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I. IN'rn.ODUCTION 

This thesic µresents the r-,sults cf t>n inventi gr- Uon of ml':rgint-1 

stre8se5 in~ flet plete. Th9 stresses consist of tension, compression ~nd 

she r, r. V~lues of the $tre&ees are prim~rily functions~ the applied loPde 

end mf!rgin widths. Minor fActcrs effecting them are clerrence between the 

lo~din~ plete and hole surface , r~tic cf plt?te thickness to hole dbmeter 

Pnd the amount of friction bet~een surfnces of the pin Fnd hole . The minor 

f,-.ctors were not vpried for this work rnd the results Pre presented in terms 

of P/1. Pnd 8 /d. lpt is the ftpplied load, 1 A1 is the erea of the hole , 1 1'1 1 

is the width of the mergin and 1d 1 is the dipmeter of the hole. 

Since the model Wf'S mPd e of bPkelite, there will be some error in trans-

posing the results to a prototype of a different mr-terlFl . The error is 

due to the feet thr t the mr-teri11ls do net hs.ve the ssme vdues for Poisson's 
* r!tio And modulus of elAsticity. However, Frocht(ll) p.,roved tb12t the error 

is negligible for All prBcticel purposes . 

Photoelastic methods were used to eveluPte the stresses. 

*The modulus of elasticity affects the results only when the plate and 
pin are made of different materials. 



II. REVIEW OF LITF.RATURE 

Al though problems s1.miler r-nd r~l-t~,d to the one presented herein 

C()Uld be found :in publicPtions, no drtn 1Jhich sho•.ied m~rgintl stresses in 

e flet plrt~ es A function of e;a could be loc,t"d• 

Frod:t(l) ~rn•lyzed the stresses 11round e hcle in the hef'd of P flpt 

b~r wl ich WFs lo,,ded in a mPnner sim.ilr:r to the method used in this investi-

g,·, tion. Horn,v.~r, jn his problem the stresses were dependent on the jimen-

sfon of the btir perpend~cuhr to the line of the loP.1d r f' th~r tbrn the 1-ddth 

cf the IMrgin in the d1 rec ti on of the lo~d. 

Bickley(2) l'nd Knight (3) 1nvest1 geted tl-ie stresses Pround intern~lly 

loPdt"d holes in flrt plFtM, but neither gFve the eff~t of the lllE'rgin 

width. Coker(4) !'llso IMde ,, study of str,,.,sses near hol~s in flet plr,tee 

Lut confined his results to ph,..ses of the stress d1.stribution other th,m its 

v1>rir:t1on vith -width cf mt>rgin. 

Seely(5) suggested P meens of design by saying "experience hee shown 

th "t if the -width of mrrgin is 11/2 to 2 times the di1>meter of the rivet, 

the joint will not fPil in tl1e mrrgin." Bn1hn ( 6), Younger( 7 ) end Mr,rks ( S) 

l'lleo gt1ve the minimum e /d r,:,tio Fts 11 /2 but none presented (lny d,-u to sub-

strnt:1Pte M.s ~tetements or grive eny indic~ticn rs to the stress distribu-

tion in fl rn,,rgin. 

Coker(4) showed rt"!sults of rn inve~ti g~tion of stresses with Vt'!rying 

plPte thickness to hole dif!m~ter ratio. They sho~ed th~t the rrtio must 

be relPtively high to prevent buckling of the pl, ,te. 

By ref~rence to Frocht(9) it cr--n be noted th.-t the stressf'!s i>ro\Jnd a 

hole in f! pl,ite lorded by e pin with 0.0C2'' clfl'rs r,:,nce ( srme rs used in this 

experiment) 'Will be about 15% higher tht'!n those with no clePr~nce. He ,-lso 
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s}, owed, in the f' Pme reference(9), t bPt t be stresses continued to increPse 

with cl~Pr,,, nce, Pl though not ~s r ,=pi dly, t.1nd thPt e v~ry slight d ecre pse 

is cPused in the s tress~s by lubricr ting t he hole to decrePse friction. 
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1 II • RIDUL TS 

Curves in Fif;Ures 1 , 2 11nd J s how the results of t he i nves ti g , t :on. 

Curves in Fig . 1 show the v ie riF.>tion of the maximum sheer stress thet 

occurs in the pl ,, te mo<lel for vari ous Fl /d retios . The s tress concentrBtion 

fac tor ( ordin~te) is the r~tio of the maximum 3hesr s tres s in t he pl r te to 

p /A. The maximum sheer stress wr- s det ermined by mul tiplyj_ng the meximum-

frlnge order by t he fringe constrnt in pounds per square inch, sh~Pr. 

Cur:ves in Fig . 2 give the VPri Pt1 on of the nirudmwn tensile- s tress in 

t he.plete with the 8 /d rAtio. Ags in the SCF 1s besed on p/A. The v~lue 
if of mexinrum tensile s tress ve.s obt rj_ ned by. us,~ of Mesnrger 1 s t heorem. 

(See di~cuss ion of results). 

Curves in Flg. 3 give the v,ori e: tion of the mPximum. compressive stress 

in the model wi t h 8/d. The SCF i s besed on p /t.... The point of maxi mum 
i< compressive stress vr s obt1>ined by use of s Ui~orerr,. end its vt> l ue 

v~s found by grrphic~l int~grPtion using Lem~-M~xwell(lO) e~u~tions . 

No curves t1re shown for l or.d nngles of ¢ • 0 depr ees , 270 degrees 

Prid 315 d~grees since the MP rginEtl stresses Pre not critic Pl for tr:ose 

conditions. 

*See "Photoeh s t:icity", Vol. I, by Y. ~ . Frocht, p . 215 , John Wiley & Sons, 
Inc:, N. Y •• 1941. 
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45° 
225° 

900 
180° 

135° 

Table I 

Tabulated values stress of concentration factors for different v~lues 

of load angle¢ and e/d. 

a/d•l.50 a/d=l.453 a/d=l.25 a/d•l.09 e./d-0.9'75 

P=261# d=0.500" P=261# d-0.514" P=261# d=O. 562" P=261# d=0.625" P=261# d=0.672" 

P/A=l310 F=165 P/A=l250 F•l72 P/A•l060 F=l72.~ P/A•850 F::172.5 P/A=738 F=l72.5 

SCF SCF SCF SCF SCF SCF I SCF I SCF I SCF I SCF S.CF SCF I SCF SCF SCF 
(S) (T) (C) (S) (T) (C) (S) I I (s) (T) (S) (T) (C) - (_~~ - l _J~L. I . (C) 

-• ·A---••••-- -- - . - .. - - - ·- . 

I 
1.35 1.60 2.10 1.38 1.68 2.19 1.78 1.9'7 2.58 2.23 2.44 3.20 2.56 2.83 J.72 

- - -
I 

1.26 2.10 2.96 ;1.32 ! 2.21 3.10 1.62 2.60 3.76 2.03 '.3.23 4.54 2.34 ~-74 5.25 
' ·-- ··-~ t -·-·- :--- ·--·- . -· • •· ---· .. --- ----••-• ·~-- -----~---,----.... ~- . -- .. -·-;. -- .... , .. - ... -•-· .. -·•---- -----··- •-- -~--- . 

l : I 
1.15 1.85 2.26 !1.18 i 1.94 2.49 1.29 2.28 2.79 !1.62 2.84 3.47 1.87 3.28 4.10 

i ; i I 

-

---- --· 
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IV. EXPFllnt.ENTAL INVESTIGATION 

A. Ob ject of Invl"ls t igr-tion 

The object of this inv~s ti p.rUon is t0 d~t e rnine the m"'V1i tude of the 

she-Pr, compr~ssj ve r, nd trms1.l e stresses rround hole nenr t he bounrin-y in 

e fla t pl!"te es e function of 8 / d. 

B. Procedure 

1 . Construction of model: 

The moo el \.l~ s cut from e sheet of bPk1'11 i te (FlT - 61-893) Pnd supportfl"-d 

in A me t al fn,me l'ls shown in Fig. 4. The rnf'lthod of support \.IPS chos t1n to 

Fpprcxil'!lF t e PC\Ul'! l c ondi tiorn: under whic h a qu,-,rtnr infinite phte is 

epproti ched. HPnd reAming WP.S used t o obtPin t 11e finf!l des ired dim!!'!:nsions of 

the hole , end the sides were sheped by s ide milling using imrnrd cutting . 

All drilling WPS pe rformed und"'r \olA t e r to e limin,, t e s tressf!S due t o heE1ting . 

Ve rlous F' / 11 r ,, tios wer e obtained by 1ncre~sing the diArnet er of the hole . 

A phte wi th ~ thickness eqm1l to 0.286" -Wf-lS used for 8/d • 1 .5. For 

Rll other r~tios, t c 0 . 272" . 

2. _ Construction of loeding d evice: 

Te obtPin.., cle~r picture of the stress pattern nee r the bound~ry of 

the hole , e bakelite he r ring was m~de ~s shown in Fig. 5 and cut t o given 

clee rence of 0.002 11 • The pin to trensmit the loed to the Leering wes mede 

on P lr.the from SAE 1090 steel . Since it 'WPS desired to get the stress 

P"ttern for th1' ful l 360 degre l"f. of the ,hc-h !, t wo m,,.ens for loading the pin 

were devised s o that one sr,owed the erea obocured by the other. (Refer to 

Fig. 5). 
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Hcl~s \./ere d rHled in t he metr:l frame supporting t he mcdel so thF- t :I t 

could be placed in the loeding mPchine P-t ,:,ny desired ~n~le. {The method 

of support f or¢• 45 degrees (225 degrees) is shown in Fig. 6). 

J . LOP.ding: 

Lo8ds were applied cin the 8pecimen by means of P lever system , sho,m 

s chematictilly .in Fig . 6. The direction of the npplied lo,-d is denoted by 

the r, ngle ¢, mePsured counterclockwise rs shown in Fig. 7 . It cP.n be noted 

th~t the load fer¢ c 45 degrees ~ives the sane result es for¢ • 225 19-

grees , Pni thrt the srme thing is true for¢• 90 degrees end¢ cl?~ de-

grees . 

4. Isochrom~tics: 

For each Pngl e of t he ~pplied loP.d the isochrom.-~tics v"re obtr-ined by 

using the mercury Pre lr.mp wi t h ,. 5461 filter. A permenent record WP-5 

W!de for the pPtt.ern by tf'lking e picture for epch lo~ t> ngle. 0rtho X 

film, size 5" X '7 11 , wes used in e b ox caml"r,a. with P n exposure time of 25 

seconds . The plRtes -were developed immediately ~ft e r exposure. 

5. I soclinics : 

Wr,ite light with nc f ilter v~s used to obtein the isocl1nics. The 

picture was focused on P sheet cf vellum plpced on a lArge glass pla te, 

and the lines of constr•nt princ ipel stress directions were sketched on the 

vellum for peremeters of 0 degrees to 90 degrees in in~rements c-f 10 degrees . 

The pe.rAm"ters were m~t!sured c ount,..rclockwise frcm the v~rticPl. The iso-

clinic p~ttern "1es tr.en dre wn to scflle en e smt lle r s hee t. 
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Fig. 4-. 
Sketch showing how bakelite plate was supported between 

two metal angleso 
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Fig. 5. 
Sketch of bakelite bearing with loading pin,loading devices. 



- 13 -

~I------·----·--
0 0 ---l 

' '~--0 / 
(_ 

Pivot point _) 

Pan load J 
Fig. 6. 

Sketch shoving method of loading for ~•45(225) degreesQ 
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c. Check'On Results 

To .1ustify t he results obt d n~d, severPl checks -were m""I e to subst~nti-

ate t he Pccuracy af t he photoelr. s tic rr.e t hry, s used . 

1. Check on load ' P' by verticPl sh~Rr: 

For a check, the VPlue of the Applied load WPS comp~red to the sumn-~ -

tion of the vertical shee r on the sections A ' C' rnd AC (S~e Fig_. '7 ) es de-

t ermined from t he isochrometic And isoclinic pPtterns for t he lo~d ~ngl e 

of ¢ • 180 degrees . The distAnces A ' C 1 Pnd AC '.Jere divided in-to t Hrteen 

s t Ptions end the values of the fringe oroer e.nd the engle wy were determin-

ed for each stPtion. From t t is, the value of she,ir stress was computed . 

Table 2 gives the date in tabulsr form ond curves in Fig . 10 show the . 

desired integrels of ~xy versus Y for t he two sections. It is obvious thP t 

the sum of the shee r.on t hese two feces should equal t he velue of ' P'. 

The areas under the two curves 

multiplied by the sc!'ile factor 

33.42, squ l'l re inches. This area 
I'.) 

t he sh~Pr1 a.:.r:ce ·(ts: 0 . 286 , Y .. 1") 

gives t he vertic~l shePr equpl tc 638 pounds . The applied l oed v~s 623 

pounds. The error is 2. 1%. 

2 . Check on calcul8tions of princi pPl stresses by shear differenc e end 

gr ~phical integration methods : 

The principel stresses were determined ,;t point 1B 1 (Fig . '7 ) by the 

sheer diff~rence and gr aphice. l integr Pticn methods . In t hi s check,¢• 1eo 
degr ees . 

In t he shet-r diffl"' rence r.iethod, use is m,:ide of the equilibrium eqUBtion: 

dc,1 •[o("' xy);aJ• dy 

The 3 (~xy)fox wes det ermined for each stPtion along t he line OB. To 

obtain gre~ter accuracy, the varietion of~ ~i th 1x' wes detennined by xy 
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finding the vr.lues of 1"x:y for tvo vr.lues of 1x• with Y • constrnt Pnd gssum-

ing e perebolic veri~tion of 1" xy• The slope of the })8rebola et X - 0 gives 

the desired o (1" )/ox. xy This calcult->tion is shown in tabulPr form in Tt,ble 3. 

The curve 0 (1"-x:y)/a~ eg8inst AY, ss shO\lll in Fig. 11, gives the velue of Q 

(principel stress) • dy at point B. This is true since <Jy • 0 et point •0 1 • 

Q • area under curve times scsle f'ectQl'_ • 11. 65 x ZQ.QQ._x...J./6 -• 3880 p.s.1. 
? 

For finding the principal stres~ r.t point 1B1 by gn,phic~l integre-

tion, the Lt'im~ trPnsform.Ption equation, P • Po - S(P-Q)cot.~ dQ,• was 

used. The integr~tion WPS perforned along the stress trPjectories A'B end 

AB.** Po, the stress at A1 (or A) is given by the fringvorder P.t tht'lt 

point since it lies on the boundt'lr/ Flt " point th~t is not externr:lly lceded. 

The stetions were chosen for constant increment of6d • 10 degrees 0.1'745 

radians. For epch stotion, (P-Q) w~s given by the fringeorder ~nd i was 

measured by rotRting the stress tra jectory counterclockvise tc bring it 

on the isoclinic ~t that point. The necessary data for¢• 90 degrees and 

e./d • 1.25 Are presented in tebul,,r form in tebles 4 ~nd 5, rnd the re-

quired integrals ere sholJll graphicelly in Figur~s 12 EJnd lJ. 

For integr111tion rlone stress trA,jectories AB ~nd A 1B, Q Wt> B found to 

be 3520 p.s.i. ~nd 3240 p.s.1. respectively. 

Integration Plong t hree sepprpte lines gpve the velues of princip~l 

stress At point B of 3240 p.s.i., 3520 p.s.i. end 3880 p.s.1. These 

results show ,i veri Ption of ebout plus or minus 9% from the arithmeticme,in. 

*Lem~-Mexwell equrtion, see Photoelrsticity. Vol. I, by M. M. Frocht, PP• 54-
66 Fnd P• 28'7, John WHey & Sons, Inc., N. Y. 
~*Lines A 'B tind AB ~ctuelly devi1:1ta sli ghtly f rom the stress trrjectory due 
to the friction bet~een the surf Pees of tne pin Pnd hcle . The errcr i5 
slIIElll enough to be n~glected. See FrochtllOJ. 
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Fig. 7. 
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Sketch explaining notation used. 
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Fig. fl, 
Isoclinics for ¢ s:90° (180°) 



Fig. g. Stress trajectories for ¢ • 90° (100°) 
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Table 2. 

DAte for sheer stress calculations on sections A1C1 end AC ( See Fig./0.) • 

Section A I C~ Section AC 

st b I l 

!sine 20y $t I' P.,:9 I fring i 9y I 20 '(xy p~ •. order 2 y e.. ey 20Y' Sine !0,. 1' b 2 xv . . 

1-c' 00 I 

3.2 535 - - 0 l·C 2.8 467 - l - - 0 ·-I 2 -3.2 550 15 30° 0.5 275 1 J . 3 550 12 l 24 0.406 224 -
J 3.7 628 20 40 0.65 405 2 - 3.9 652 15 I 30 0.50 326 ---- ,_. __ ··----~ .. 

4 4.4 785 25 50 0.?66 600 3 4.7 ?85 19 l 38 0.616 482 I ·- -- ----~ 
5 5.0 835 28 56 o.s3 692 5 5.6 935 25 50 o. 644 600 
6 5.9 985 30 60 0.866 855 6 I 6.9 1150 29 58 0.743 852 -
? 6.9 1160 37 72 0.95 1100 7 8. 2 1330 30- 60 o.866 1190 -
8 8.1 1350 43 86 0.999 1348 I 8 9.9 1652 34 68 0.927 1530 I 

9 9.3 1550 47 94 0.9'9 1500 9 11.8 1970 38 76 o.m 1910 -- -·----·· - ------- -
10 10.5 1750 54 1008 0.95 1660 10 16 2670 51 102 0.98 2250 
11 11 1830 60 120 o.866 1580 -., 11 16 2670 60 120 o.866 2310 - ·----- ·-12 11 1830 65 130 00766 1400 12 16.3 2720 65 130 0.766 2080 
13 10 - - - 0 ; 0 I 13 - - - - - 0 i ' 
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Table 3 . 

. Date for rapid integration along trajectory OB. 

Sec~ion 1-1 Section 2-2 r---+-----,----...---....--------·~-----·-· ----r-----.-------ll....-----y---------

1 
b Sine 

20 
Y , 

l 

bF ! b bF 0 y Sine 
28 

1 

_o_-+-2_._1 __ 0 ____ 0_!_-_-+-l __ o_--'l....._2.0 - o o - i - - -
! ! ! ---· --

2.2 s6 0.1391300 1 52.s 12.1 362 85 0.174 63 I 106 32.5 1720 
t---+----+-----t'-----+----'--, -----'l1i----·- - •··-t-···- - - - - ------- · ·· - -- -- --······ .. !, .... ..... • ·-··- !· ···-··-- •-··-- · --···•-··· -----· 

I : . I I l 
2 2.4 85 o.174) 415 ! 7106 ' 2.3 1_ 39'7 83 0.250 98 I 143.2 49 2260 

j -- - r-·-••---•·-•- I ··- ·•·r-·- ---- •··•-•·•· · >---·· ·• •·•· - • ···- ·-·--·- -•- i-----+-- ·•--···-- ····--··· .. •••·· 

---~ - · 2.6 "--~~-- --~·~-~~t 4.~0-! 93.6 _ __ 2. 5 • 431 81 0.309 _ 134 I/ 187~2 __ 67 ~moo 
4 2.8 83 0.242 484 j 117 I 2.7 465 79 0.374 174 I! 234 87 3530 

._--i----------4---4-----1------ ____ ,, --·-· ~-~·-•··--•·'- --··•-··------ -·----·-···+-- -·-·----· ·-·--··· - -•·· ............. -
5 3.0 82 0.276 518 i43 2.9 500 77 0. 438 220 11 286 110 :42jo 

,-6-----------------i------ ----- ----------- ·--------- ! I! ----------- - - --- ---

::: ::::! 1:: -~!-=.=-:~~ --::- ~-;f-r ::r~~=::;~-1~;:, ·: 
6.o 75 a. 500 1070 535 6~~i-1030·-. 64 a. 786 I s10 - · !! 1070 405 -··r 15;;~- . ·._ 

1 

7 

8 

9 

I\) 

I 
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Tables 9- 1/-S. 
Data for graphical integration along trajectories A 'B and 

AB. (See fig./2) ~•90(18 0) degrees. 

Section A'B 

10 7.0 2420 150 1.73 4220 - ---L-----.... ------... ·-- -·---~._ _.,_ ----·----... - --- ---.. -•· __ ..._ ______ ... . .... ..... .-.---- ~--------~ -~ 
20 7.7 266o 152 1.88 5000 --·- - -·-·· - - --•·-·"-· •···- ---"- ··- ·-· - ... .... ,.·--··----- ---· --·- -- ., . ......... - ... • .. ··-----·• 
JO 8.0 2760 140 1.19 3300 _ _ , ..__ -- . ,... ,_._,. _ ______ , _ __ c_~• -~•·-~ .. , .,, ... ,,...,-. ·" , _ _. ,.._.,, _ _,. ._,.. . .,. _ _.._ . · , _ __ .,._ ..,. _______ .,.._,.,_ 

40 9.0 3100 120 0.84 2600 
------.. --.. - .. . --... - ,~----,.--,,-- -,.__·-··---... - __ ,.., __ .,, . ··- - --, . ~ '"· ... ·--~------~ .. .. -~----- ~------.. ... -.-. ...-- ----- --- Y-•-·-

50 9.0 3100 115 0.465 1450 
_____ ,,_~ ·- - -- - ------ - -----· ____ ,...._ _ .. . _,. _ __ _ _ _,,.., . _ _ __ _ _ , ......... _ _____ _ ___:_. 

60 8 .o 2760 107 0.306 843 -· .• _ .. ____ ,' -- ··-·~·-- - -. _ _,.__ ___ _ ---------· .. --- ---·· ., ___ 
70 6.8 2320 99 0.158 368 ·--~-~~-------·------· --·- ·-
80 6.0 2080 94 0.07 160 --4----- - ----•--·- -. .. -•-·----
908 6. 2 2140 90 0 0 

Section AB 
l====;=-,== r======= ===========-==-.,= 

o( b P-Q cot. y1/ (P-Q~cot.p · 
l==~==+==-=====l:=-=-=--==i===· =··-'=·---·-·cc· -·=·;:.=:::::.-:::-.== 
180 A 7.0 2420 90 0 0 - - h ~---•--~, -•.' ----•••••-••- =•~.-. ., _..,_ _,. __ ,A •• - ••'"-••-----~••• ~·--• .. <--• ••I,•--- •~• ••-• ,. ---• •--~ ••-• - -' - •- · 

170 8.0 2760 34 1.48 4750 --- ···--· ·------- --- ----·--- ·----~···· -··•-··---· .. --- - ···~•··-··. -····-- ····-· -- ~--... -·- ------------ · 
160 8.5 2930 35 1.42 5500 

-- ~-- _..,. .... . . -. . . - - - ~-·--·· ...... - ...... _____ ... ., . --- 1-----·-· - ·-------- - ·-•------•------·--·.. -

150 9.0 3100 46 0.98 3660 ·-·---••·- -----•-·--- ----- ------·- -. 
140 10. 3450 58 o.6J 3250 

--·----~ .. - - --- ------ ------ l- ··- ______ ....,_,,~-- ~·-· ..... _. -•··-- --- ..... _. ____ , .. 

130 9.0 3!00 6~ ··--- ____ .9._~42 ·- 1430 ·-120 8.0 2760 73 o.Jo6 850 
1----4-------,--·-•--·- •- ------- -----1----·---···-·-

110 7. 5 2580 . 81 0.158 250 
-------- -- --· r-----·----·· --- ------- --- - -----1 

100 7.0 2420 . 86 0.070 160 
. .__ -.- ---- --·---···-·-- ------------------ ----------·-- ---------- ---~- -

CX)B 6.2 2140 ·. 90 O o 



I i ~-· .. ; .. - ~! ·-·-· 
i 

i 





Table 7. 
Data. for graphical integration 8 long 

tn1jectory GH(see fig./,f). t• 135 deg. 

I . 1 . : . : ! 
! a. j f././ icott i b ! P-Q (P-Q)cot 
l de~- ~d ~#""~+=,~"==~~·-=+- ···-·--•··· '···-__ ··-
! O(G) 1 90 i 0 l If 1 1450 ! 0 L ..... j. j . ·-· . · i--···•·-· +- ····•·· . . L ....... --
J ; i l I 
I 10 : 152 i 1.8s i 4.4 ! 1610 1 3020 
,. • .I ·t .. . ········ +-·· ·--·····--~- ··················--+--- ···· -··--·· 
! 20 , 146 ! 1.4s l 4.1 i 1no I 2540 
i 1.. . ! . . : .. . . . - . · • . . . . r·· . I . : i 

l 30 . 133 i o.78 l 5.0 ; 1830 ! 1440 
1--------·-·-··f•-·· · · ----•--~•--i ----· ---.. ·---- +·· · · -+-· ------ ... _., __ •·· ·f~---- -~-· ... --- ··-· 
i 40 122 ! 0.63 ! 5.3 : 1940 ! 1240 
;- - . . • . ; . . .... . ······'-· .•. •..•• .• . .. j .. ·- . ... -- ··j-·--·--··· ··- ·--- · 

: 50 113 l 0.41 1 s.7 1 2000 i 855 
,.~-·······- . .. , ...... . ...... ~.. ............. . . .. ····- ··-- '·-·····--· . -·-
' 1 ' • 

I 60 ! 106 j 0.29 ! 602 j 2260 J 655 ! .............. *· . •. •·· ..... · · -· ·· · ---·-- · . .. .. - •. ·····t····-·-- - --- ·-t------- - ·-·-- ·-· 

i 10 97 1 0.123 6os I 2400 ; 350 
!______ ' \ . . .... .. ··r ;' . ····1 -·········-~··-········ I 

1 80 92 10.044 ; 6.9 i 2500 l 110 I :-• ---- -·•··--·· · · ···i·---·-•··- -r ... . ...... -··t· ·---- ..... ··----t 
: 90 90 1 o i 7.o i 2560 . o I 

.->· --- ··--· 50 p 
00 

00 

\ ' 

\ 

Fig. I+. 
Sketch of isocHnics for t• I 3'5 degre es~ 
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Table 6. 

D~ta for graphicsl integration Along 
trajectory EF ( See fig./6). ~"'4-5 deg. 

14s 1.881 J.7 11350 I 2540. 
' +-----------4------'";,-~" :....~ 

1J8 j 1 olO 4;'1! 1500 ·- l 1680 
I---+--~;-----· --- t ·-------,-.---+•---------------l-------·---- --------

40 128 ! o. 78 1 4.4 !· 1000 / 1250 

20 

30 

i '· - •·· -·-. --~~-. -- ·-·--___ ;,..,. _____ .. _. ____ -"'~.:.:.... 

50 119 i 0.4~ 4.7 1 - 1720 1 835 --t-------!--- ---+------!----- - ·- -
60 108 ! o. 309 5.0 j _1830 i 565 

-----·· --- --- -- -------- ···1- - --- -----t- ---- ---- !· -- ----------i- ----- -----
70 98 1 0.139 s.3 i 1940 ! 270 

' I 

80 92 ! 0.lJ< 5.6 i 2040 81 

9o 90 j o 6.0; 2190 
I 

0 

oo 
d' 

Fig. I 6. 
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V. DISCUS~ION OF RESULTS 

Results presented in Figures 1, 2 And 3 show th f t the velues of ten-

sile, compressive And shear stresses vflry inversely with a/d. To use the 

curves in predicting the stresses which will occur, it is n~cess~ry to 

know the shear stress, P/A, on th, rivet or bolt. For exl'mple, pssume 

P/A is 10,000 p.s.i., Pnd it is desired to know whet the ~axinrum mPrginAl 

tensile stress will be for A lood Pngle of¢ -= 9J degrees vith a/d = 1.40. 

In Fig. 2, use 1>poropri~te curve F-nd find the S .C.F.(T) to be 2.25. By 

multiplying 2 .25 x lC1, 000 , the maximum tensile stress is found to be 

22,500 p.s.i. This procedure !M'Y be followed for ell S . C.F. versus a/d 

curves . 
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VI. cm;cLl!SIONS 

Results of this investigntjon show thPt th~ recomrn enrltiticns f or a 

mininrum e/d r'1tio of 1 .5 is justified in the design of mPrgin wid ths . 

For An ,i/d • 1.5 in l! riveted .ioint in which the P- vere ge riv~t sheBr 

stress, (P/A) is 15,000 p . s.i., the mP.x:i.nrum sl1ePr s tress in t he pl~te 

for¢ • L..5 (225 ) derrees is 1 .35 x 15,000 • 20,~20 p.s.i. The s ht>rr:ing 

yiel d strength for structuul s teel is cbout 21,000 p . s .i.(12), which s1-iows 

the mrrgin of saf~ty to be V!"ry sm~l] . For the srome load conditi on, t he 

maximum tens ile stress in the plPte i s l . G x 15,000 ic 24, 000 p . s . i . Pnd · 

the meximum compressive stress i s 2 .1 x 15,COO = 31,500. Bas ed on e y ield 

point of 35, 000 p.s.i.( 12) the m~ r gi n of sefety f or both tension rnd com-

pression is higher th~n for shMr, whfoh sho\o/'s t het the shear i s c ri t1c ,,1. 

By steps simihr to those used P..bove, :it cm b~ shown that t he com-

pressive ~tress is criticrl for¢ • 90 (180) d l"f~re~s ,md ¢ c 135 ,legrees. 

The optimum velue for a/d depends on the properti es of the !llPteriel 

from which the pl .~te is mP.de Pnd the dir~c t i on of the applied loid . 
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