24700 amp. t1.lll- group of spec1mens. 
Welded v1 thin 10 min. 1ng Sc, Dome tips 3-

'Ii 8r;of/ spot lIetUJ: 

4 ~7ST 1000 r1vets 3/16w dlam. Both sheets 4100 73.6(5) 

dimpled. lOOof/rivet 

5 12-Al1ST 1000 rivets . 1/8w diem. 4410 82. 7(4) Bel.1eved to be best 
tb~t combi nation 

(1) Sol. 14 developed b;r R.P. I. 
(2) D. C. velds made on J'ederal Model P)-12-B.A. machine. thro"'· t 21 w, Tips Ell allOT 3- B.. 

A. C. velds made on lederal P}-12-BA. thront 21- , G. ~. Control Panel CR1503. Tips 3" R. 
(3) A.verage valuei for these specimens. 
(4) Based on actual dimensionll and 66,400 p.s.! , for parent metal. 
(5) lIaaed on actual dimens10ns and 66.900 - - - " 
The above i nformation vall furni ebed through the courtes;r of Mr. C. W. Steward. 
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UBLB ll. BnSIlE TBIT JlBSUUS fOJ/. Sl'iCDlBlUI VlI!H '(AJI.IBD SURFACE PBEPAIIA­
noms ARD 1IiEUIIlI& CONDll'UJl\S 

~peo1men lI'Iax.1mJw !.Gad Cyolss ~o ~yerage Cycle II 
lind Group ('rotlll ~s.) hliare to P411ure 

Proup 1 . D. C. Vel.ds (lot B) 
wiFe MUI;f1 

LotJl. 
1 307'0 16,300 

• 1535 104,900 
7 1120 2,2~,800 

J.ot B 
2 ;,07'0 14,1OO} _ _ - - 13,660 3 ~ 13,000 
5 1535 98,~} - - llO,350 6 l535 122,300 - -
8 9'20 800,~ _ _ _ -590,900 
9 920 683,800 

~roup 2. D.C. 1Ieldt.: 
cbllm "em 

~JI. 
1 3010 151,100 
4 1.6» 66,800 
T 1120 JOT, 900 

...,tJl 
2 31m) !:::~ ___ 4,0~ 3 3orO .. W& ::= - - -73,600 II lUi 
8 9120 m,lOO} 
9 e. HO.OOO - - -41'1.050 

W-56 

UBLE 11. COJTnroED 

~peoilnm and Ma.xillwm Load Cycle .. to Average Cyole&: 
Group (Total Lba . ) Failure to Failure 

IOroup 3: At:. Welds (Lot B) 
vtire brush 

J..otA 
1 3070 6,200 
4 1536 89,300 
1 920 612,100 

~tB 
2 3070 5,400} __ -6,060 
3 3070 6,700 
6 1535 81,500} __ 81 150 
8 1535 SO, 800 ' 
8 920 287,500} 
9 920 264,100 - -276,800 

pro up 4. 6 rivets 
1 3070 

6,2:} 2 3070 8,200 -- __ 6,Il00 
:5 3070 4,800 
4 1536 

B9,300} 6 1636 99,800 - - 109,600 
II 1536 139,700 
T 920 119,300} 8 ~O lO6,300 - - 697,000 
9 920 665, oW<> 

~up 6 . 12 rivetG 
1 3070 ll ,3OO} 
2 3010 10,300 - -- 10,300 
3 3010 8,300 
4 1636 

l~"m 6 1636 1211,700 - - 1'+8 110() 
II 1636 116, ZOO • ., 1120 ~,161,800 
8 920 1,131, :100 - 1.603,600 
9 920 1 , 206, 800 

Hotel All tests at loa4 ra~io ot 0 . 26. 
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TABlB \S. FATIGUE STRENGTH AS .A. FUNCTION OF SPOT SIZE Iii SPOT wn.a; MADB WITH DlFFEREIiT SURFACE PREPARATION 

Speoimen 

J£-ws-t;1 

AC-WS::'; 
AI:-wl 
AI: -'IIB-t;e 
DC-1IB-+l 
DC-1IB~ 
DC-wB-4f7 
DC-WB-{}6 
DC-.cC-Il 
DC-CC~ 
DC-CC-17 
DC-Cl:-j6 

LbB~ Tota Cycles 
Load to Failur .. 

31)70 8300 
3070 MOO 

920 612,100 
920 287,500 

3070 15,300 
3070 14,100 

920 12,243,800 
920 600,000 

3070 19,700 
;,070 3,700 

920 307,900 
920 412,100 

AC - Alternating current 
DC - Direct our rent 
lIB - Wire brush cleaned 
CC - Chemioally'o leaned 

Corona Di&met .... Corona Ar .. a., Nugget Di ...... ter, 
Inch .. s (Total) Square Inches Inches 

0.278 .0602 0.116 
0.288 .0389 0.183 
0.276 .0469 0.126 
0.290 .0416 0.177 
0.230 .0242 0.149 
0.250 .0275 0.166 
0.285 .0384 0.180 
0.265 .0269 0.190 
0.260 .0277 0.180 
0.256 .0202 0.200 
0.251 .0296 0.159 
0.258 .0218 0.197 

• Area assumed bonded. The extent of bonding was estimated from the appearano 
of weld. atter the sheets were torn apart. 

TABLE 12. APPROXDlATE JOINT EFFICIENCIES FOR SPECIMENS WITH VARYING 
SURFACE PK!~AU1TIONS 

Specimen Joint Eft. in Per Cent at Various Lifetimes 
Type 1()4 Cyoles 5 x 10'" Cycle. 10" Cyoles 5 x 10° Cycles 

~pot welded 54-63 38-" 31-42 3O-S8 
~iTeted 58-64 42-47 40-44 ~-41 

~ ~ 

lOll Cycles 

- -~9 
36-41 

Above are approxaate l1miti~ values from the scatter banda shown in Figure S. 
Calculations uae groas area in both cases and sh .... t data from ltefer .. nce :5 
pt.g .. 302. 

Weld Penetration, 
Nugg .. t Area, ~ ot Total She .. t 
Sq. Inches (2 )( 0.040) 

E 

.0104 SO 

.0264 66 

.0126 50 

.0246 65 

.0174 SO 

.0216 66 

.0255 65 

.0283 65 

.0265 50 

.0314 65 

.0199 50 

.0305 50 

TABLE 14. WELDING CONDITIONS FOR PANELS FROM CALIFORNlA INSTITUTE 
OF TECHNOI.A)GY 

Material: 0.040" to 0.040" .Hclad 2~S-T 
Machine. Taylor-Winfield Hi-wave, oondenser 

disohar~e welder, 440 line volts. 
~lectrode pressure: 1100 Ibs. ~constantl 

apaoitanoe: 960 mid. (oonstant) 
~oltage. ----- (variable) 
"'hroat: Sanches (constant) 
IAr,-" 9 1/2 inohes (oonstant) 
~dius top eleotrode 4 inohes (oonstant) 
IRadius bottom ele otrode 4 inches (constant) 

II&terial cleaned in Calcite 163 and Oakite 164 

Panel No. Voltage 
1 1350 
2 1500 
3 1600 
~ 1700 
6 1800 
6 1925 
7 2025 
8 2125 
9 2250 

~ 
>-

~ 
~ 
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AVl;. We 1d NUl ~et Diameter 
l'Del ! Radiographs, Kicrographs, 

!Humber Inohes Inobes 

1 0.131!o.010 O.lOZ!o.OlO 

2 0 .l39!.o.01O 0.122!o.01O 

0 . l70!c.OlO 
+ 

3 0 . 162-0.005 
4 O.179!O. 010 O.l71!o.Ol () 

5 0.198!o.010 O. 19S!o.005 

6 0 .213!:O.01O 0.20Z!o.01O 

7 O. 228!o.01O O.ZZOto . OO 5 

8 0 .244!o . 010 0.246!o. 005 

9 0.252!o.020 0.248!o.01O 

TABLE 16. BlOPERTIBS OF SPOT WBLDS PR(I( CALIFORlIll IISTITUTE OF TECHIOLOOY SPECIKENS 

A~. Corona Diameter (1) 
)(ax. J4a.x. A"Arage (2) 

ATerage Offset Indentation Static Shear 
Ra.diogra.phs, Kiorographs, Penetration, from Ceb ter on one Si de, Strength, 

Inohes Inohe6 Inohes Line, Inches Inche s Pounds/Spot 

0.214!o.0l0 0.226!o.001 0.020!o.003 0 0.004 230!;30 

0. 2Z4!o.OlO O. ZSS!;o oOOl 0.0:n!o . 002 0 0.005 320! 20 

0 .247!O.01O 0.2,19!o . 001 0.037!o .003 0 0 . 006 419!20 
O.250~ .010 0. 259:0.002 0.04010.005 0 . 002 0 . 007 490! 20 

0.260!o . 004 0.2 70!o. 001 0.061!o. OO5 0.003 0 .007 570!10 

0.271!o .01O 0.Z8S!o .002 0.058!o .OO6 0.004 0 . 007 58S!.5 

0. 26:5!o . OO7 0.294!o.002 0 .06Zto . 008 0.005 0.008 73S!.10 

0.301!o. 01O 0.:nZ!o.OO6 0 . 065!o.005 
+ 

0 . 007 0.010 963-10 

0.;n4!o.020 0.S20!o.015 
+ 

0.070-0.005 0.007 0.012 l076~0 

(1) Total diameter of corona ring - not a direct measurement of corona 8.l"ea. 
(2) Average of results from :5 specimsns. 

Note: Nearly all welds were round with respect t o the s urface having the 
same diameters parallel and perpendicular to the di rection of testing. 
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ReBl&rks 

A few abnormally 
large welds are i n 
this group. Some 
welds unhonded wi til 
included Alolad. 
Very evenly shaped, 
no cracks or includ-
ed Alclad i n nugge t. 

Ditto #2 
Nugget shape becDm9s 
distorted , ot her-
wi se OK. 
Nugge t r ounded on 
one side. 
Nugget appr oaChing 
"dumbbe 11 she pe .... 
Some 811Ulll transvers e 
cracki ng. 
Cracks and por osity 
Nugget melted t hrough 
outer Alclad. 
A few abnormal ly 
small welds Are in 
this group. Al l .. el~ 
overhsated wi th 

cracks. 'poros i ty IlIld 
mel ting of outer 
Alclad. 
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NAOA ARR io. 4r01 

Speoimen 
No. 

lle.tio 125 
HIC 1·3 

1·4 
1·2 

2·3 
2-4 
2·2 
2-5 

3-3 
3-1 
3-2 
3-4 

4-1 
4-3 
4·2 
4-4 

5·1 
5-4 
5-3 

Reload 

6·1 
6·2 
6-3 
6·4 

7-1 
7·4 
7-2 
7·3 

6-1 
6-2 
8·3 
8-4 

9-1 
9-2 
9-3 
9-4 

Reload 

TABLE 16. FATIGUE TEST RESULTS FOR SPECIMENS WITH A 
WIDE RANGE OF SPOT WELD SIZE AND STATIC STRENGTH 

VALUES 

Specimens: 3" Wide, 0.040" • 0.040" Alclad 24s-T. 
3 Spots in row Transverse to Loading 

Maximum Load 
rro tal Lbs.( ILbs./ Cycles to 

Lbs. Spot In. Failure Type of Bresk 

522 174 174 59,000 Shear 
396 1:53 133 1,613,900 Fs tigue crack 
316 106 106 2,956,000 

750 250 250 2,900 Shear 
570 190 190 130,100 
474 156 156 631,900 
390 130 130 2,499,000 

900 300 300 4,600 
615 205 205 136,500 
393 131 131 1,206,200 
348 116 116 3,410,100 

736 245 245 800 Shear 
735 245 245 46,900 
468 156 156 974,400 
390 130 130 4,158,000 

646 262 262 44,100 Pulled buttons 
540 160 160 321,500 
339 113 113 >9,.275,100 

1200 400 400 3,200 

664 268 266 17,200 
552 164 164 416,000 
480 160 160 618,000 
408 136 136 2,298,600 

1104 366 366 13,100 
840 260 260 82,700 
702 234 234 147,400 
450 150 150 2,351,800 

1428 476 476 5,500 
912 304 304 67,400 
630 210 210 331,100 
420 140 140 4,075,600 

1596 532 532 2.100 Pulled buttons 
1014 ~~ 338 102,900 

720 240 247.300 
450 150 150 >10.238,700 

1800 60c 600 3.300 

as 



l __ 

Specimen 
!DesiG.Dation 

10.0-16" aheet 
UlF-r' 

0.040· "beet 
3 BIC-D 

3 K1C-D 
::I K1C-F 
::I LIC-D 

::I MlC-D 
i3 MlC-F 

M2C-F 

;5 !JI3C-F 

5 UlC-F 

p.064" $beet 
~ BlE-D 

~ NlE-D 
~ HZE-D 

~ W3E-D 

TABLE 17. SPECIFICATICNS FOR SPECIMENS WI TH 
VARIOUS SPOT WKLD PATTERNS 

----

Distance (2) 
Spot Between 

No. Total spaciD~ Overlap Rows 
Rows No. Spo ts (Inchee (Inchee) (Inehel ) 

40(1) 4 ]. l~ (See Fi g. 3) 2 

1 6 3/4 1 

2 12 3{4 1.1. i t ~ 18 1~ 2" 
I I I s 2 12 3/4 2 

3 18 3{4 2 .l S 

::I 29 2. I s 

3 29 .1 2 I S 
la 2 

3 29 .l_ 2. t S 2 

4 40(1) t 2 (See Fig . 3) 

1 6 3/4 1 

::I 18 3/4 2.!. 3/4 S 
3 18 3/4 al 3 /4 S 

:3 18 3/4 2-} 3 / 4 S 

Remarks 

Boeing j oint 

Post-aged (3) 
a f ter welding 
Postraged be-
f ore weldingO) 

Boei ng joint 
roll - welds 

Post-aged (3) 
afte r welding 
Po s b- age d be(~ ) 
fore weldi ng 

(1) In t~c se t e st So the t o te 1 number of s pots vari e d sli e;ht­
ly from one spec imen t o another . Va lue s civen here a re 
average ones. Sl igh t variati ons i n i ndivi due l ~roup s 

are discussed in t he te 7 t . 
(2) 5 denotes spot s in adjacent rows st8gge r ed, L spo ts in 

line. See Fi gure s 19 , 20 and 21 f or illustrations. 
(:3) Heat treated ten hour s at 370·F. 
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TABLE 18. STA'l'IC TEST RESULTS FOR SHEET USED IN SPO T WELD 
PATTERN SPECIIlEN S 

( Al l Sheet 24S~ Alcl a d,) 
(All Te st Piece s I" Wi de at Cente r Section) 

Ultimate Yield Elongation 
Gage \0.2% i? 2"J \in 2") 

Spe cimen ( Inches) (p.s.i.) ( p . S.1.) (%) 

As Reced ved 
AU' 8 0.016 66,250 45,600 13.2 
AlF 9 0.016 66 ,250 46,100 13.9 

3 A1C 12 0.040 66,200 46,800 14.2 
3 A1C 13 0.040 66,700 45,600 14.1 

5 AIC 9 0.040 67,200 43,680 14.3 
5 AIC 10 0.040 67,200 43, 680 16 .6 

3 AlE 12 0.064 69,900 50,266 16.2 
3 AlE 13 0.064 69,900 50,266 16.4 

l>ost-AgeM 
3 A2t; 22 0.040 68,700 64,200 4.5 
3 A2C 23 0.040 69,000 63,900 4.4 

3 A2E 20 0.064 73,200 68,300 4 . 8 
3 1.2£ 21 0.064 73,200 67,900 4. 5 

• Heat treated ten hours at 370°F. 
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NAOA ARR No. 4FOl 28 

:3 BIC-D. 

3 LIC-D. 

3 BIE-D. 

3 U3E-D 

TABLE 19. YIELDING CONDITIONS FOR LAP JOINTS WITH 
VARIOUS SPOT PATTERNS 

Machine I Federal Spot Welding Machine. Model P:3-l2-RA 
Roytheon Condenser Discharge Unit. Spec. No. 
W-450B. 

Speoiman GroupE DElgreasing Etchant 

~urfaoe Pre para tion 

:3 KlC-D. 3 KlC-F.) 

3 MIC-D. 3 MIC-F.) Diversey Clepo 

3IHE-D. 3 N2E-D.) 

3 M2C-F. 3, M3C-F Acetone dip and Wipe R.P.I. Sol'n. 14 

Tip Foroe 
~.V. Specimen Groups (Lbs.) !Md. Turns Ratio 

Maohine SettinJ;1 

3 BIC-D, 3 KlC-D, 3 KlC-F ,) 

3 LIC-D, 3 MIC-D, , Mlor) 1200 .76 800 196 

3 mC-F. 3 M3C-F 

3 BI E- D, 3 NIE-D, om"! 2000 1 . 98 1800 390 

3 N3E-D 2000 .BO IBOO 390 

Note I 3" Rad. dolZle tips used fo r all groups. 

TABLE 20. WELDING CONDITIONS FOR BOEING JOINT SPECIMENS 

1. Details for joints in 0.016" sheet are not available. Condi tiona 
were those of oommercial pra otice. 

2. Joints in 0.040" sheet were made on a Federal Condenser Disoharge 
Roll Spot ~elder, Serial 8908. 440 volt, 60 cycles. Conditionsr 

Etch - Six minutes in Oaki te 84-A 
Upper Wheel: (10" diemeter 

(~I wide face wi th l~' rodi us 

Lower Wheel: (ll~' diameter 
( 7/B" wi de fla t face 

Note I Spots not exactly in ohain alie;ruoont, but 
same 8S those being made for airplanes. 
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TABLE 21. STATIC STRENGTH FOR LAP JOINTS /lITH VARIO!JS 
SPOT PATTERNS 

Lba. per Join~ Eff. 
Speoim8n Group Total Lba. Spot (%) 

UlF-F 3,030 61 68 

3 B1C-D 3,805 634 29 

S KlC-D 6,930 677 62 
3 KlC-F 8,970 500 68 
:5 L1C-O 6,615 560 60 

3 IdlC-D 8,860 493 67 
3 IdlC-F 10,250 354 77 
3 1d2C-F 9,360 319 68. 
3 V3C-F 11,050 381 80. 

5 U1C-F 9,700 226 72 

3 BlE-D 6,970 1,161 31 

3 IIlE-D 14,760 82.0 66 
3 NZE-D 17,170 966 76-
3 N3E-O 18,240 1,013 80-

."s;;d statio ultimate ot po It~al!:ed sheet. 

TAIILE 22. FATIGJE TEST RE5'lLTS FeR MONOBLOCK SPECIW!:N5 OF 
SHEET USED FOR BClEING ~INT SPECIMEN S 

llaXimum Load 
Total Position 

8peoimtn No. Lb •• p.e .1. Cyoles to Failure of Break 

(0.016" GIl!';e as reoeived) 
Ratio 25 

A1F 5 1024 64,000 28,400 Failed 1/8" off otr, 
4 968 60,000 31,100 Failed in center 
2 836 52,000 72,700 Failed 1/16" off OU. 
1 640 40,000 368,000 Failed 5/8" off otr. 
6 1576 36,000 3,147,300 Failed in center 
:5 482 30,000 > 9,947,100 Did not fan 

Reload 644 40,000 306,400 Failed in center 

Ratio .60 

AlF 10 966 60,000 661,400 Failed If" off otr. 
12 912 57,000 646,200 " . " " 
11 880 65,000 2,708,500 Failed 11/32" off otr 

7 800 60,000 >10,168,600 Did not fail 
Relord 976 62,000 497,100 F,ailed lIB" off ot!'. 

(0.040" gage al reoeived) 
Ratio .26 

5 A1C 8 2600 65,000 32,800 
3 2410 60,000 63,600 
1 2010 50,000 117,100 
2 1610 40,000 262,500 
4 1360 34,000 563,400 
5 1044 26,000 2,384,900 

Ratio .60 

5 A1C 7 2400 60,000 239,800 
6 1800 45,000 2,942,800 



TAl!I.B 2:5. FAnGOE TEST RESULTS FOR IIONOBLOCI SPECI)(iiliS 
OF 0.040- 24BoJ! ALCLAD 

Kaxi_ Load 
Total Position 

Speoimen No. Lbe. p.s.i. Cyoles to Failure of Break 

Ratl.o .26 1111 reoei ftd 

:5 AIC 6 2600 65,000 26,000 Failed in center 
6 2400 60,000 49,200 - • Q 

2 2000 50,000 101,000 Failed 1/4" off oenter 
4 1760 44,000 171,300 Failed in center 
1 1520 :58,000 :501,000 Failed 1/2" off oenter 

17 1288 33,000 410,200 Failed 7/16" off oente 
3 1200 30,000 775,100 Fail~d 1/8" off oenter 
7 1080 27,000 910,200 Failed 1/2" off center 
9 1020 25 , 500 2,333,200 Failed in center 
8 960 24,000 7,M6,900 Failed in lower grip 

~atio .50 

3 A1C' 15 2605 65,000 99,500 Failed 318" off oenter 
11 2205 55,000 206,:'00 Failed 1/4" off center 
14 1522 38,000 1,434,800 Failed in oenter 
16 1440 36,000 2,946,400 Failed 1/4" off center 
18 1320 33,000 >11,347,700 Did not fail 

Reload 2000 50,000 224,800 Failed in center 

Ratio .75 

3 AlC 10 2600 65 , 000 805,600 Failed in oenter 
21 2210 55,000 4,423,600 

Ratio .26 l'i> 8 t-aged· 

3 A2C 26 2000 50,000 72,200 Failed in center 
25 1600 40,000 145,200 Failed 1/8" off center 
20 1200 30,000 469,300 Failed 1/2" off center 
24 972 25,000 >11,835,800 Did not fail 

Reload 1556 40,000 55,400 Failed 1/4" off center 
30 2400 60,000 30,200 Feiled 1/4" off center 

a Heat treated ten hours at 370·F. 
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TABLB 24. FATIGUK TEST RESULTS FOR JoI)NOBLOCK SPECIJdENS OF 
0.064" 24S-': ALCLAD 

Kaximum Load Position 
Speoi_n No. ITotal Lb6. p.s .i. CyolGS to Failure of Break 

Ratio .25 AS redeived 

:5 AlE 9 4224 66,000 36,400 Failed l/S'off ctr. 

8 3840 60,000 48,400 Failed ~off center 

6 32.00 60,000 53.600 

1 2560 40,000 201.300 Failed in center 

2 2180 34,000 439,300 n " " 
3 1860 29,000 894,500 Failed 7/1ef' off otr. 

7 1730 27,000 ;:. 10,2.73,300 Removed unbroken 

4 1600 25,000 ;:. 9,900,000 Removed unbroken 

~atio .25 l'ost-.ged • 
3 A2E 17 4550 71,000 5,800 Failed ~ off ctr. 

16 3840 60,000 33,000 Failed 5/8" off 
center 

18 3644 57,000 34,200 Failed 1/8" off 
center 

14 3200 50,000 113,600 Failed 1/16" off 
center 

10 2660 40,000 187,600 Failed 3/4" ;rr 
oenter 

11 1920 30,000 756,800 Failed ~ off otr. 

15 1730 27,000 >10,705,700 

Reload 2560 40,000 176,900 

aHeat treated ten hours at 370·F. 
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TABLE 25. FATIGUE TEST RESULTS FOR LAP .xJINT SPECIMENS 
WITH A SINGLE R()W OF SroT WELD!: 

(Group 3 BIC-D 0.040" Sheet)-

Maxilllum Load 
!specimen ITO tal LbS~1 Los-;J 

No. Lbs. Spot Inch Cyoles to Failure Remarks 

Ratio .2§ 

3 BIC-l D ~200 533 640 300 Pulled buttons 

2 2000 665 400 9,700 " " 
3 1250 208 250 397,300 Fatigue craoks 

5 1000 167 200 1,132,300 Fatigue oracks 

6 900 150 180 1,015,600 Fatigue oracks 

6 775 129 155 2,385,500 Fatigue oracks 

11 650 108 130 > 10,003,100 " " 
Re load 1200 200 240 376,700 " " 

Ratio .60 

~ illC-9 D 3000 500 500 4,400 Five pulled but-
tons, 1 shear 

4 2000 333 400 121,000 Five pulled but-
tons 

7 1.250 208 250 1,170,700 Fatigue cracks 

12 1000 166 200 > 10,607,600 Did not fail 

R 910aci 1600 300 360 106,700 Pulled buttons 

10 960 156 190 >10,141,500 Did not fail 

Reload 2600 416 500 11,000 Pulled buttons 

- Speoimen :5 BIC-D. Single row of apot. :5/4Q apart 
in 1- overlap. 
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TAllLE 26. :r.A.Tl~ TEST RESULTS !'OR IJ.P JOmT SPJ:ClMENS 
WITH TWO lIOWS OJ' S POT QLDS 

(Group 3 KlC-D 0.040" Sheet)_ 

SpeoilllBn Msxill\Ulll Load Cycles to 
No. TotRl Lbs. Lbs ./Spot lt~·/tnch Failure 

Ratio .25 

3 KlC-3D 4000 

1 3000 

12 3000 

2 2500 

14 2400 

4 1800 

13 1800 

5 1400 

7 1250 

IRatio 60 

3 InC-8D 1600 

9 1400 

-SpeoilllDnI :5 nC-D. 

333 800 2, 300 

250 600 13,700 

250 657 18,200 

208 500 105,100 

200 533 92,500 

150 360 541,200 

lSO 400 349,500 

117 280 1,393,600 

104 250 3,2~4,800 

lSO 360 1,745,900 

117 280 r 36,001,400 

Spot spaoing Within eaoh row 3/4". 
Distanoe between rows liz". 
Spote of alternate rows in I1ne (of load): 
overlap 1 llz-. 
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TAJILB 21. FATIGUE TEST RESULTS FOR LAP .KlINT SPECI~S 
WI m 'l1I) RO"S OF SPOT IIIoDI 

(.Group S .KlC-F 0.040· Sheet)-

Speoimen IlaJl.:iJll.IIII Load Cycles to 
No. [TOtill Lbs. tbs./Spot L1is~/Inoll Failure 

Ratio .25 

3 nC-9F 5000 211 1000 6,500 

8 4000 222 800 21,600 

i 3000 161 600 72,500 

2 1800 100 360 476,100 

3 1800 100 360 '568,000 

6 1500 83 300 6,614,500 

6 1000 66 200 I> 10, 786 ,400 

~atio .60 

13 nC-13F 6000 333 1200 11,500 

11 4600 260 900 95,000 

7 3000 167 600 774,900 

10 1800 100 360 1,707,800 

12 1400 78 280 1>12,210,100 

Reloa.d 3000 167 600 1,001,700 

-Speoimens 3 nC-FI Spot spaoing wi thin eaoh row }It. 
Distanoe between rows i". 

I 
I 

I 

I 

Spots of slternate rows in line (of loed); 
overlap li". 

TABLE 28. FATIGUE TEST RESULTS FOR LAP .KlUiT SPECIMENS 
WI TH TIll ROWS OF SPOT IJLDS 

(Group 3 L1C-0 0.040" Sheet)-

Speoimen Kaximum Load Cyolell 
No. otel Lbe Lbs./Spot UlII~niili to Failure 

Ratio .25 
3 LIC-20 4000 333 800 3,500 

5 3400 283 680 7,700 

1 2400 200 480 83,300 

3 1750 146 350 331,000 

6 1300 108 260 913,000 

8 1000 83 200 >11,582,200 

Ratio .60 
3 LIC-90 4500 375 900 34,600 

4 3400 283 680 126,800 

7 2000 167 400 1,072,400 

10 1750 146 350 >10,269,100 

Reload 2500 209 500 723,100 

-Specimens :3 LIC-O: Spot spaoing within eaoh row 3/4". 
Distanoe between rows 1;2". 
Spots or alternate rows staggered. 
Overlap 1 1/2". 
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TABLE 211. PATIGUB mST RESilLTS FOR LAP .mIlT Sl'BCII!I!IS 
WI TIl TBRBB ROWS OF Sl'O! QLDS S'!AOGDID 

~pee1l111n 
No. 

IRa tl0 . 25 

31UC-2D 

13 

10 

12 

1 

6 

3 

5 

Reload 

~atio .60 

11 

8 

7 

4 

9 

(~roup S KlC-D 0.0.0- Sheet)-

Max1111W11 Load Cycles 
Ota-r lobi. Lbe.{Spot Lbl./Inoti to Fe11,," RaCllrD 

6000 333 1200 2, 700 

6000 278 1000 13 , 460 

4400 244 880 62,700 Result unoert.1~ 
toad varied dur 
ing test. 

3800 211 760 n,Boo 

3000 167 600 133,100 

2400 133 48C 180,100 

1700 94 340 1.146,700 

1400 78 280 ~10.694.5oo 

2200 122 440 363,300 

8000 444 1600 1,000 

6000 333 1200 27,500 

4000 222 800 175,200 

3000 167 600 623.000 

1800 100 360 4,301.700 

-Speoll1111ne 3 ~C-DI Spot spacing wi t hin eaoh r ow 3/4 • 
Di stenca batwean rows 1/2". 
Spo t s of alter nate rows "aggered. 
OYetlap 2'. 
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TABLB 30. FATIGUE TEST RESULTS FOR LAP .llIN T SPECI~S 
1fl 'Ili THREE ROWS 01" Sl'OI QLJ)S 

(Group S ~C-F 0.040ft Shaat)_ 

Speo11111n lIaximum toad Cyola. 
Be. ITotal Lb •• Lbl./Spot I tbl ~-/InOf to Failure 

Ib.~ 25 

3 1I1C-1SF 8000 276 1600 2,900 

3 7000 241 1400 12,000 

1 6000 207 1200 18,600 

2 4200 146 840 60,600 

4 2800 97 560 382 . 600 

6 2400 83 480 811,000 

6 2000 69 400 1,476,100 

10 1600 55 320 > 9,468.500 

~atio .60 

S ~C-15F 9400 324 1880 7,800 

9 8000 275 1600 32.700 

8 6000 207 1200 134,000 

14 4700 161 940 212,500 

7 3800 131 760 1,965,800 

13 3000 103 600 I> 12 ,626,600 

Reload 3800 131 760 857.000 

• Specimens 3 M1C-F I Spo t spacing wi thin eA ch row 1/2" • 
Di s tance between rows 1/2". 
Spots of alternate r ows etaggerea. 
Ove rlap 2". 

I 
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TABLE 31. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMEtlS 
WI TH THREE ROViS OF SPOT VJ:LDS 

Speoilllln 
No. 

~atio 25 

3 M2C- 6F 

2 

1 

3 

4 

Re10lld 

IRatio .60 

3 M2C-l0F 

7 

5 

9 

(Group 3 M2C-F 0.040" Sheet). 

I4aximum Load Cycles 
Total Lbs. Lbs ~7Spot Lbs./Ino~ to Failure 

6000 207 

3800 131 

2400 184 

1800 52 

1400 48 

3200 110 

7500 258 

6000 207 

4000 lS8 

3000 104 

1200 5,800 

760 75,900 

480 396.200 

1160 856.000 

280 ~ 11.360,300 

640 100,300 

1500 12,100 

1200 27,400 

BOO 218,600 

500 1,134,100 

Poa'~d atter welding (heat treated 10 
hrs. at 370"F.) 

W-56 

TABLE 32. FATIGUE TEST RESULTS FOR LM' JOINT SPECIMENS 
WI TH THREE ROI'fS OF SPOT WELDS 

Specimen 
No. 

Ratio .25 

3 1I3C-4F 

1 

2 

3 

8 

10 

Reload 

/Ratio .60 

3 b43C-5F 

6 

7 

9 

Reload 

(Group 3 M3C-F 0.040· Sheet). 

I4aximum Load Cycles 
otal Lba. LbS./Spot ILbs./InOf to Failure Remarks 

7000 241 1400 11,800 

5500 190 1100 23.700 

3Boo 131 7flO 101,500 

2600 90 520 320.800 

2000 69 400 2.716.900 

1700 60 340 I> 10,344.500 

3800 131 750 118,400 

6000 207 1200 96,800 

3800 131 760 700,700 

2800 97 560 1,667,000 Result uncertllin. 
Load varied dur-
ing run. 

2400 83 480 >11,161.700 

3800 131 760 750,800 

.Specimna 3 )(3C-FI Spot spacing within eaoh row 11l". 
Distance between rows 1;2". 
Spots of a1tsrnpte TOWS .'ftggered. 
OYerl&p 21. 
Poat-ll«od before weld1D« (heat treated 
10 hours Ilt "O·F.) 
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'fABLE 33. FATIGUE TEST RESULTS FOR LAP JOINI SPECIMENS 
,'UTH BOEING TYPE SI'CYl m.D P.u'TIllI 

(Group UlF~F Boeing Joint in 0.016" Sheet)-

Specimen Maximum Load Cycles 
No. ITotal Lbs. Lbs ./:ip!>t Lbe ./Inch to Failure 

IRa tio .25 

UlF 11 F 3000 75 600 10,600 

2 

1 

17 

3 

4 

5 

6 

7 

12 

Reload 

IRa tiD .60 

14 

13 

18 

19 

20 

2.000 50 400 40,900 

1580 39 318 87.600 

1400 35 280 109,200 

1250 31 250 114,400 

1000 25 200 207,200 

750 19 150 485,200 

600 12.6 100 1,021,100 

360 9 72- 2,204,400 

260 6.5 52 >10,044,700 

3000 75.0 600 100 

3000 75 608 34,ZOO 

2000 50 400 141,700 

).400 35 280 436,800 

1000 25 200 1,067,000 

720 18 144 1,528,500 

-Specimens UIF-F. Spot spacing within each row 1/2". 
110. of rows of spots - 4, 
Oi stance between inner rows:5 /4". 
Oi stnnce between outer rows 1 1/8". 
Overlnp 1 1/2". 

Specimen 10. 

1!~~51 I~ 

5 UlC-lll' 
9 
1 
2 
4 

10 
6 

Reload 

Ratio .60 
5 UlC-l2l 

8 
2 
7 

13 

W-56 

T~ 3~. '.&TIGUE TEST lIl:SOLTS lOll LAP JOIlIl' 
SPJX:IKIIII 0.040 DiCE llOlIJG nPB JOIDT 

rtotal 
Lbs. 

7500 
6000 
4200 
3000 
1750 
1500 
1250 
4000 

7500 
5706 
3000 
2200 
1850 

• (Group 5 O'l.~ - 0.040 Inch Sheet) 

IIarlaa Load 

Lb·./V.14 Lb·./In. 
C7c1u to 
)'allure 

1711 1500 4.400 
143 1200 12,000 
100 S40 38,600 

70 600 137.100 
350 l,283'GOO 

35 300 3.141. 00 
29 250 :> 13.591.000 
93 800 39.900 

183 1500 23,500 
129 1140 78,300 

70 600 137,100 
53 440 2,863,500 
42 370 :> 34,000,000 

• Specimens 5 UlC-l - 4 row. of roll welds 1/2" spaced 
7/811 between center row. 
1-3/4" between outer rove 
2" overlap 

~ 
~ 

~ 
~ . 
~ 
~ 
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UBLJ: 35. lATIGOI TEST RlSULTS )'OR l.A.P JODlT SPECIMDS 
WITH on BOW 07 SPOT m.DS 

(Grou~ 3 BlE-D - 0.064" Sheet) -

Maximum Load 
Total 

~pecimen No. Lba. Lbe./Spot 

~t10 .2~ 
3 B1:E-14D 4000 667 

1 3000 500 
12 2400 400 
3 1750 291 
4 1300 217 
5 1100 183 
6 850 142 

Reload 2400 400 

Rat1" 60 
3 BlE-10D 5200 867 

8 4000 667 
7 2000 333 

11 1500 250 
13 1200 200 

- Spot welda 3/4" spaced 
I" overlap 

Cycles to 
Lbll./In. failure 

800 5.500 
600 35.300 
480 116.700 
350 639.500 
260 1.297.100 
220 1.573.600 
170 :> :"0,000.000 
480 136 .500 

1040 1.700 
800 78.500 
400 1.262.100 
300 3.700.000 
240 > 20.433.400 

W-56 

TAlILI 36. UTlGU! TEST RESULTS FOR LAP JOIllT sncIXDS 
VITH THlID BOWS OJ' SPOT WELDS (0.064" SHDT) 

MaxiI!lUll Load 
Total Cycles to 

Specimen lio. Lbs. Lbs./spot Lb··/In. lallure 

~t10 .2~ As rece1ved (Group 3 IDE-D) (1) 
'3 NU-lD 6000 333 1200 43.000 

2 4000 222 300 127.500 
3 2600 144 520 586.800 
5 1500 83 300 2.544.000 
7 900 50 180 > 11.879.600 

&t1o .60 
3 JlU-9D 7000 388 11100 335.200 

4 5000 278 1000 567.300 
6 2800 156 560 4.324.600 

l!.&tin ~2'" Post-eged.(2) a.1 ter velding (Group 3 N2:E-D)(1) 
3 ra-lD 6000 333 1200 29.100 

2 4000 222 800 87.700 
3 2400 133 480 499.800 
5 1600 89 320 1,301.600 
7 1250 69 250 2,448.200 

IR/!,t10 60 

3 Jl2~D 5000 278 1000 385.300 
6 3500 194 700 907,900 

~t1o .25 Sheet post~ed(2) before welding (Group 3 l!3D-D (1) 
3 N3~3D 7500 417 1500 24.300 

1 3800 211 760 168.200 
8 2400 133 480 421.100 
2 1500 83 300 4.690.200 
4 950 52 190 > 7.925.000 

Beload 1900 105 380 527.600 

(1) Spec1aens 3 JU-D. 3 ~. &114 3 I3I-D: 
3 rows of 8pOt weld. Itauered 3' ... · betVMJl rowe 
3/ ... • apaciac within thl rove 

(2) Beat treate4 10 hov. at 37(0),. 
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3 lIle-D 
3 ne-D 
3 Lle-I) 
3 Xle-D 
3 ne-J 
3 Mle-l 
3 K2e-l 
3 M3e-l 
5 me-l 

3 :BU-ll 
3 lllE-D 
3 lia-D 
3 IiI3Z-D 

UlJ'-1 

UlILJi 37. .T0IJ'l m7ICIDct V.wJJS lOB. SPOT-ltBLDID p~ 

Various Lifetimes for B. ., 0.25 

Static 104 4 x 104 105 4 x 105 lOb 4 x 106 

O.tJIW" 2~ ~cl.ad lap Joints 

29 15 15 14 11 11 15 
52 23 22".5 24 28 28 24 
50 21 22.5 23 25 22 25 
67 40 33 31 32 34 31 
6s 35 29 26 26 31 23 
11 54 41 31 39 38 35 
6s - 31 39 31.5 37 32 
80 54 41 31 39 38 35 
72 46 32 30 31 29 29 

0.064· 24s-T Alcla4 lap joint. 

31 11 15 17 11 16 11 
66 - 31 30 26 22 lit 
75 - 29 25 23 19 13 
80 - 33 30 26 22 14 

0.016" 24s-T Alclad with Boeing t)'p8 joints 

68 51 42 Ito 24 17 11 

Joint efficiency here IlI88nS the ratio of the fatigue .trength of 
a groes w1dth of joint to the fat1~e_Btrength of the 8~a w1dth of 
lheet at the lame lifetime UDder the aame load ratio. 

W-56 

'U.BUl 38. SP~IFlCATIO)lS FOR RIVETED UP JOINT SPECDIENS 

Rbet Diltanoe (!~ 
Specimen Width No. Total Bo. Spao1nc. Overlap Between Ro 

[ledgoation (Inches) Row. Rhet. (Inohea) (Inohes) (Inohes) , 

PIC-D) 
, 

<i 1/2 1 6 3/4 3/4 (l)P2C-D) 
P1C-F 6 1 10 1/2 3/. 

~C-D 4 1/2 a 12 3/4 7/16 3/4 L 
RIC-D 4 15/16 2 13 3/4 15/16 3/16 S 
alC-D 4. 15/16 2 13 3/4 1 1/8 3/8 s 
'flC-D 4 16/16 2 13 3/4 1 6/16 11/168 

~1~ P2C-D specimens were peat-aged e..f'ter riveting. 
2 8 denotea rivets in adjaoent rowa staggered, L r1 vets in line. 

. . .. . L.L1 ~ ~.~ ... ~~~:W:_ Prooedure 

6. Riveting pe."1o Chioago Pn4IU_tl0 Squeezer. 

~ a 
~ 

m 
~ 

~ 
~ 

UI 
-.oJ 



lAC A ARR No •• rel 
TABLE 39. STATIC TEST RESULTS FOR RIVETED LAP JOINT SPECIlIENS 

Spe 0 imen Statio Join~Z 
DeBignation Eff. (%) 
PIC-D 4160 
PZC-D 6130 1140 41 
PIC-F 6940 1386 62 

QlC-D 8700 725 19~6 76 
RlC-D 8760 676 1762 67 
SlC-D 9100 700 IS20 69 
TlC-D 9290 716 1858 70 

(1) Note, in Table 1, that sPl c1mens of different groups differ 
oonsiderably in width. 

(2) Joint efficienoie. are basal. on groas width of the jointed teat 
pieces and on 66,700 p.a.i. statio ultimate for al reoeived 
sheet and 69,000 statio ultimate for POlt aged sheet. 

TAllLl 40. 1J.TIGUll TEST BlSUL'l'S lOR LAP JOINT SPEClxm 
WITH on ROW OJ' FLUSH RIVETS 

Group P1C- 1 reoeiv D) ( ) is e4 
Max~_I.o.~ 

~ote.l 
Lbs .j'Rivet Lb •. /In. 

Cycl ... to 
Speciaen No. Lbs. Failure 
1iIL.t1o .25 

P1C-25D 3800 633 864 17.500 
22 3600 600 823 22.600 
10 3000 500 668 55.000 
15 2550 425 570 93.~ 
2 2,50 425 566 75. 
1 200 400 534 101.600 

14 2400 400 538 131.400 
16 2100 350 466 175,900 
3 2100 350 466 180,200 
4 1800 300 400 305. 600 
5 1560 260 347 572,000 
6 13zg 225 300 937,800 
7 11 190 254 1,288.800 
8 960 160 213 1.677 .900 
9 810 135 180 > 8,438,000 

1lIt12 s5Q 
Plc-2OD 3900 650 873 57.600 

11 3000 500 668 228.500 
17 2400 400 526 423.800 
18 1800 300 406 704.300 
19 1440 240 322 2,406,300 

&Ug .~ 
PIC-26D 3800 633 858 186,600 

27 2800 467 626 318,800 
28 2000 333 448 927,300 
30 1700 283 390 1,773.900 
29 1600 267 360 1,680,900 
31 1500 25.0 337 3,730 000 

_tio .75 

1'l~~D 3900 650 880 747,300 
3300 §~ 745 1.828,900 

21 3000 678 8 008,200 
(GroIJP P2C-D) (1) P08t-"'«fId (2) 

Batio .2'5 
P2C-49D 4500 750 1010 5.700 

46 3380 565 762 29.700 

~a 2400 400 534 96,700 
1680 280 374 261.300 

45 1200 200 267 "778.800 
47 900 150 205 1,264,400 
48 750 125 150 3.436.800 

(1) Specimens PIO-D, P2C-D1 4-1/2" wide. alngle row of 
rivet. 3/4" apart, 314" overlap. 

(2) Heat treated 10 houra at 370"8. 
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TAlILE 41. FA'l'IGUJ TIS'!' R!ISUL'!'S rOR LAP Jom 
SPSCIKmS WI'l'R OD BOIl OJ' nuSH BlVE'l'S 

(Group P1C-J') • 

Maximum Load 
Total Cycles to 

!specimen No. Lbs. Lb&./Rivet Lbs./ln. Failure 

tBatio .21; 
P1C-14 JI 6000 600 1220 10.500 

8 5100 510 1030 15.100 
7 4500 450 914 23.800 
3 3600 360 730 37.800 
1 3000 300 606 101.200 
2 2500 250 506 140.900 
4 2000 200 405 923.800 
5 1750 175 354 8.650.400 
6 1700 170 344 9.381.300 

iIlaUo .50 
PIC-lor 5000 500 1010 50.700 

11 3500 350 700 188.900 
18 2350 235 480 527.300 
16 2250 225 450 467.200 

!Ratio .60 
PIC-23F 6000 600 1212 49.000 

20 3800 380 772 253.200 
21 2600 260 520 615 . 900 
22 2300 230 467 £J4.600 
24 2000 200 402 1.099.'000 
25 1800 180 370 4.377.000 

I!!.a.tio • IS 
P1C-17F 5500 550 1100 266.900 

15 4200 420 846 539.600 

~ 

• Speeimen. P1C- j': 5" wide. single row cf rivets 1/2" apart. 
3/4" overlap 

W- 56 

TABLE 42. FATIGUE TEST RESULTS FOR LAP JOINT SPECIMENS WITH rno ROWS 
OF FLUSH RIVETS . (GROUP QlC-D). 

Maximum Load Cyole s to 
~pec1lnen No. ll'ota1 Lb •• Lbs./Rivet Lbs./in. Failure 

IRatio .25 
~lC 9D 7500 576 1550 10,100 

6 6000 500 1340 18,700 
4 4800 400 1080 37,800 
1 3600 300 810 89,000 
2 2640 220 590 298,800 
3 1920 160 427 1,665.000 
5 1680 140 375 3,473,600 

IHatio .50 
11 4200 350 940 142,200 
14 3000 250 670 1,733,700 

IRatio 60 
10 8000 666 1830 31,500 
15 6000 500 1343 89,700 

8 3600 292 840 453,600 
7 3000 250 678 734,300 

16 2500 192 559 "> 9,972 , 000 
Reload J500 291 760 1,371,600 

• Specimens ~lC-D. 4 1/2" wide. Two rows of rivets 3/4" spacing 
within each row. Distance between rows ,%411

• 

Rivets of the two rcws in line. Overlap 7 16". 
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IAOA ARR 10. 4101 

UBLE 43. FATIGUE TEST RESULTS FOR lJJ' .JOINT SPECDIENS WITH '!WO ROlfS 
OF FLUSH RIVETS (GROUP RlC-D). 

JIa: imum lDad Cyo!.. to 
8peo1mln No. rrota1 I.b •• l.b'jR1 .. t Lb··/in. Failure 

BlSiia .ii 
RlC 1D 7600 577 1600 5,100 

6 5600 422 1100 12 .. 700 
1 «lOO 308 800 37,000 
2 2800 216 660 113,200 
:5 2000 lS4 .00 436,200 
4 1600 123 320 2,223,300 
6 1360 104 270 3,941,800 
8 1200 92 U3 > l3,018,200 

Reloael 3000 231 608 97 ,800 

J!!tio .60 
15 8000 615 1600 32,800 
11 6000 461 1200 70.600 
10 4200 323 709 181,000 
9 3000 231 608 1,2i2,700 

16 2832 218 566 2,268,400 
a 2700 208 M4 8,242,300 

• Spe01mlns RIC-D. 4 15/16- wiele. Two row. of rhets, 3/4-
spaoing within, eaoh row. Di.tanoe between 
row. 3/lCS-. Rivets stauerecit Overlap 15/16-. 

tABLE.w. FATIGUE TEST RESULTS FOR LAP JOINT SPEClJotENS WITH TWO 
ROWS OF FLUSH RIVETS (GROUP SlC-D). 

Maximum Load Cyole. to 
Speoimen No. otal Lb •• Lbs·fRhet Lbs·/in. Failure 

B!iiS! .2§ 
SlC 14D 8400 646 1700 4,300 

6 6800 522 1360 12,100 
1 6000 461 1200 17,900 
2 4000 308 810 60,000 
3 3000 230 605 179,800 
4 2200 170 446 695,000 
7 1850 142 369 2,616,900 
6 1700 131 342 >10,060,400 

Ratio .60 
15 S400 646 1700 26,800 

8 6800 522 1360 61,400 
10 6200 400 1040 156,000 

9 4000 308 000 302,000 
11 3000 230 600 4,116,400 
19 3000 230 600 8,161.700 

• Speoimen. SlC-D. 4 16/16- wiele. Two rowe of rivet., 3/4-
.pacing within e~oh row. Di.tano. between 
eaoh row 3/8-. Rivets staggered. OVerlap 
1 1/8-. 



WAOA ARR 10. 4r01 

TABLE 46. FaTIGUE TEST RESULTS FOR LAP JOINT SPECI!o£NS WITH TWO 
RC7t'{S OF FLUSH RIVETS (GROUP TlC-D)-

Maxilllwn Load Cyo1es to 
Speoimen No. Total Lbs. Lbl./Rivet Lbs./in. Failure 

Iiatio .26 
T1C SD 8000 616 1600 10,500 

1 6000 461 1200 26,000 
2 4400 338 894 68,000 
:5 2800 215 5S0 317,500 
4 2200 169 228 1,533,800 
S 2000 164 414 S,5S5,8OO 

Bati2 .60 
11 8500 654 1700 37,000 

9 5400 415 1080 190,900 
7 3800 292 760 1,889,200 

10 3300 254 670 2,611,900 
8 3000 230 608 7,600,000 

• Specimens T1C-D. 4 16jlS8 wide. Two rows of rivets, 3/4-
spaoing within each row. Distance between 
each row 11/16". Rivets staggered. Overlap 
1 Sjl6". 

TABLE 46. JOINT EFFICIENCIES FOR RIVETED TEST PIECES 

Speoimen (1) 
Designation 

PIC-D 

P2C-D 

PlC-F 

CUC-D 

R1C-D 

SlC-D 

TlC-D 

Joint Efficiency 1D Per Cent (2) 

104 4 x 104 105 4 x 10:1 lOS 4 x 106 
Static Cycles Cycles Cycles Cycles Cycles Cycles 

36 35 30 2S 26 24 20 

S8 36 29 28 27 21 14 

52 46 31 29 31 

73 SO 41 39 39 40 42 

66 47 31 29 28 28 27 

68 53 38 se 36 35 37 

70 62 41 39 39 40 42 

(1) For meaning of specimen designation, see Table 38. 
(2) Defined al ratio of strength per inoh of joint 

to stren&th at la~ lifetime ot an inch width ot 
monoblock sheet. 
All fati~e joint efficiency values quoted above 
are tor & load ratio R = 0.25. 
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NACA ARR No. 4FOl 

Keller ' s etch 

Keller's etch 

Keller's etch 

Keller's etch 

(a) 

(b) 

(c ) 

(d ) 

lOX 
29159 

lOX 
29 15 9 

l OX 
29160 

lOX 
29 1 61 

Figure 1.- Spot welds In dissimilar 
gauge sheet - Company B welds. 

(a) 

(b) 

(c ) 

(d ) 

Fig. 1 

0.032" - 0.040" 
As received 

0.032" - 0.040" 
Fatigue break 

0.040" - 0.05lf! 
As received 

0 . 040" - 0. 0 51" 
Fatigue break 



NACA ARR No. 4FOl 

Keller's etch 

Keller's etch 

Keller's etch 

Keller's etch 

(a) 

(b-c) 

(d ) 

(e - f) 

lOX 
29162 

lOX 
29163 

lOX 
29164 

lOX 
29164 

Figure 2.- Spot welds in dissimilar gauge 
sheet - Company C welds. 

(a) 

Fig. 2 

0 . 032" - 0.040" 
Fatigue break 

0.032" - 0.051" 
(b) As received 

0.032" - 0.025" 
(c) As received 

(d) 

(e) 

(f) 

0.032" - 0.025" 
Fatigue break 

0.032" - 0.025" 
Fatigue break 

0.032" - 0.051" 
Fatigue break 
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NACA ARR Ro. 4F01 

3000 

4050 STAT I C (0.040 - O. 051) ---------1f----------------+--------------+---------------j 

3690 STATIC (0.040-0.040) 

3174 STATIC (0.032 -0.040) R {_~=~~O_..;;:::-+-------------+------------__i -- =0.75 

~ 

2000~-------------r--
R= 0.25 

1500 

1000 

900 

600 

700 

R = MIN . LOAD 
MAX. LOAD 

600 ~------------+-------------+-------------1-------------~----~~~~~x 

500 

10 2 

! z 
~ 
~ 

~ 
~ 
2 

i 

...... --
10' 104 105 10' Id 

CYCLES TO FAILURE 

FIG. 3 - FATIGUE CURVES FOR SPOT-WELDED SHEETS OF DIFFERENT GAGES. (ALL SPECIMENS 
5" WIDE, WITH 6 SPOT -WELDS, f BETWEEN CENTERS, ON SCIAKY MACHINE . ) 

- 3120 STATIC (0.1-0.040) 
- 29Oi5 STATIC (0.032 -0.051 ) 

- 2630 STATIC (0.032-0.040) 

I 
2000 

leoo 

1000 

iOO 

BOO 

700 

BOO 

eoo 

400 

.... 2270 STATIC (ODf-O.o321 ... 
-- 1875 STATIC (0.025-0.032) ~ 

O.o40-0.~ , 

0.032-0.051 ... . .,,-o_:~ 0.032 -0.032 - 1'. K, " ...... 
0 .025 -0.032 ....... .... 

r-...... ... :-........ ............ , 
"" ' .... ~ ~'b. 

~ ...... 
~ '~ "'" ~O 

R 0 MIN. LOAD 00.25 .................. .... ~~ ... u, MAX. LOAD 

............... l~ "'~O 
I~, 

)-
. 

'00 .-
Icr 104 

CYCLES TO FAIWRE 

FIG.4 - FATIGt.£ CURVES FOR SPOT -WELDED SHEETS OF DIFFERENT GAGES (ALL SPECIMENS 
5" WIDE, WITH 6 SPOT WELDS, f BETWEEN CENTERS, ON TAYLOR-WINFIELD MACHINE) 
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NACA ARR N~. 4101 

80POO ~ 77,700 STATIC 
I 
75S-T 

10,000 ~66,700 YIELD 75S-T 
66,400 STATIC 24S-T 

60,000 

~ooo 

11gs. 5,6 

R=O.25 {_ X 0 ...... -r-O~ 24S - T 

75S~ l( ~, ........ N.,O.60 
X 

~ 40,000 ~~~ ~_..A1,450 YIELD 24S-T 0 ........ -UJ 
a:: 
~ 
(f) R = MIN. LOAD X --~ ~,000 
::E 

MAX. LOAD ""'0 __ 
6--

X 

~ 

IJ) 
c 
Z 
::J 
0 
Q.. 

~ 

~ 
0 
....J 

::I!: 

~ 
X 
< 
::I!: 

20,000 

10~ 

CYCLES TO FAILURE 

FI G. 5 - FATIGUE CURVES FOR MONO BLOCK SPECIMENS OF ALCLAO SHEET ( 24S-T AND 
75S - T) . (SPECIMENS 1.000" X 0.040" AT CENTER SECTION.) 

30oo~------------~------------+-------------~------------+-----------~ 
2870 STATIC 75 S-T 
2650 STATIC 24S-T 

I R=0.60[-o 

1 _________ ~R~=~0;. 2~5~{~~~~ _-+ ____________ +-__________ ~ 
2000~ '~~_~_+----~~ :-

1000 

900 

R= MIN. LOAD 
MAX. LOAD 

800 ~-----------+------------+-----------_r------~~--fA,~--------~~ 

100 

600 

500 ~-----------+------------+------------+------------t---------~~O 
~ 

400 
10 2 104 

CYCLES TO FAI LURE 

FIG. 6 -FATl.GUE CURVES FOR SPOT-WELDED LAP JOINT SPECIMENS OF ALCLAD 75S-T 
AND OF ALCLAD 24 S-T. 



NACA ARR No. 4FOl 

Keller's etch 

248-T Alclad 

lOX 
29165 

" '.: ~ "' '." -'~.. ' .'" '",' ":""~~~~:" . 

Keller's etch 

758-T Alclad 

• • _:, ...... 4 

lOX 
29166 

Figure 7.- Comparison of fatigued spot 
welds made in 248-T Alclad and 758-T 
Alclad sheet. 

Fig. 7 

(a) 116 lbs./spot 
R = 0.25 

(b) 166 lbs./spot 
R = ').25 

(c) 116 lbs./spot 
R = 0.25 

(d) 116 lbs./spot 
R = 0.25 
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Fig. 8 

• 
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• • 

Figure 8 .- Photograph of fatigue test pieces. 

Each specimen was 10 " long, and 2" wide at the center section, 
and had a 2" overlap. The material was 0.040" Alclad 24S-T. 
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NACA AHa No. 4F01 rigs. 9,14 

3000 

2000 

1000 

STATIC VALUES 

5180 ______ r--r ____________ ~--------------~------------~------------~ 
44 I 6'l RIVETS SPOT-WELDS 
4100J ____ -+ __ ~------------~--------------~--------------~------------~ 
3800 

R = MIN. LOAD 
MAX. LOAD 

SPOT-WELDS 

= 0 .25 

104 

CYCLES TO FAILURE 

FIG. 9 -SCATTER BANDS FOR SPOT-WELD AND RIVET LAP JOINT SPECIMENS WITH DIFFERENT 
SURFACE PREPARATION. 

101 

IOO~------------~~------------~~----------~~--------------~----------~ 
103 104 105 10 6 101 

CYCLES TO FAILURE 

FIG. 14- FATIGUE CURVES FOR SPOT-WELDED LAP JOINTS WITH VARYING WELD SIZE. 



~ACA ARR No . 4F OI 

Keller's etch 
(a) 

Keller's etch 
(b) 

Keller's etch 
(c ) 

Keller's etch 
(d) 

l OX 
29677 

l OX 
29678 

l OX 
29679 

lOX 
29680 

Fig. 10 

n - 3070 Ibs. 
8300 cycles 

#.2 - 3070 Ibs. 
5400 cycles 

#.7 - 920 Ibs. 
512.100 cycles 

-#.8 - 920 Ibs. 
2 87,500 cycles 

" 

Figure 10.- Sp o t welds from panels cleaned by wire brushing 
A. C. welds. 



NACA ARR No. 4FOI 

~ ----

Keller's etch 
(a) 

Keller's etch 
(b) 

Keller's etch 
(c) 

Keller's etch 
(d) 

lOX 
29681 

lOX 
29682 

lOX 
29683 

lOX 
29684 

Fig. 11 

#1 - 3070 lbs. 
15,300 cycles 

#2 - 3070 lbs. 
14.100 cycles 

#7 - 920 lbs. 
2,243.800 cycles 

#8 - 920 lbs. 
600,000 cycles 

Figure 11.- Spot welds from panels cleaned by wire brushing 
D.C. welds. 



NACA ARR No. 4FOl 

Keller's etch 
(a) 

. - ,', . ~ "'" .'. . 

. -.".?;p:~,1-:!t!I~ _, .:~ .. . ... " 

,,-

Keller's etch 
(b) 

Keller's etch 
(c) 

" I' " -'\. ". • > _ • • 

Keller's etch 
(d) 

lOX 
29685 

lOX 
29686 

lOX 
29687 

lOX 
29688 

Fig. 12 

#1 - 3070 lbs. 
19,700 cycles 

#2 - 3070 lbs . 
3700 cycles 

#7 - 920 lbs. 
307,900 cycles 

#8 - 920 Ibs. 
412.100 cycles 

Figure 12.- Spot welds from panels cleaned by chemical 
methods - D.C. welds. 



NACA ARR No. 4FOl 

5X (a) 

5X (b) 

5Y (c) 

29167 

29168 

29169 

Fig. 13 

Panel #1, Weld #2 
Dark area - weld 
Light area - corona 

Panel #5, Weld #64 
Optimum weld size 

Panel #8, Weld #108 
Note crack in center 

Figure 13.- Sheared spot welds showing weld area and surround­
ing corona. 



NACA ARR No. 4F01 

Keller's etch 
(a) 

Keller's etch 
(b) 

-

Keller's etch 
(c ) 

Keller's etch 
(d) 

lOX 
29170 

lOX 
29171 

lOX 
29172 

lOX 
29173 

Fig. 15 

Panel #1, Specimen #4 
133 Ibs./spot 
1,613,900 cycles 

Panel #1, Specimen #3 
174 lbs./spot 
59,000 cycles 

Panel #2, Specimen #3 
2501bs./spot 
2,900 cycles 

Panel #3, Specimen #2 
131 Ibs./spot 
1,206,200 cycles 

Figure 15.- Spot welds in Panels #1. #2. and #3. 



NACA ARR No. 4F01 

Keller's etch 
(a) 

Keller's etch 
(b) 

Keller's etch 
(c ) 

Keller's etch 
(d ) 

lOX 
29174 

lOX 
29175 

lOX 
29176 

lOX 
29177 

Fig. 16 

Panel #4, Specimen #1 
245 lbs./spot 
800 cycles 

Panel #5, Specimen #4 
180 lbs./spot 
321,500 cycles 

Panel #6, Specimen 62 
184 lbs./s pot 
416,000 cycles 

Panel #6, Specimen *1 
280 lbs./spot 
17,200 cycles 

Figure 16.- Spo t welds in Panels #4. #5. and #6. 



NACA ARR No. 4FCl 

Keller's etch 
(a) 

Keller's etch 
(b) 

Keller's etch 
(c ) 

lOX 
29178 

lOX 
29179 

lOX 
29180 

Fig. 17 

Panel #7, Specimen #1 
368 lbs./spot 
13,100 cycles 

Panel #7, Specimen #4 
280lbs./spot 
82,700 cycles 

Panel #7, Specimen #3 
150lbs./spot 
2,351,800 cycles 

Figure 17.- Spot welds in Panel #7. 



NACA ARR No. 4FOl 

Keller's etch 
(a) 

Keller's etch 
(b) 

Keller's etch 
(c ) 

lOX 
29181 

lOX 
29182 

lOX 
29183 

Fig. 18 

Panel #8, Specimen #2 
304 Ibs./spot 
67,400 cycles 

Panel #8, Specimen #4 
140 1bs./spot 
4.075.600 cycles 

Panel #9, Specimen #3 
240 Ibs. /spot 
247,300 cycles 

Figure 18.- Spot welds in Panels #8 and #9. 
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NACA ARR No . 4F01 

Spo t welds 

.. 
.;to '. 

(a 1 29388 

in line (Test 3 K1C-Dl • 

..-.'" - --..........-- - - .. -

(bl 29388 

Spot welds staggered (Test 3 L1C-Dl 

Figure 19.- Lap joint specimens with two rows of 

Specimens 5" wide, with 1+" overlap. Spots 
1 " wi thin rows. Spacing between rows 2 

Fig. 1 9 

spot welds 

1 " 2 apart 



NACA ARR No. 4FOl 

(a) 29392 

Spot spacing 1/2" within row 
(Test 3 M1C - F) 

(b) 29392 

Spot spacing 3/4" within row 
(Test 3 M1C-D) 

Fig. 20 

Figure 20.- Lap joint specimens with three rows of spot welds 
Specimens 5" wide, with 2" overlap. Spacing between rows 

~" Note spots in adjacent rows staggered. 
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NACA ARR No . 4FOl 

(a) 29391 
0 . 016" sheet (Test UIF-F) 

(b) 29391 
0. 040 " sheet (Test 5 UIC - F) 

Fig. 21 

1/2" between welds in a row 
3/4" between inner rows 
3/16" between outer and 

nearest inner row 
1-1/2" overlap 

Roll welds, rows staggered 
1/2" between welds in a row 
7/8" between inner rows 
7/16" between outer and 

nearest inner row 
2" overlap 

Figure 21.- Lap joint specimens with Boeing type joint. 
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NACA ARR No. 4FOl 

Keller's etch 

Keller's etch 

Keller's etch 

Keller's etch 

Keller's etch 

Keller ' s etch 

3KlC-8D 
(a) 

3LlC-7D 
(b) 

3 MIC -4D 
(c) 

3 MIC -6F 
(d) 

3 M2C-3F 
(e) 

3 M3C-3F 
(f) 

-- --

lOX 
29668 

lOX 
29669 

lOX 
29670 

lOX 
29671 

lOX 
29671 

lOX 
29672 

Fig. 22 

Figure 22.- Representative welds from spot pattern- specimens 

(0 . 040" ) 



NACA ARR No . 4F OI 

W4 & _». a -

Pi 

Kelle r' s e tc h 

Keller's etch 

Kelle r' s e t ch 

• 

Keller's etch 

m • n 

3 Nl E- 2D lOX 
( a) 

3 N2E -3D 
(b) 

3 N3 E-ID 
( c) 

3 Bl E-1 2D 
(d ) 

29673 

lOX 
2967 4 

l OX 
29 6 75 

lOX 
29676 

Fig. 23 

Figure 23. - Rep r esentative welds fr om spot patte r n specimens 
(0 . 064" ) 



NACA ARR No . 4FOI 

Keller's etch (a) lOX 
29665 

Fig. 24 

o . 01 6" - Fat i 5" u e d - sec t ion e d par a 11 e 1 t 0 d i r,e c t ion 0 f t est in g 

Keller's etch (b) lOX 
29666 

o . 01 6 II - As r e c e i ve d - par a 11 e 1 to d ire c t ion 0 f t est. in g 

- - ----- -----

Keller's etch lOX 
29666 

0.016" - As received-normal to testing 

(c ) 

Keller's etch (d ) l OX 
29667 

0.040" - Roller wel d - pa r allel t o dire ct.i on of r olling 

Keller 's etch (e) lOX 
29667 

0 . 040" - Rolle r weld-normal t o direction of rolling 

Figure 24.- Spot welds fro m Boeing joint specimens . 

- - - - .---- --~--~~-~-------
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NACA ARR No. 4101 Figs. 25,26 
90,000 

eo.ooo 
70pOO 

60.000 

!SO.OOO 

40.000 

30,000 

20,000 

70.000 

60.000 

5OpOO 

40,000 

30.000 

20.000 

I-- STATIC VALUES
I 

~68.850 ULTIMATE (P(ET AGED) 
~66.450 ULTIMATE (AS RECEIVED) --- .lII---...., 1--61490 YIELD (POSTAGED) ~ :--. 

X--

I ~~ "X'·"Z.. R= .75~) X_ 
V- 46.200 YIELD (AS RECEIVED) "- " "',- .... r--t' .. 60 

~X, ........... ............ .X. 
X AS RECEIVED 

~ 'X 
0 POSTAGED ~ r-5~~_- X ....... 

O~ I _ 

MIN. LOAD R =.25 X X R= MAX. LOAD l-. ~ 

104 105 

'CYCLES TO FAILURE 

FIG. 25- FATIGUE CURVES FOR 0.040" ALCLAD 24S-T SHEET (SPECIMENS 1.000" X 0.040" 
AT CENTER SECTION) 

I 

STATIC VALUES 

I 
1--73.700 ULTIMATE (POSTAGED) n.. L"AS RECEIVED 
~69.900 ULTIMATE (AS RECEIVED) r-- ........ ~ 
~8.6oo YIELD (POSTAGED) 

I POSTAGED .A"O'~ 
f--- 50.260 YIELD (AS RECEIVED) ~~ 

~ 
'-X,-

~ 

R= MIN LOAD 
MAX. LOAD 

= 0 .25 

104 105 106 
CYCLES TO FAILURE 

FIG. 26 - FATIGUE CURVES FOR 0 .064" 24 S-T ALCLAD SHEET (SPECIMENS 1.000" X 0 .064" 
AT CENTER SECTION) . 

10 
1 

~ 



IC 
l!'I 
I 

:;: 

u) 
Il. 

:R 
w 
II: 
f--
Vl 

~ 
:;) 

~ 
X 
<l 
~ 

NAOA ARR No. 4' 01 '1gs. 27,28 

70,000 

60,000 

50,000 

40,000 

30,000 

20,000 

i-- 66,250 STATIC ULTIMATE 
~x - ..() QR=.60 

~~ 
0 -

-0-

~ fL 
-45,850 YIELD 

~"""--
"- -x 

R= MIN. LOAD 
MAX . LOAD X_ 

10 4 10' 10' 

CYCLES TO FAILURE 

FIG. 27-FATIGUE CURVES FOR 0.0 16" 24 S- T ALCLAD SHE~T (SPECIMENS 1.000" AT CENTER 
SECTIONJ 
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'IIlOO 

eooo 
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500 

000 

tOO 

tOO 

100 

tOO 

r- 8970 STATIC (4) 

~~ STATIC (X) 
15 STATIC (0 ) 

........ 4 R- MIH I.!lall -0.25 -........ MAX . LOAD 

'" "- 3804 STATIC (P) X-.s b.........~ 0 

---. ~ ~ ~ 

~ ~, ~ 

~ ~ SPOT 
SYMB<1. 15T SPACING NO. DlSTAN:;E 

~ ROWS BEl'WEBI 
~. ROWS 

-0 3BIC-D • I -
~ - f 

,. "-_X 3KIC -0 2 2' IN LINE 

~ -0 3L1C-D f 2 
,. 

STAGGERED Z 

-6 (' ,. 
N 3KIC- F 

I
Z 2 

ZI 

'0· ,ff 
CYCLES TO fAILURE 

FIG. 28-FATIGUE CURVES FOR LAP JOINTS 0.040"-0.040" WITH ONE AND TWO ROWS OF 
SPOT-WELDS. 
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NAOA ARR No. 4FOl 11gs. 29,30 
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CYCLES TO FAILURE 

FIG. 29- FAT IGUE CURVES FOR LAP JOINTS WITH 3 ROWS OF SPOT- WELDS. 
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MAX LOAD 
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\x x ' 
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"x .. , 
10' l(f 10" 

CYCLES TO FAILURE 

FIG. 30- FATIGUE CURVES FOR LAP JOINT SPECIMENS OF 0016" ALCLAO 24S-T WITH 
BOEING TYPE SPOT WELD PATTERN. 
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NACA ARR No. 4101 riga. 31,33 
10,000 
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;',000 

2,000 

1,500 

~ 9,700 STATIC 

~ "\. 
~ ~ ~ 

~~ ~ 

"x x~ 
R=O.25 ~ 

" ~ . • '0.60 

" x~x, MIN . LOAD R= 
MAX. LOAD 

"'x,-
"- -
~ X ___ 

103 10· 105 rJ 
CYCLES TO FAILURE 

FIG. 31 - FATIGUE CURVES FOR LAP JOINT 0 .040" SPECIMENS WITH BOEING TYPE SPOT-WELD 
~TTERN. 
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1,000 f..'6910 STATIC (0) 'e 
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SYMBOL TEST NO SPOT OISTANCE ~ ~~0 ROWS SRlCING BETWEEN 

{ ROWS 
0 381E-0 I 

-0 3NIE-0 3 £ f~ 
"\ ,,~ 3N2E.0 3 • .1." 

x • • POSTAGEO AFTER WELOING 
-4 3N3E -0 3 ~ .:.-

4 • 

~0--
POSTAGEO BEFORE WELOI NG 

"-, • . , . 10 10 10 10 10 
CYCLES TO FAILURE 

FIG 32- FATIGUE CURVES FOR LAP JOINT SPECIMENS OF 0064" SHEET WITH ONE AND 
WITH TWO ROWS OF SPOT-WELDS 
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NAOA ARR No. 4'01 F1gs. 33,37 
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SHEET NO. ROWS SPECIMEN GAGE SPOTS 
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3NIE - D 0.064 3 
3 MIC-D 0. 0 40 3 r- 66 STATIC 3NIE-D 5 UIC- F 0.0 40 4 (BOEING, ROLL WELDS 

I 
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R = MIN. LOAD • 0 .25 

~ 
MAX. LOAD 

f-+- 50 STATIC 3L1C -D 
3M IC-F 

5UIC -~~ 
~31 STATIC 3B IE-D 

f--.29 STATIC 3B IC- D 
3NIE-~ 

":'::-D1 
-....... ........ ""--

3BIE - D, 3B IC-D) 

10e 

CYCLES TO FAILURE 

...... ....... ---
FIG. 33-JOINT EFFICIENCY CURVES FOR SPOT-WELDED LAP JOINT SPECIMENS. 
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FIG. 37- FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE ROW OF RIVETS. GROUP PIC-D : 
RIVETS SPACED f APART GROUP P2C-D : SAME BUT SHEET POSTAGED. 



NAC A ARR No. 4F01 

(al 29389 
Specimen P1C-D - 4-1 /211 
wide - 3/411 rivet spacing 

(bl 29389 
Specimen P1C-F - 5 11 wide -
1/211 rivet spacing 

Fig. 34 

Figu r e 34.- La p j o int specimens with one row of flush rivets. 

• 



NACA ARR No. 4FOI Fig. 35 

(aJ 29390 

Rivets in line (QlC - DJ 

(bJ 29390 

Rivets staggered (TlC~DJ 

Figure 35.- Lap joint specimens wit h two r ows of flush rivets 
~If 3 If 4 spaced, 4" between rows. 

/ 
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NACA ARR No. 4F01 Fig . 36 

T1C-D 
11 / -16" between r ows 

(a) 29391 

SlC-D 
3/8" betwee n rows 

(b) 29386 

. , . ;,' 

- - ~ 

RIC- D 
1/4" between r ows 

(c) 29386 

Figure 36. - Lap joint specimens with two rows of flush 
3 II 

rivets staggered, 4 rivet spacing within rows . 
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FIG. 38-FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE ROW OF RIVETS GROUP PIC-F 

RIVETS f APART. GROUP PIC -0: RIVETS f APART. 

1-193501C-0 
1-18!l8 TlC-D 

'x '<\ 
.~ 

-925 PIC-D "" ..... n 11", 

" '\. 
" '" 6-<: 

~ 
-OX" , N 

0 PiC~ ~E ROW OF RIVETS 

~ ~<\-
X OIC-D TWO ROWS OF RIVETS IN LINE <\ TIC~ " " .. .. 

STAGGERED 

"-P 

R' MIN. LOAD 
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FIG. 39 - FATIGUE CURVES FOR LAP JOINT SPECIMENS WITH ONE AND WITH TWO ROWS OF 
RIVETS. 
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CYCLES TO FAILURE 

fiG, 40-fATIGUE CURVES fOR LAP JOINT SPECIMENS WITH TWO ROWS Of fLUSH RIVETS 
STAGGERED - EffECT Of VARYING SAIICING BETWEEN ROWS, 

STATIC VAWES 

75 STATlC QIC-D 

70 STATIC TlC-D 
69 STATIC SIC-D 

67 STATIC RIC-D 

52 STATIC PIC-F 

RIC-D 

P2C-D 

PIC-F 

R: MIN, LOAD : 0.25 
MAX. LOAD 

7 

~--------t---~~~~~~~~~~==~~~::=+::::::::~RIC-D I --= ___ 

10 4 105 

CYCLES TO FAILURE 

PIC-D 

FIG 4 1- JOINT EFFICIENCY VALUES FOR RIVETED LAP JOINT SPECIMENS FOR DETAILS OF 
SPECIMEN GROUPS SEE iA~LE 38 
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FIG. 42- COMPARISON OF JOINT EFFICIENCIES FOR RIVETED AND SPOT-WELDED JOINTS. 
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