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FATIGUE IJ.IE S·.rS OF RIV];:.rED JOIi'4"TS 

PR J GRES S REP ~~C' 01 TESl' S OF l? S-T Al:TD 53 S-T JOINT S 

3 y E. C. Hartmann , J . O. 1yst , and H. J. Andrews 

A ccnp r ohensive ~rogrnm of fnti~ue tests of riveted 
joints in alurr inum alloys was started in 1935 at the Aluminum 
Resea~ch 1~boratories in or~er to learn as much as possible 
Rbout th e be st method of designin g alu~inum- alloy structure c 
to re s i s t f a ilure from r epeated loadine. The scope of this 
inves t i g ation was made bro~i enough to include not only ac­
t u al joi n ts in wh ich load is transferred from one plate to 
anot h er, but also spe ci mens in which rivets c arry little or 
no stre s s, as mi ght bo the case i~ part s of a structure where 
the riv e ts nrc uS 0d only for th ~ pur~ose of holding two Or 
more pieces i n co] tact. The machines used in making the 
test3 h a7e p reviously been des cribe d. (See reference 1.) 

This rer ort prese n ts the fatigue data obtainod at the 
Alu~inun a c s c arch Laboratories . from tests of variouA types 
of l7S-T an d 53S-T specimens . These specinens were large 
enou gh to rep reoent actual service conditions , but the rep­
e t ition of lO a ding was mo r e rapid than would occur in ordi­
n a ry service . This hieher rate of londing was necessary to 
shorte n the testing time . 

Two plate materials , three rivet materials, twenty-nine 
types of specimens , and four different stress ratioa have 
been eLp loyed in th e tests described herein . This large 
number of variables has been justified because tho study of 
fatigu e of rivoted joints was BO new that it was necossary 
to branch out in different directions to obtain a comprehen­
sive k nowledge of the fati cue strength of riveted aluminum­
alloy structurea . 

Te sts of 486 specimens will be covered in this progress · 
rep ort. In adJition to tests of actual joint specimens, 72 
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of t hese 486 tests have been n ade ' .sing s'ingle p l ete s :DB ci­
mens which either were so lid o r contai~ed open ho l es or idla 
rivets. 

MATERIALS 

The specimens for this investi gatio n wer e cons tructed 
from 1- b:r 7~-inch rolled r e c tangular bar of alumi n u m alloys 
l7S-T (Federa l Specific a tion ~~-A- ~5 1) Qnd 53S-T (Federal 
S~ecific at ion Q~-A- 33 l). Th e mechanical properties of the 
b ar of both alloys were above the s p ecified values with the 
exception of the yield str ength of 53S- T, whi c h t"as sligl'.tly 
101" (1.2 percent). 

By usinG small pOlished sp eci mens cut longitudinally 
from the bar s'Go c k , the direct-stress fati gue properties of 
one lot of l7S-T were determin ed. As shown in figure 1, the 
endur an ce limit for stresses varying from zero to a maximu~ 
in tension is 22,000 psi base~ on 500 million cycles of 
stre ss . 

Button-head rivets of 17S-T, 53S-W, and stee l were used. 
The sizes vlere 1/4, 3/8 , 1/2, and 5/8 inch. Bolts of l7S-T 
having a diameter of 5/S inch and uins of 17S-T hav ing d ian -

~ ~ -et ers of 1, 1 - , and 2 c:. inches were a lso used. 

Although this i n vesti ga tion is confined to tests of only 
two aluminum a lloys , it i s believed t hat the results, insofar 
a s they deal with effe c t of arrange~ent o f rivets and t ypes 
of joints, a re general l y app licable to the other aluminun 
alloys. 

DESCRIPTION OF JOINTS 

Det ai l ed sketches of the reduced section of the v'rious 
types are shown in figures 2 ~nd 3 . The different types of 
specimens rna;)" be cl a.ros i fie d i n t h re e g e ne r a l g rouI')B . Th o 
first includes typos OX, G, GX, and K, which aro single 
plates either solid , with hole s , or with idle rivets . The 
second includes t he lap or single - shear joints , deoi c nated 
types A, Al , Az , A3 , B, C, CX, E, H, S, P , and R. The third 
include s the butt Or double- shenr jOints , t ypes J-l, 1-1, 
LL, M, OY , M- l, ~-l, ~-2, T, U, U-l, U- 2, and W-l. 
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The redu c ed se c tion o f ea c h specinen was obtained by 
machini~g to the d e si r e~ thi c kness i n a milling machine us­
ing a 4-inch d i ameter heli c al mill ing cutter 10 i~ches long . 
The millinG was done , i th the c u.tto r ~lol'mal and the tr owel 
of the carriage parallel t o the length of the spociman . In 
thi sway any m inu t e mar ks 1 e ft by the :a:acr.ining op era t ion v,ere 
parallel to the di r e c tion o f stress , which would minimize 
their effect on the fat i gue strength of the specimen . The 
keyways of eac h spe c imen were car e fully mac~ined in a 
shaper - planer SO as t o be paral l el after assembly of the 
s11ecimen . 

The rivets in the var ious speci~ens ~ere dri7en using 
the following c ombinations of c on~it i ans : 

r------- r---

Rivet Rivet Ro l e Driving 
Type of 
drivon 

material d.iametor d iamet er c ondition 
heaG. 

I 

I 
I 
I 

(in . ) (in . ) ! j -----

1/4 , 3/8 , 1/2, 17/64 , 25(64 , 33/ 64 , 
I 

ll,- alloy Cold Cone- peint I __ .L 

and 5/e and '1/64 I 
I 

Al allo;r 3/8 25/64 001c1 button I 
I 

Al Alloy 3/8 5/'0 13/ 32 and 21/32 and Hot Button I 
Steel 3/8 and 5/13 25/6lJ,- 8...Yld 41/64 Cold Flat I 
Steel 5/8 21 / 32 

I 
i=ot Button I 

I 
, 

I I 

The co!d- driven l7S- T r i vets were driven with 1/3 hour 
or less of room - tenperature agin[ between heat treatnert and 
driving . ThA cold- driven 53S- W r i vetD wero drivev after 
several weeks of r o om- temperature aging . The hot-driven 
17S- T and 53S- W rivets were heated in a lead bath at temper­
atures of 950 0 and 970 0 F , r 8spoctivel~ , and were driven as 
quic~ly as possi~le afte r removal from tho bat~ . Tho ccld­
driven steel rivets we re ~n~ e ~led first by heRting to 122~ 0 F 
for 3 hours ~nd then c ooling slowly i n the furnace 07erni~ht . 
The ~ot - driven steel rivets were ~eated i~ e gas-fired fur ­
na c e and were driven at a teEperatura of approximately 1800

0 
F . 

When bo l ts or p i ns were used , the holes into which ~)ey 
were fitted were reamed to s i ze with just enou~~ clearance 
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so that t h e bolts and pins c ould be inserted e asily . Alumi­
num-alloy washers were used und e r the h eads and nuts of a ll 
bolt s , and the torque u sed in tightenin g each bolt was 610 
i n ch-p ounds . Only 5/B-inrih bolts we re used. 

TEST :PROCEDURE 

The t e s ts in t h is i nve s ti gation ~e re made i~ the fati~~e 
mac h ines s hown i~ figur e 4, which were designed espe cially 
for testing riveted joints . (See reference 1.) The ma c h i nes 
were so constructed that t h e specimens may be subjected to 
cycles of dire ct stress fro A a n y velue in tension or compres ­
sion to any other value in ~ension or c ompression , provided 
the maximum loads are within the c apacity of the machine 
bein g used . For two of the ma chines the nominal capacity is 
40,000 pCllnd s, and for the ot he r four, 50,0 00 pounds . 

The testing mac h i~eB have been c ~l ibrated as de s c r ibed 
previously (refer e nce 1), and, i n addition , conside r ab le ex­
perimental work has been done t o ev aluate inertia effects oc­
curring under the variou s co nd itions of testinf, used through­
out the scope of the i nv esti g ation. Correctio ns obt ained 
from t hese dynamic calibration stu~ies have be0n made wherever 
necessary in the fatigue data report ed . 

The te st spe ci men is placed in th e ma c h i ne in a ~ertic al 
position a bout 15 inches fro n the fulcrum e nd of the ma c h in e . 
One end of the specimen is keyed and bolted to the bed of the 
machine, and the other end is similarly fastened to tho hori­
zontal loading beam . ~his lo a din g beam acts as a seco~d­
class l ever hav in g a r a tio of app roximately 10:1. When t he 
s pe ci me~ is bolted i n p lace a~d t~A cran k ( not being set at 
zero throw) i s turned , ~ovement of the lo a di ng beam up and 
down applie8 eit~e~ tens ion or co mp res s io n to the spoc i ncn. 
As load is applied , the deflection of th e loading bea~ is 
proportional to t~e load . 

The tensile or cO Dpr essive lo a d to be applied to any 
s pe ci men is co mpu t ed from the pr oduct of tho dcsirod stress 
and the minimum net cross - se c tional area of the specinen 
through tho reduc e d se c t ion . 

Each fa t i gu e - testing unit is equip~ed with li~it 
switches to stop t he mo t or when a speciEen breaks . At fail­
ure of a specimen t he s t ress in the load i ng be~m is a utomat ­
icallY 'relieved and the deflection of the boac changes 
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sufficiently to operate the l imit swit c hes . These swit~hes 
are sensitive enough s o that they usually break the aircu~t 
with the development of only a small crac~ in the specim8n. 
When a visib l e crack forms in a spe~imen , the test is con­
sidored comp l eted . 

5 

In the majority of tests , the range of fatigue stres~eG 

in the plates wa s froffi zero to a maximum in ten s ion , but in 
Gome tests the range was fr o m some stress in either tonsion 
or compression to some o ther stress in tOllsion. For conven­
ience the tests we r e run in groups , a l l tests in anyone 
grou~ having the same ratios of minimum to maxir:.um stress . 
In using these stress ratios , t8nsile stresses vere consi d ­
ered positive and c ompressive st r essos neGative. For any 
test the maximum st r ess is the one having the largest al ge ­
braic value , and not ne c essarily the one having the l~rgest 
numeric a l value . Fol l owing i s a c omp l ete list of stress 
ratios used , together wit~ examples of c orrespon ding stress 
rangos: 

Stress ratio 

0 . 75 
. 50 

° - 1 . 00 

of _"_t_' r_o_s_s __ r_a_n_g_.c I (psi) ~ 

15 , 000 t o 20 , 000 tension 
1 0 , 000 t o 20 , 000 tension 
o to 20 , 000 tension 
20 , 000 c ompression to 20,000 

I 

tension 

Unless definitely stated otherwise , all discussirn in 
subse quen t parts of this repo r t pertains to tests in which 
a zero stress ratio W3G use~ . Also , 1nles8 stated otherwise , 
all fatigue strengths are based upon 2 million cycles of 
st:"oss. This number of cy-clos ':Ias used b;;,r Prof. il. H. v:iJ_son 
(r (f~roncos 2 and 3) and by Otto Graf (roferonce 4) in simi­
lar test:,. 

The results of the fatigue tests were p lotted i ~ the 
form of S- N dia~ raros ( stress - number of cyclsG). The stressos 
plotted vere average values and did not take into account any 
nonuniform di st ribution of stress in the spLcimens . Some of 
the fractured specimens are shown in fifures 5 to 9 . A few 
representative S- N curve s ( figs . 10 to 12) are i nc ludea with 
this paper . A summary of the results of the testG is ~ivGn 
in tables I to IV . 

-- --- ------- -- --
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Most of the tests liere continued to failure, but 38 
specimens were re moved from the machine befor e failure be­
CaUse tl ... 8 numbe r of cycles had reached a proarranGod m'lximu~~ 
number, usually 25 million , whic~ waS c onsidered sufficient 
in this invest i gat ion. In ~he S-N diaGrams , the latter testR 
are indicated accordingly. 

SUM~ARY OF RESULTS 

The following summary is based On the fatigue tests re­
ported herein on ~luminum-alloy jojnts of l7S-T (FGde~~l 
Suecification QQ- A- 351) and 53S- T (Feaaral S~e cification 
QQ- A- 33l) . re effort is ma~o in t~is suc~ary to covor all 
the different stress ratios tested or ~he full r ane e o· nun ­
bars of cycles of streas used , si~co i~ is impractical to 
suruii.arlze the results +'; .• kin.~ :'cnto account all t1.C~ v!lri,1.bles 
included. I nstead , th~ strength of t~e various typer of 
specine:"s arc compared :t)ri:lci:l),-.ll~r on the oas::'s of "f3.tig-..:e 
streneth , II wldch is define'i [LS the IT!3.xiL:um stre3S On the !let 
sectio:l of the p la tes (piA) to which t h e jo~nt can be sub ­
jected for 2 Ei llion cycles , the stross in cRch cycle varyinc 
from zoro to a maximun tensi10 stross . 

1. Open ho le s and idle rivets reln c e tLe fatigue 
strenGt~.s of aluminum-a.IJ.oy plates cOll!';ider ab ly, the 
strengths obtained bein~ fro~ 11 to 42 percont of the nomi ­
nal static Gtrengths . The effect usually is ~re~ter (1) 
,,,ith an open h ole than with an idle riv'et , (2) with four 
idle rivets than with only one , and (3) wit~ hot-driven than 
~ith cold-driven rivets . 

2. In ceneral, idle rivets are 1e~s hartlful to the fa ­
tigue stren~th of a plate than ri~ets ~Bed to trun8fe~ load. 

3 . In the tents of lap joints ~ith 1/4-inch 91ates ~~J 
5/8-incJ~ rivets , about 86 }?3rcent failed b~T frac'(,c:.I"e of the 
p l ates through the rivet holes . Of t~e rcmaindor, ono join~ 

failed by s~earing tho rivets , and the other s by the ~ivet 
hetius' beine; brOken off ::is a :;:·esul:' of the pr~TinE~ action ex ­
erted on them during the eccentric 10qdll1C . 

4 . In t~le tests of la.p joints vdth l(l- ::"r.c·l r1ates and 
3 / 8 - i 11 C h r i vet s , 0 n 1 y .3:~ per c en t f a il 0 o. i n t :_ e p 1 (-l. t 0 S • Eo s .~ 
of t.he rema.inder failed by s}: enrir:.g the r iv:3ts , ~ltho' .... ;h .::t 

few failed ~y the rivet heads ' breakinG off . 

------~----~--------------------- ---- --------
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5. In the tests of butt join ts with Ii i - inch rlu~es a~d 
5/8-inc~1 ri-vnts, about 97 p e r cent of t.llE' failures 1:;01',· in 
the p l a~es , the r pma inder being by shearing of the rivets. 

6 . In t~e tes ts of butt joint s with 1/4-i nch pl~tos nnd 
3/8-inc11 riv Gts, about 44 per c ent of t:t e failuren "rer·::: in 
tho plates , the ~omainder being b~ sheari ng of t~e r i vtts . 

7. In the t e::>ts o f jOi )ltS i n \· hi c h t h3 fatiGlle failure 
occurred by tensile f ai lure i n t he p l utn and in whic~ the . 
stresses v arie d from zor o to a max imum tension , the tonsile 
fatigue Btrength~ ran~e d between 7 and 46 percent of the 
static tensilo stroneth of the mate ri al . 

8 . In tho tests of joints i n which t ~e fatiGue fai l u re 
occurred by ohear:' n g of the riv 0ts , and i n v!}>iC!l the stresGos 
varied f ro m z ero to a ~aximam in oue direction, the sh oal' f~­

tigue stren~ths ranged from about ~8 to 7 3 per c ent of ~hc 
nominal ctati c she~r strengths of the dr i ven rivets. Since 
these l'atio s for sLe'll' streLgths a re cOl'sidorably hi ;~}""0r tl:[l.n 
those give:l in the pl'ecedin , co n clus i on for tenrdle s0rengt!I3, 
it is evident t hat shear f at i gue is not as :'~portant in ordi­
nary dssiGn as teus il e fati~\e. 

9 . The fatigue s tre n gths of the alum i nu~- 311oy Jojntc 
r ange from 13 to 73 percen t o f the calculata~ static Gtren~th 
for l ap jOints, and from 10 to 55 PO I' ont f or butt jOirts . 
For each of these two general t yp o s , tho highoG~ percentagcs 
were obtained when t esting G3S - T plates wit~ cold-driven 
53 S-:'I rivets. 

10. ~he fatigu e strengths of the type 0 lap joints an~ 
type M butt j Oint s , for different corn~inat i ons of plate and 
rivet nater i ~lst a re as follows : 
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--~--------~------------------------------------'---T-----~------l 

PInto I j Fatig11e I F[\.tl ~;UO 
r.18_ t e r i (1 ] R i v :3 t G S -:; r on g t h * 1st ron l~ t h * I 
~~~ __ ~n_·l __ _______ ~:~ ~_~~~_~ ______________ ~~~ _=L ___ l _____ ~~~ ___ _ 

L ap joints (tYP 8 C) 
----------,--------- ·----- ---------- -1---------·-----:------------- ---

. , 
17S-T Cold-~rivan 17S - T I 9 , 800 12,100 
17S-T Eat-driven - 17S-T 7 , 7 00 9 , 400 
17S-T Cold-driven - Stoel 9 , 300 11,500 
17S-T Ho t - cl riv en Steel 6 600 j 8 0 "' 0 

53S - T Cold-drive n - 53 S-W 7:1 00 8 : 800 I, 

53S-T Hot - drivon - G3S - I.'1 6 ,7 00 8 ,2 00 
----------- . --------_ ... _-.-------------_.-- ----- --------- ---._- ------------j 

i 
Butt jointa (t ype 14) I 

-:~:=:---- -:~~=::~:::---:~-~~:=:--l--::~:::---r--~:~:::----1 
17S-T Cold-dri ven 17S- T 14 , 300 17,GOO 
17S-T Eot-drivon Stoel 5,600 G , 80e 

53S-T Hot -drive n - 53 S-W 1 15 , 70 0 1 9 , 100 
53S-T Cold-driv e n. - 53S - \ll 11 , 40(, 14,1(') 

-------------------.------~--.----- ------- ---- -----------
*Tollsion on n e t se cti on of platos , based on 2 ~illion 

cycles of stress , from zero to a maximum i n tens io n . 

11 . In gene r a l , butt joints ha T[ , :: hirt,hor fat:i.gllc 
strengthc ~han lap j o ints, even though both f~il i ~ the 
plates rather than in t he rivets . Fe_ exu ~ pl0 , in ~oiLts 
with 1/4-inch 17S - T plato c onta ini ng ~ si n g le ro~ of fo u r 
5/S-inch cold-driven 17S-T rivets ( types C Bnd M) , the 
f a ti gue strength of l~p j oints i s about 68 po rc CLt of that 
of butt joints . The l ower stren[th of the lap joi"ts is 
attributed mostly to t he flexing act i on r o~ulti~~ from 
e cc entricity of loading . 

12. I nc r 0 a s in g tho r 0 sis tan cot c; fI e x i n g ;) f 1 a J1 j (; i~: t s 
by i ncreasing tho th ickness of on c of th0 platos is b o ~e­
ficial in increasing the fatigue streng t ~ of th~ t ~ inn c r 
plate. For oxample , in s ome c omp~rativ e t ests in which tho 
thickness of one pInto wns doubled, t he strength af the 
thinne r plato was incr easod about 65 pe rc ent . 

~~--~-----------.--- --. -



NACA ARB. Fa . 4 I15 9 

13 . Tho usc of mult i p l e r ows of a g i ven size of rive t, 
with tho same numbe r of r ivets pa r r ow , increases the f~­
tiguo strength of l ap joints e v en though all failures nra 
in thc ~lDtc . For exa~ple , the strength of a lap joint with 
1/4- inch 17S - T platos containing a singl e row of 5/8-i~ch 
17S- T rivets was incr eased 2 1 pe rc ent by adding anothor row 
of the sa ~o numbe r and size of rivets . This im~rovemont 

probably c~n be attributed mostly t o the addnd stiff~css re ­
sulting frau the inc reased lap . A ~ other factor is th e 
smaller lead tran~ferrod by each rive~ . 

14 . F or the same tota l number cf rivets , lap JOlnts 
have higher f~tigue strengths , i n poun~s per squoro inch on 
the net scction of the plate , when tho rivets are sp~c~d 
closely i:1 a si;lg1e row tbar: ,,;hc:J. Spn08(l noro \"Jidoly in t'lro 
or mOTe rows . Fo r cxanplo , i n lap joints with 1/4- inch 
17S- T pl~t8s Bnd 3 / 8-i nch c~ld-d~iven 17 S- T rivets, tho fa­
tigue strenGth i n pounde po r squar e i nch of net soction of 
the plate was 10 pe r cent hig~e r w~en s i x r ivets wore used 
in a sin~le row t han WhGD they wo r a uGe~ in two rows of 
three ccch . When fatigue ~trcngt~ is expressed in pounds, 
however , tho joint wit~ a s! nGle r ow )f r i vots was about l~ 

per c ~ 11 t \'loa :': crt !:1a 11. the 0 t h (: l' • 

15 . Tho different types of lap j oints with l!{- inch 
17S-~ plates containin~ c ~d -d r ivan B/a- inch 17S-~ rivets 
:::lay be rat ·Jet. a.s folloWH , -'oogircni:1g "lith th" CPJ, iw_vin<~ tho 
highest fati6ue streng th : 

---------------------~----------------------------

Rivetn Fatigue str8n~ths* 
':: yp e ----- - -----,-- ----.-- ------- - - ---- - - ----,------------

of Tota.l L, . lJ:TUITlb8T Tens i on ilL plq.tcs t[ctc:.l J. Jc.1 ' .... 

joint nu.;1bcr of pEl r (no t sec tion) 

; --f- ~2~~-I-~t-- -----J~~~h~--- --- ~t~~T 

: I! ~ I i l Ugg ~! :m JI 
l ~_J_~_L~J_~.:: ___ _______ ~~~~~ _____ L-_.~_~~~~ .. _ 

*3asc cl on 2 l:Jillion cycles ef strc8S , t"i th 7.9rJ r.io:.L-.'E1 
stress .. 

lG . I?1 Gcne r a l, the ff.lt i[u.o stroncth of .::Llu:.linu:-.~....:....,l.~_ ":.':r 
lap joi~ts is higher when co l d-~rivcn rivots aru UB9d t~an 
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when hot -~riven rivets arc u sed . This d iff orence is ~ronter 

when stool rivets arc us ed . 

17. As would be expe ctod fron a know l edge of rc13ti~e 
basic fatiGue streng ths, joints of 53S-T plqte using hot -
or cold-~rivon 53S-W rivets had l owe r fati~uo stre~gths th~n 

si~ilar joints of 17S-T p lat e wi t~ hot- o r cold-driven 17S-T 
rivets . 

18 0 For a g i vAn spncin~ and arran geDe nt of c old- Qrivon 
17S-T ri~ots in 1! 4-i nch 17S-T plates , the fatiguo strength 
of a la~ joint increa ses as tho siz0 of the rivets is i~­

c rABsed , avon though ~ost ~f tho failuros occur 3S t~nsile 

fractur es 0: the plBte r athor t h~n as s hea r fail~ros of tho 
rivets. This Et atenont i s true ~het~ G r the fatigue strenct~ 
is exprossed in pounds pOl' sauaro inc h of net area er in 
total loaQ in pounds . The abovo statenent i ~ gener~lly tr' o 
also for bu ~ t j Oints, EowGvcr, us n oto~ in t~c fol l owing 
table ~ f bu tt j o ints , ~c in5 fro~ 1/2-in ch to GIS- inch rivets 
in t ho t~r:pQ 1·; joi t c O-,Hlcd f'.. red'lction in fntigu03 streYl[;t!1 
b ased on stress on t he n o t area una ulso in totnl le nd on 

• • ~ f'1.' -'" 1 1/ . h" 2 )/ . . Sp O Cl i.1en 111 IJouncs . '-1'"nne; J.r on '-'" . 2-J.nc pln ... 0 o. '7 2-1:1C. : 

pin in the tYl) 8 Q,-2. j ';)irt gave .'1 reC'.ucti on in fatir;uo Gt r on c~th 

base d on to tal l oad o 

- ---------1-----------·-----------·---------- ------------------
Rivets o r }J i ns 

T;)Tpc Plo, to 
:1.110;1;-

iJ-l 17S-T 
U-l 17S-T 
U-l 17S- J:1 

L-l 17S-T 
L-l 17S-T 
L-1 1 7E: - T 

W-l 17S-T 
''7-1 17S-T 

. M 17S-T 
H l7S-T 
H 17S-f 

r.t-2 17S-T 
Q,-2 17S-T 
Q-2 17S- T 

~~::~r~~~:~-r;~ ~~~:~ H :~- r;'~~- -;:~~~::---;:~~~::-
(in.) I co nct i- of I por stron Gt~ st~u::1.g'b~ 

-f;;~- ;:7s::dl-;~~~--' ~i~~t-~;~ I-;:~~~;~- -;: ;~~~; 
1/2 17S-T C ol d 1 I 2 . 8,600 1 3 , 900 
3 /S 17S-T ! Co ld 1 2 4 ,6 00 7,700 

5/ 8 17S-~ 1 Col d 2 4 17,800 22 , 000 
1/2 17S-T Col t 8 4 1 6 , 400 22 , 300 
3/S 17S-T Co1 ~ ~ ~ 9 , 800 14,5 00 

1/2 17S-T Cole 3 4 1 4 , 200 19,3 00 
3/8 17S-T I Col d 3 4 9 , 200 1 3 ,7 0C 

J/B 17S-TI C old 1 ~ 1~ , 300 17,6 0) 
1/2 17S-T Cold 1 4 15,700 21 , ~OO 
3/8 17S-T i Co l d 1 4 9 ,7 00 1 4 , 400 

17S-T 
17S-T 
17S-T 

Co10. 
C ;) l c_ 
Co ld 

1 
1 
1 

1 
1 
1 

9 , 400 
0 , 400 
13 , 500 

11, 1300 
14,1~O 

J.3 , 000 
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In terms of l oad in pounds on th e specimen a li mitinG v a l ue 
of fati gue strongth seoms to be reached when t he rivet diam­
et e r is increa s e d to about ono - third tho riv e t spac in g . 

19. As \"ould be expected fro ;"l1 a gOl1o r al kno'-,lf'd§;o of 
the fatibu.e of metals , the groate~ the r atio of mih i mum to 
maximum stress , the gr ea ter the maximum f a ti guo stress Ih ieh 
a joint will wi thst and . 

2 0 • The c t res sea nee n t r n t i 0 ~l fa c t 0 l' [> , dot e r min e d b;;r 
comparinc t 10 fati~ue strengths for a ll the various types 
of specimens in which failur o oc nur r ed in the plat~s with 
t h 0. bas i c fat i gu est ron g t h s < 0 f t h G P 1:1 t e mC1. t e ria 1 s , r a 11 g 0 c1 
between 1.3 and 9 .3 . It is concluded , thorofore , thC1.t it 
is impo ~G ible to a r rivG a t any satisfa ctor y average stress 
co n c ontration f a ctor for ri veted mem b e r s i n gone r a lo 

21 . The st rongest two a l um i nllm-a lloy l ap joints, based 
both on unit stress on tho ~et s e ction of tho plato and on 
total load in pounds , nrc typos H ond ex qith 1/4-inch 17S-T 
main platos ~nd 5 / 8-1n"h l?S- T rivets. The othJr dot3ils 
of those joints and the fatigue st r on~ths arc CivG~ in the 
f 0 I J. a y'fi n G t 0. -b 1 e : 

22 . ~hn st r ~ngest butt jc i nt when based on oither t~o 
n et section of t~e pl'ltes ')1' total 1 0,'l.c i n }lounds 1"",S tl:e 
t y:!?c M \,' Hh 1/4-inc11 1 7 S- T plates c ontrlin i n(; 5/8-ir..ch dic..If:.­
otcr 17S- T bolts . Tho f"ti Gue strength (Ii LL i ., S:t1ocil,C'n --':1.ft 
21,4 00 psi corzespor1in? to a IOC1.d of 26, 8JO p_ln~s. ~ho 

sccol~_i stl'o~be'3t bu.t.t joi!lt alL thi ~- samo b:l.s:i.s i-'C1.J t'le ty:;?o 
U-2 \"i th 1/4- inch 173-T pin. 'li os l.ad J.li~ --i~ch 1?3-C' piilS 
which had n fati Gue strength of 1 8 , 100 ps i corre~ponding to 
a l oad of 22 , 600 pounds . 
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23. For a given spacing , size , and number of rivets 
double shenr butt joints ~rA superior to single shear butt 
joints ~nd lap joints even though failures occur as t ensile 
fracture of the platesc Values obtai~od for joints with 
1/4-inch 17S - T plates and 5/8-inc~ cold-dri ven rivets are 
given celow: 

-----.----------------- ---;~~:::----J--;:: i (;::-:~~::::::~--­

;~~~;;N;~;~; --~;~~~~:i;:T;;~~~~-
rows row (~et section) I 

--------------------L---- ------- --~~~~----1--~~~L-i 
Doubl e shcQ.r butt, M 1 1 1 4 14 , 30-:; 17,65°1 
Lap, C 1 4 9,800 11,600 
Sing le shc~r butt, CY 1 4 7 , 000 8 ,6 00 
-------------- - - - - - ------ - ------ -------- ---------1--------

joint 

*Buscd on 2 million cycles of stress , with zero fuinlMu~ 
stress" 

Aluminun Research Lab oratorian , 
A 1 U Y.1 i n u •. 1 C 0 lilp any 0 fA!..: e r i e c, , 

New Kensington , Pa ., June 24 , 1944 . 
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Type of Plate I!.bets 
Specimen IIater14l. "aterial Q1aaIater, Type ot 

io. Ql"inD /lead 

LaE Joint.: 

A 17S-T 175-T 5/B Con&-point 
5/B A 17S-T 175-T Biltton head 

A 17S..T 175-T ~/B Cone-poiot 
A 17S-T 175-T 3/B Co ...... poiot 
A 175-T Steel 3/B Flat 
A 535-T 535-11 3/B Con&-point 

B 17S~'T 17S-T 5/B Cone-point 
B 17S-T 175-T SiB Button haa<! 
B 17S-T 17S-T 1/2 COll&-point 

C 17S-T 175-T 5/B Cone-poiot 
C 175-T 17S-T SiB Bllt ton head 
C 175-T 175-T 5/B Button head 
C 17S-T 17S-T 5/B Button head 
C 17S-T 175-T 5/B Button haed 

C 17S-T Steol 5/8 Flat 
C 175-T Ste.l 5/B Button head 
C 175-T St •• l 5/8 Button h.ad 
C 175-T Steel 5/8 Button head 
C 17S-T Steel 5/8 BIltton head 

C 175-T 17S-T s/8 Cone-point 
C 17S-T 175-T 3/8 . But ton head 
C 175-T Steel SiB Flat 

, 17S-T (S/O-b.dia.175-T bolts) 
~ 17S-T (S/S-in.dia.17S-T bolts) 

C 53S-T S3S-W SiB Cone-point 
C 5SS-T S3S-W 5/8 Button head 
C SS5-T S3S-W 5/8 Button head 
C 5~S-T SSS-W S/8 Con .... lI"int 

CX 17:;-T 175-T 5/8 Button h."d 

3/8 Cone-point S 175-T 173>-T 
3 SSS-T SS5-W S/8 Con~!>01nt 

P 17S-T 175-T 5/8 Cone-point 
p 175-T 175-T 5/8 Button head 

5/8 Cone-point n 175-T 17::;"'T 
R 175-T 175-T 5/8 Button head 

E 17S-T 175-T SiB Cone-point 
E 175-T 17S-T 1/2 Cone-point 

S/B Cone-point E 17S-T 175-T 

H 17S-T 175-T 5/8 Com~·point 

H 17S-T 175-T 1/2 Com'-point 
~/8 Co~point H 175-T 175-T 

• Ten.ile stress; load divided by net area. 
# Rivet heads broke off. 

DriY1ng 
c;.oDdit1on 

Cold 
Hot 
Cold 
Cold 
Cold 
Cold 

Cold 
Hot 
Cold 

Cold 
Hot 
Hot 
Hot 
Hot 

Cold 
Hot 
Hot 
Hot 
Hot 

Cold 
Cold 
Cold 

Cold 
Hot 
Hot 
Cold 

Hot 

Cold 
Cold 

Col<! 
Hot 

Cold 
Hot 

Cold 
Cold 
Cold 

Cold 
Cold 
Cold 

TABU I 

SlIIIWiI OF II.£SOL'I'S OF FAn::DK TBS'I'S 01' RIV ETBIl JOIll'l'S 

streas ,Fa.Uureo Xbcountered at Vari""" .:ensUe Stress at Failure," 
Ratio _ or CYCles or stress 

oOi 

C~ 2xlO6 lD lOS 2xlO" 10 
C;,cles C;,cl .... C;,cles C1"les Cycles 

0 IIea<II TenoUe TensUe 9700 5900 4700 
0 lIeadl Tenall6: TeDilile 9700 4 aco ~ ~OO 
0 S~ Shear Shear 3900 2400 2000 

-1.00 Sh ..... Shear Shoar 2100 1 aco 1000 a Shear Tensile rerulUe 7200 4000 2100 
0 Shear Shear Shear 3200 2 600 2200 

0 '!maU. Teru!ile Tensile 15600 B 400 5600 a IIUdI Temile TeMile 13 BOO 6500 5200 
0 Shear Tenoile Tensile 11 700 7000 4 BOO 

0 Toncile Te .... ile Ten311e 18 400 9900 5500 
0 ToruIUe Tensile Tmo11e 20 sao 7700 6100 

+0.50 Tensile TerulUe Tensile 25200 11 200 B 400 
+0.75 - Tensile Tensile - 21300 13 700 
-1.00 Tensile Tenoile Te",il. 13 300 5 000 3 700 

0 Teo.ile TenaUe Tena1le 20 900 I! 300 6000 
a T"",,11e Tensile Tend1e 16500 6600 5000 

+0.50 TensUe Tensl1. Tensile 30 sao 11 000 a 400 
+0.75 - Tensile Tensile - 23 700 12 000 
-1.00 TensUe Tensile Talsile 10 SOO 4200 2200 

0 Shaar HeaM Tensile 7 BOO 5700 5000 
0 Shear Shear Shear 8400 6600 5500 
0 Sheer Ten.~11e Tensile 12 700 6S00 5000 

0 !'eMile Tensile Tensile ;!() 000 9000 680C 
-1.00 Tensile T"",11e Tensile 9 100 6 400 5 SCO 

0 Tonsile Ter..5ile Tensile IS 000 7 100 4 900 
0 Tensile Tenaile Tensile 13 900 ~7oo 4400 

-1.00 Tensile Ter\sile Tenaile 7 100 4500 S 000 
0 Shear She..,. Shear 6 900 4 700 3 700 

0 Teo.Ue Tensile T=11e 22 SOC 12 700 9700 

0 Tensi Ie Tenaile TensUe 13 700 670C 5400 
0 Tensile Tensile Tonsile 10400 5900 4 100 

0 Tensile T"""lle Tensile 10700 5000 4 200 
0 Te:lSile T .... ile Tensile 12 700 6200 3200 

0 T ..... ile Tensil. Tensile 13500 6700 5 700 
0 TensUe Tensile Tensile 14 700 6400 4 100 

0 Tenaila Tandle Tensile 19 600 10 200 6 aco 
0 Ten&1l.e Tensile Tensile 14200 B sOO G 000 

0 Shear Tensile Tenoila 10 000 e 100 4 BOO 

0 Tensile Tens1.le Tenaila 21 200 12 700 10200 
7500 Tens~ Tensile Teneil. 18 000 9800 0 

6400 4 eoo 0 Teneile Tensile Te08il. IS 4.00 

J:orrespoDding Shear Stre •• , 
oai 

lD" 2xlOH 10 
C;,cl.s Cycles Cycles 

2~ 400 14 000 11 roo 
22 200 II 000 7000 
27 :lOO 16 aco 14 300 
14600 10 900 7 000 
50 SOO 2B 000 16100 
22700 18 200 15400 

22 SOC 12 100 B 100 
18900 B BOO 7100 
27 900 16700 11 400 

17700 9400 5 300 
18 SOC 6900 5500 
22 700 10100 7600 - 19200 12 300 
12 000 5 SOO S 300 

19 BOO 8900 5 aco 
14 900 5 000 4500 
27 500 9900 7600 
- 21300 10 BOO 
9300 3900 2000 

24 200 17 aco 15500 
25 900 20 400 17 oro 
39200 19 sec 15500 

20 400 9200 6900 
9 SL'Q 6500 5600 

IS 100 6600 4 700 
12 sao 6000 4000 
6400 4000 2700 

21400 14400 11 300 

20 200 II 400 97CO 

24500 U 000 9700 
18 900 10 60Il 7 300 

17200 8100 6000 
19400 9500 4900 

16 SOl/. 8100 6900 
16900 7400 4700 

14 100 7300 4900 
16900 9900 7 100 
2S 300 13400 10 SOD 

10200 6100 4900 
14 700 7700 5900 
19 700 9400 6 BOO 

w-55 

CorrO"pond1n& Bearing Stre •• , 
psi 

1~ 2xlOo 107 
Cycles C;ycles Cycles 

47 100 2B 200 22 aco 
45700 22 700 15 000 
33500 20 700 17 200 
18 -100 13 BOO B 600 
61 BOO M 500 19 BOO 
27600 2? 400 19 000 

45300 24500 16 SOO 
sa 900 IS SOO 14 700 
45 000 26900 IB 500 

S5 600 18 aco 10 seo 
sa 100 14 ~OO 11400 
46 ace 20 800 IS 600 

- 39 600 25 SOC 
24 aco 11 000 6 aco 

39 BOO 18 000 11 000 
so 700 12 300 9300 
56800 20 500 IS 000 - 44 100 22306 
19 100 7800 4100 

29 600 21600 19000 
31800 25500 20 900 
48200 2S 900 19000 

40 OCC 18 000 1360C 
1921"0 12 800 1100C 

26200 13 ?flO 9500 
25 roo 12 500 8200 
13200 B400 5600 
?62OO 17900 14 COO 

41000 23 sec 18 100 

30 20C 14 OC'C 11900 
22 900 13 000 9000 

34 700 16200 IS 000 
40 ;JOe 19 sao 10100 

32 BOO 16 SOC 1~ BCO 
34 700 IS 100 9700 

28 40C 14 BOO 9900 
27 SOC IE 000 11500 
2B 600 IS 500 13 000 

2C 600 12 ~oo 9900 
23 BOO 12 SOC 9000 
24 100 11500 e 500 

z 
~ 
>-
~ 
;;tl 

z 
o 

e. ... 
'" 

... 
01 
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Butt o!2!n~11 

I Q-l 175-T 17S-T 5/8 Com-point 
Q-2 175-T 17S-T pin 2-1/2 Flat 
Q-2 178-T 17S-T pin 1-1/2 Flet 
Q-2 17S-T 175-T pin 1 Flat 

U 17S-T 17S-T 5/8 Button head 

tJ-l 17S-T 178-T 5/8 Cone-point 
tJ-l 178-T 178-T 1/2 Cone-point 
U-1 17S-1 17S-1 ~/8 Cone-point 

tJ-2 17S-T 17S-T pm 1-1/4 Flat 

II 17S-T 178-T 5/8 Cone-point 
l! 178-T 175-T 

%8 
Button bead 

~ 17S-T 17S-T 5 8 Button head 
II" 17S-T 17S-T 5/8 Button head 

II 17S-T Steel 5/8 Button head 
Y 17S-T St.el 5/8 Button head 
II 17S-T Steel 5/8 Button hoad 

II 17S-T 17S-T 1/2 Cone-point 
II 17S-T 17S-T 3/8 Cone-point 

\I I 17S-T (5/8-in.dla.178-T bolt.) 

1/ 1 535-T 53S--l1 5/8 Cone-point 
~ 5115-T 5~11 5/8 Button head 
II I 5115-T 535-11 5/8 Button head 
II 535-T 5~" 3/8 Cone-point 

11-1 17S-T 178-T 5/8 Cone-point 

(JY 175-T 175-T 5/8 Cone-point 

T 17S-T 175-T 3/8 Cone-point 
T 5~T 535-11 ~/8 Coh ..... point 

LIl1 175-T 17S-T 5/8 Cone-point 
L-1 J7S-T 17S-T 1/2 Con~point 

L-l 175-T 175-T ~/8 Cone-point 

LL 178-T 178-T 5/8 (;ona-po1nt 
LL 178-T 175-T 5/8 Button hMd 
LL 17S-T 178-T 5/8 Blit.ton hood 

llS-T Sto.1 5/8 Button head LL 
LL 178-T Steel 5/8 Button heed 

J-1 175-T 175-T 1/4 CoDe-point 

1/2 CODe-point W-l 178-T 175-T 
'11-1 178-T 178-T Sl8 CoDot-point 

* TensUe st.ressj load dirlded by Dn area. 
, Rivet bead" broke ott. 

Cold 
Cold 
Cold 
Cold 

Hot 

Cold 
Cold 
Cold 

Cold 

Cold 
Hot 
Hot 
Hot 

Hot 
Hot 
Hot 

Cold 
Cold 

Cold 
Hot 
Hot 
Cold 

Cold 

Cold 

Cold 
Cold 

Cold 
Cold 
Cold 

Cold 
Hot 
Hot 
Hot 
Hot 

Cold 

Cold 
Cold 

TABU I (cont'd) 

SlII!1oW!Y OF RBSULTS OF FATlGUS TESTS OF RIVETED JOINTS 

0 Sbear Sl-ear Tensile 6 ~OO "5000 0 Te"..ile TersJle TensUe 16400 9400 
0 Temile TeosJ..le T.mile 13600 9400 
0 T.na11. TerJ11e To0011. 11500 8500 

0 Shsar Tensile Tensil. U 600 8400 

0 Tensil. Tensi l e T.nsi1e 15 ~ 11400 
0 Sl-ear 1'ensl"L8 Tslsil. 11 400 8600 
0 Shear Tensile Tonan. 6 SJO 4 600 

0 T.nsi1. Tonsn. Tensi1. 29 81 0 )q 100 

0 Tonsi1e Tensi1. TellOi1. 2S 600 14300 
0 Tenon. Tensn. Tenoile 28600 16500 

-+0.50 Tenoile Toneil. T.nei1e 41 BOO 277400 
-1.00 Tensile Tensile Tensile 20400 11 900 

0 Tensile Ten5ile Tenail. U 800 5 BOO 
+0.50 Tenone Tensil. T.nIll1. 24400 U 000 
-1.00 Tenail. T.noile Tensile 12300 4600 

0 Teran. Tensile Temile 25300 15700 
0 Sm&r Shear Sl-ear 14200 9700 

0 Tensne Tensile T.nsi1. SO 700 21400 

0 Tenoil. To""ila Tenoil. 21000 11 400 
0 Temil. Tonsile Tenoile 22 BOO 15700 

-1.00 Tenoil. Tensile Tensile 16~ 4000 
0 Shear Shear - 12 000 6 900 

0 - Teneile - - 16000 

0 Tenei1e Tensila Te .. i1e U200 7000 

0 Temile Tensile Tenaile 22600 U 700 
0 Tel1l1lo T.na:I.1. Tensil. 17400 9200 

0 "'0.11. Tensil. ,..0011. :0.000 17800 
0 "'l"IIi1o Tensil. Tensile 27400 16400 
0 "'no1l.e T.l1Iila Tel1lile 25 GOO 9800 

0 tel1l1l.e 1mail. Te_l. 25400 10 GOO 
0 - Tenei10 Taao11e - U SOC 

+O.SO - Tslo11o Tensile - 18800 
0 Tena1l.e "'llII1l.e ,..,.,.i1o U 600 6 500. 

+0.50 "'o.1l.e "'",ile - 20 GOO 11 000 

0 'fenall. TenaU. Tensile 22 700 9 SOO 

0 Tensile Tanail. Teneile 27 000 14200 
0 Tenaile Tensile Tenei1e 17700 9 200 

4200 16 BOO USOO 11 200 
8600 2 100. 1200 1100 
8600 5900 4000 3700 
7~ 12 000 8800 7600 

6300 15500 9 600 7200 

9400 1!l 500 13 BOO 11 400 
7200 22 100 16700 14 000 
4000 2~ 900 16 100 14000 

U SOO 7800 4700 3500 

10700 1% BOO 6900 5 100 
12 ~ 12 900 7400 5500 
15400 18 700 12 500 6900 
10600 9200 5400 4 BOO 

4 ~oo 6200 2500 1900 
9700 11 000 5600 4400 
3 BOO 5500 2100 1 BOO 

12300 20 500 12 700 10000 
7800 22 000 15100 12 000 

U 000 15700 10 900 6600 

8500 10100 5500 4100 
9600 10 roo 7100 4400 
7000 7 500 4100 3100 
6 700 18 600 10700 10 900 

- - 7700 -
5400 12 700 e 700 5200 

10 500 20 500 12300 9500 
4600 15700 8500 4100 

11~ 7400 4300 2700 
10 600 11200 6700 4 ~OO 

7 SOO 18 200 7500 5600 

5400 11200 5100 2 GOO 
10200 - 6000 4600 
15 700 - 8500 T 100 
5700 G 1.00 2 BOO 1700 - 9 SOC 5000 -
6100 12500 5200 5500 

10 200 7 500 5 BOO 2 BOO 
7600 9200 4 BOO 4000 

VJ-55 

67500 53 600" 
32 BOO 18800 
54 400 ~7 600 
74 BCO 55 ~oo 

64 200 39 700 

74 500 55 500 
71400 54000 
586CO 39 BOO 

59600 36 200 

51 300 27600 
53200 30700 
77 300 51000 
37900 22200 

25 600 10400 
45 300 24 2QO 
22 BCO 8 600 

66 600 41400 
53 BOO 36 BOO 

61400 42 BCO 

40600 22 000 
42400 29200 
30400 16700 
45 SOc. 26200 

- 30 900 

25500 U500 

49 700 ro 100 
~ 500 20 200 

29 BOO 17 100' 
36200 21600 
«800 18 BOO 

22400 10 200 
- 12400 
- 17500 

12 700 5 900 
19200 10 200 

20 700 8700 

" 2~ BOO 12 500 
22500 11700 

45 100 
17200 
34400 
47500 

29700 

45 BCO 
45200 
S4 500 

27000 

20600 
22900 
28700 
111700 

8000 
18 100 
6700 

32500 
29 SOC 

1

26000 

16400 
18100 
13000 
25400 

-
10400 

22700 
10100 

10800 
14000 
U900 

5200 
9 SOO 

14 SOC 
5400 -
5500 

8900 
9700 
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TABLE II 

SUMMARY OF RESULTS OF FATIGUE TESTS OF SOLID PLATE SPECIMENS 

Types OX, G and K, with or without Idle Rivets 
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Type of Plate Rivets Stress Tensile Stress at Failure, psi* 
Speoimen Material Ratio Mal:;erlal. 1J18J!lel:;er, lJr~v1.ng 

1.no Condition 

OX 17S-T - .. .. 
G 17S-T 17S .. T 5/8 Cold 
G 17S-T l7S-T 5/~ Hot 
G 17S-T Steel 5/~ Hot 
G 17S-T (21/32-in o diaodrilled open hole) 

G 53S-T 53S-W 5/8 Cold 
G 53S-T 53S-W 5/8 Hot 
G 53S-T 53S-W 3/8 Cold 
G 53S-T t21/32-inodi.odrilled open hOlej 
G 53S-T 21!32-inodia_aunched open hole 
G 53S-T 25/64-ino dia. rilled open hole 

K 17S-T 17S-T I 5/8 Cold 
K 17S-T 17S-T I 5/8 Hot 
K 17S-T Steel 5/8 Hot 

K 53S-T 53S-W 5/8 Hot 

* Tensile stress = load divided by net area. 
t Insufficient tests . 

105 
Cycles 

0 -
0 29 200 
0 .. 
0 21 300 
0 17 600 

0 21 500 
0 18 600 
0 21 700 
0 16 500 
0 14 300 
0 15 700 

0 37 600 
0 34 400 
0 18 500 

0 19 700 

2xl06 
Cycles 

32 400 

25 200 
22 200 
13 900 
9 900 

15 800 
14 500 
15 300 
10 700 
8 400 
9 700 

21 000 
23 400 
9 500 

13 000 

107 
Cycles 

31 400 

24 300 
19 000 
10 500 

9 800 

14 700 
13 600 
11 700 -

7 600 -
t 

9
t

OOO 

11 700 

i 

t-' 
-J 
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TABLE III 

COldPARISON OF THE STATIC AND FATIGUE STRENGTHS OF 
THE VARIOUS TYPES OF SPECIMENS TESTED 

Retio ~~mum ~tre5S - 0 lmum ress 

Plete Rivet Bolts or Pins StAt· c 
Materiel MeteTlel Hole J)rlV1Dg liomputed ~e Diameter, ~ondition StrengthJ 

in. Ib Failure 

17S-T - - - ?l 400 Tensile 

17S-T 17S-T 41/64 Cold 102. 900 Tensile 
17S-T 17S-T 21132 Hot IID3 700 Tensile 
17S-T Steel 21/32 llot 102 700 Tensile 
17S-T (21/32-in.di~.drilled open hole) 102 700 Tensile 

53S-T I 53S-VI I 41/6.4 I Cold 66 800 Tensile 
53S-T 53S-W 21/32 Hot 66 700 Tensile 
53S-T 53S-W 25/64 Cold 69300 Tensile 
53S-T ~21/32-in.dia.drilled open hOlel 66 700 Tensile 
53S-T 21/32-in.dia. unched open hole 66 700 Tensile 
53S-T 25/64-in.dia.8rilled open hole 69 300 Tensile 

17S-T 17S-T 41/64 Cold 74 200 Tensile 
17S-T 17S-T 21/32 Hot 73 200 Tensile 
17S-T Steel 21/32 Hot 73 200 Tensile 
53S-T 53S-W 21/32 Hot 47 600 Tensile 

17S-T 17S-T 41/64 Cold 22 600 Shear 
17S-T 17S-T 21/32 Hot 23000 Shear 
17S-T 17S-T 25/64 Cold 8 400 Shear 
17S-T S~el 25/64 Cold 10 800 Shear 
53S-T 5 6W 25/64 Cold 6 000 Shear 

17S-T l7S-T 41/64 Cold 33 800 Shear 
17S-T 17S-T 21/32 Hot 34 500 Shear 
17S-T 17S-T 33/64 Cold 21 900 Shear 

17S-T 17S-T 41/64 Cold 46 400 Shear 
17S-T 17S-T 21/32 Hot 46 000 Shear 
17S-T Steel 41/64 Cold 58 200 Shear 
17S-T Steel 21/32 Hot 60 800 Shear 
17S-T 17S-T 25/64 Cold 16 800 Shear 
17S-T Stee~ 25/64 Cold 21 600 Shear 
l?S-T 17S-T 5/8 - 44 200 Shear 

53S-T 53S-W 41/64 Cold 32 200 Shear 
53S-T 53S-1'/ 21/32 Hot 24400 Shear 
53S-T 53S-W 25/64 Cold 12 000 Shear 

17S-T 17S-T 21/32 Hot 46 000 Shear 

17S-T 17S-T 25/64 Cold 25 200 Shear 
53S-T 53S-W 25/64 Cold 18 000 Shear 

l?S-T 17S-T 41/64 Cold 32 800 Shear 
17S-T 17S-T 21/32 Hot 34 500 Shear 

17S-T 17S-T 41/64 Cold 43 800 Shear 
17S-T 17S-T 21/32 Hot 46 000 Shear 

17S-T 17S-T 41/64 Cold 67 800 Shear 
17S-T 17S-T 33/64 Cold 43 800 Shear 
17S-T 17S-T 25/64 Cold 25 200 Shear 

17S-T l?S-T 41/64 Cold 83 700 Tensile 
17S-T l?S-T 33/64 Cold 65800 Shear 
17S-T 17S-T 25/64 Cold 37 800 Shear 

-

FA!:; ",p 

Istrb~8g ~e Ratio 
at 2 0 ~ Cycles, Failure 

Ib 

40 500 Tensile 0.57 

43' 200 Tensile 0.42 
38 000 Tensile 0.37 
23 800 Tensile 0.23 
17 100 Tensile 0.17 

27 100 Tensile 0.41 
24 800 Tensile 0.37 
27 200 Tensile 0.39 
18 300 Tensile 0.27 
14 300 Tensile 0.21 
17 300 Tensile 0.25 

25 900 Tensile 0.35 
28 500 Tensile 0.39 
11 600 Tensile 0.16 
15 900 Tensile 0.33 

9 000 Tensile 0.40 
7 400 Tensile 0.32 
4 000 Shear 0.48 
6 708 Tensile 0.62 
440 Shear 0.73 

11 700 Teneile 0.34 
9000 Tensile 0.26 

10 400 Tensile 0.'7 

12 100 Tensile 0.26 
9 400 Tensile 0.20 

11 500 Tr.llsile 0.20 
8000 Tensile O.l~ 
8 500 Rivet HaetiS Q. 51 
9400 Tensile 0.4-4 

11 300 Tensile 0.26 

8 800 Tensile 0.27 
6 200 Teneile 0.34 
7 000 Shear 0.58 

15 500 Tensile 0.34 

8 600 TeMile 0.34 
7600 Tensile 0.42 

7800 Tensile 0.24 
9 GOO Tensile G.28 

10 400 Tensile 0.24 
9 900 Tensile 0.22 

14 200 Tensile 0.21 
12 400 Tensile 0.28 
9 700 Tensile 0.38 

17 700 Tensile 0.21 
14 GOO Tensile 0.22 
10 100 Tensile 0.2? 

• Based upon values for .nearing, bearing, and tensile strengtts as included in Structural Handbook 
(1940 edition) . 
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TABLE III (cont'd) 

COMPARISON OF THE STATIC AND FATIGUE STRENGTHS OF 
THE VARIOUS TYPL<; OF SPECIMENS TESTED 

Ratio ~~mum ~tress - 0 lmum ress 

Plate Rivpt., Bolts or Pins Stat.·" 
Material Materlal ,l'lo1e .IJrlvlng t,;omputed _~e Diameter, ~ondition Strengthf 

in. Ib Failure 

17&·T 17S-T 41/64 Cold 16 800 Bearing 

175-T 17S-T an 2-1/2 Cold 67 500 Bearing 
17S-T 17S-T Pin 1-1/2 Cold 40 500 Bearing 
17S-T 17S-T Pin 1 Cold 26 200 Bearing 

17.s-T 175-T 21/32 Rot 33 400 Bearing 

17S-T 17S-T 41/64 Cold 33 600 Bearing 
17S-T 17S-T 33/64 Cold 27 100 Bearing 
17S-T 17S-T 25/64 Cold 16 800 Shear 

17S-T 17S-T Rna 1-1/4 Cold 64 100 Bearing 

17S-T 17S-T 41/64 Cold 67 200 Bearing 
17S-T 17S-T 21/32 Hot 66 800 Bearing 
17S-T Steel 21/32 Rot 70 700 Bearing 
17S-T 17S-T 33/64 Cold 54 200 Bearing 
17S-T 17S-T 25/64' Cold 33 600 Shear 
175-T 175-T Bol.iB 5/8 67 500 Bearing 

.'i35-.T 53S-W 41/S4 eoid 46 200 Bellrlng 
53S-T 53S-W 21/32 Hot 35 400 Bearing 
53S-T 53S-W 25/64 Cold 23 000 Shear 

175-T 175-T 41/64 Cold 67 200 Bearing 

17S-T 17S-T 41/64 Cold 46 400 Shear 

17S-T 17S-T 25/64 Cold 50 400 Shear 
53S-T 535-W 25/64 Cold 36 000 Shear 

17S-T 175-T 41/64 Cold 74 100 Tensile 
175-T 1.7S&T 33/64 Cold 81 600 Tensile 
17S-T 17S-T 25/64 Cold 67 200 Shear 

17S-T 17S-T 41/64 Cold 148 300 Tensile 
IVS-T 17S-T 21/32 Rot 146 400 Tensile 
17S-T Steel 21/32 Hot 146 400 Tensile 

17S-T 17S-T 17/64 Cold ?2 600 Tensile 

33/64 17S-T 17S-T Cold 81 600 Tensile 
17S-T 17S-T 25/64 Cold 89 200 Tensile 

Fati ,ue 

Mr~~g ~e at 2 0 
Cycles, Failure 

Ib 

8 600 Shear 

11 800 Tensile 
14 100 Tensile 
13 800 Tensile 

13000 Tensile 

17 700 Tensile 
13900 Tensile 

7 700 Tensile 

22 600 Tensile 

17 600 Tensile 
20 100 Tensile 
6 800 Tensile 

21 400 Tensile 
14 400 Shear 
26 800 Tensile 

14' 100 Tensile 
19 200 Tensile 
12 800 Shear 

19 800 Tensile 

8 600 Tensile 

17 700 Tensile 
11 900 Tensile 

22 000 Tensile 
22 300 Tensile 
14 500 Tensile 

26 200 Tensile 
32 400 Tensile 
15 400 Tensile 

11 500 Tensile 

19 300 Tensile 
13 700 Tensile 

• Based upon values for shearing, bearing, ~nd teneile etrengtoB a. included in Structural Handbook 
(1940 edition). 
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Ratio 

~ .. 

0.51 

0,17 
0.35 
0.53 

0.39 

0.53 
0.51 
0.46 

0.35 

0.26 
0.30 
0.10 
0.39 
0.43 
0.40 

0.30 
0.54 
0.5~ 

0.30 

0.19 

0.3:5 
0.83 

0.27 
0.29 
0.22 

0.18 
0.22 
0.11 

0.16 

0.24 
0.15 
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TABLE IV 

SfRESS COHCI!IITRATIOII FACTORS FOR 17S-T BUTT JOmS COIIT.lIlIlJIG 17S-T RIVETS, PINS OR OOLTS 

T;ype of Ri ... t. Bolte or Pins Pro rtiona of Joint. FatiK\l. strength of Jointl, pei stress Concent ratl.un Pact.ore 
SpeciJMn Diamet.r, IIu.o>ber Dr1Ting Hole Width Ratio - (A .......... stress <Xl .~ Areal From Fatigue StrengtlUll Fro", l/&\be_Ucal ~sia and 

in. Eacb Side Condition Diaaater, Per Hole, Diameter 105 2url' W7 Pboioelastic lIeaauremante* 
"'"iIirut of Joint in. in. C;rcle. C7cle• C7Ol e. 105 2.xl.01I W 7 loSlll 2.xl.06iII 

C;rcla. C7Ole• C7Ol ... C;rclea C7clel 
(1) (2) (~) (4) (5) (6) (7) (B) (9) (10) (ll) (12) (U) (14) (15) 

G (Solid specimen with open bole) ~2 7-1./2 0.09 17600 9900 9800 2.8 ~.6 ~.l 2.0 2.5 

Q-1 5/8 riv", 1 Cold 41/64 7-1./2 0.09 8~00 5000 4200 7.7 7.4 7.1 5.9 9.0 
Q-2 2-1./2 pin 1 Cold 2-1./2 7-1/2 O.~ 18400 9 400 8 000 2.9 3.g 3.8 2..7 3.7 

U S/8 riv", 2. Hot 21./32 'fr.3/4 0.17 - 8400 6 300 - 4.' 4.8 - 4.9 
U-l 5/8 rivet 2 Cold 41/64 3-3/' 0.17 15 ~oo II 400 9 400 3.2 3.2 3.2 3.5 5.0 
0-1 1/2 rivet 2. Cold ~5/64 3-3/. 0.14 - 8600 7 200 - 4.3 4.2 - 5.6 
U-1 3/8 rivet 2 Cold 25/64 ~-3/4 O.ll - 4600 4000 - 8.0 7.5 - 6.8 
0-2 1-1/4 pin 2 Cold 1-1./4 5-5/4 O.~ 2.9800 18 100 1.3 SOO 1.6 2..0 2.2 2.1 2.7 

II 5/8 rivet • Cold 41/64 1-7/8 O.M 26 600 14 300 10 700 1.8 2.5 2.8 2..0 2..6 
II 5/8 rivet 4 Hot 21/32 1-7/8 0.35 28 600 16500 12300 1.7 2..2 2.4 2.0 2 . S 
II 1/2. rivet 4 Cold 5%64 1-7/8 0.28 2.5300 1S 700 12 300 1.g 2.3 2 •• 2.4 3.2. 
II S/8 bolte 4 - 58 1-7/8 0.53 30700 2.l 400 13 000 1.6 1.7 2.3 2.1 2.7 

T 3/8 riT8ta 8 Cold 25/64 1-1/4 0.51 22 600 13 700 10 300 2.1 2.7 2.9 2.1 2..8 
- - - - -

I Thes •• tres s concsntration tactors were determined b7 co",,"ring tbe fatigue strength of the speciJeana to the following fatigue strengths ot the plate ... terial 
(fig. l.): ~8 400, 36 800 and 30 000 pai for 100 000, 2 000 000 and 10 000 000 c7clas of .tres., respectively. 

lO7 
Cyele. 

(16) 

2.7 

9.7 
4.0 

5.3 
S •• 
6.0 
7.4 
2.9 

2.8 
2.7 
5.4 
2.9 

3.0 

* The tacto r for the t7Jl8 C s""ciJean we. determined from formula. in reference 17; aU other yaluu were deterained from photoelaotic teets "eecribed in ref.renco 15. 
Factor" for .pecimlln. with two or more riYet. wer. dstenained b7 tald.ng BO I'er cent ot tbe corresponding value for a single rivet, a procedure suggested in 
reterence 15 tor the cue of two riTats. 

H The tactors in the.e two co1umS are adjusted for plaetic action in accordance with an empirical ... thad .uggested in reference 16. No adjuetmont ."" neees.a17 for 
the taetor. at 107 C701 .. beeau •• aU stres •• s are within the elastic rang •• 
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i'isure 1.- Direc't~e;tres. f~tiglle C'Jrve tor 175-1' rolled rectangulaT bar (1" 1{ 7.5"). 
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Figure 2.- Single plate and lap joint fatigue test specimens. 
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Figure 4.- Riveted joint fatigue testing machines. 

----.-

z 
»­o 
;p 

~ 
::u 
z 
o 

,p­
H 
I-' 
(}l 

"rJ ..... 
oq . 
,p. 



NACA ARR No. 4I15 Fig. 5 
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Figure 7.- Fracture of type S specimen showing failure in plate at 
edge of rivet beads. 
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Figure 8.- Fracture of type S specimen. Rivet heads pried off during test. 
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Figure 9.- Typical fracture of type M specimen with failure in cover plate. 
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Figure 10.- Direct-dtress fatigue curves for riveted joints. Type H, l7S-T plate, and l78-T rivets . 
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1lgur'e 11.- D1rect-str ... fatigue curve of rlveted jolnt.. Type T, 176-T ll1ate, and 178-T rivets. 
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figure 12.- Direct-stress fatigue curve of riveted jointe. Type J-1, 175-T plate, and 175-T rivets. 
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