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SUMMARY 

An a n a l y t i c a l  and experimental  i n v e s t i g a t i o n  was conducted on bonded composite 
s ing le - l ap  j o i n t s  with t h e  adherends preformed t o  reduce t h e  angle  between t h e  l i n e  
of a c t i o n  of t h e  app l i ed  in-plane f o r c e  and t h e  bondline. A c l a s s i c a l  closed-form 
s o l u t i o n  was used t o  ana lyze  t h e  composite j o i n t s  with various preform angles  and 
over lap  lengths .  The adherends of t h e  test specimens were preformed before  bonding, 
dur ing  t h e  layup and cu r ing  process.  S t a t i c  t e s t s  were conducted f o r  preform angles  
of 0°, 5O, 1 0°, and 15O and over lap  lengths of 0.75, 1.75, 2.75, and 3.75 i n .  A 
l i m i t e d  f a t i g u e  s tudy w a s  conducted f o r  specimens with a 2.75-in. over lap  and a pre-  
form angle  of 5O. 

Resu l t s  of t h e  a n a l y s i s  showed t h a t  preforming the  adherends of bonded composite 
s ing le - l ap  j o i n t s  s i g n i f i c a n t l y  reduced t h e  shea r  and p e e l  stress concent ra t ions  i n  
t h e  adhesive. Experimental r e s u l t s  showed t h a t  preforming the  adherends s i g n i f i -  
c a n t l y  i nc reased  t h e i r  s ta t ic  and f a t i g u e  s t r e n g t h  and thus  inc reased  t h e  load l e v e l  
f o r  which bonded composite s i n g l e - l a p  j o i n t s  can be designed. A 46-percent improve- 
ment i n  s t a t i c  j o i n t  s t r e n g t h  was obtained by preforming t h e  adherends of a s i n g l e -  
l a p  j o i n t  wi th  an over lap  length  of 3.75 in.  Preforming the  adherends r e s u l t e d  i n  an 
i n c r e a s e  i n  f a t i g u e  l i f e  of over  an order  of magnitude f o r  a qiven load l e v e l  and a 
50-percent i n c r e a s e  i n  t h e  maximum load t h a t  bonded composite s ing le - l ap  j o i n t s  can 
t r a n s f e r  f o r  1 o6 cycles .  

INTRODUCTION 

Bonded j o i n t s  a r e  p o t e n t i a l l y  the  most e f f i c i e n t  j o i n t s  t o  u se  with composite 
mater ia l s .  However, it has been e s t a b l i s h e d  ( r e f .  1 )  t h a t  high p e e l  and shear  stress 
concent ra t ions  develop i n  bonded j o i n t s  near  t h e  ends of t he  j o i n t s .  Because com- 
p o s i t e  ma te r i a l s  have r e l a t i v e l y  low i n t e r  laminar s t r e n g t h ,  t h e  high p e e l  and shear  
s t r e s s  concent ra t ions  u s u a l l y  cause in t e r l amina r  adherend f a i l u r e  i n  t h e  l aye r  o r  
l a y e r s  c l o s e  t o  t h e  f ay ing  sur face .  Several  design techniques f o r  reducing the  p e e l  
and shear  s t r e s s  concent ra t ions  t o  i nc rease  t h e  s t r e n g t h  of bonded s ing le - l ap  j o i n t s  
a r e  d iscussed  i n  r e f e rences  2 through 7. These techniques inc lude  t ape r ing  t h e  
adherends, adding s o f t e n i n g  s t r i p s  t o  t h e  adhesive,  s t i t c h i n g  near  the  edge of t h e  
over lap ,  and preforming t h e  adherends . 

The mer i t s  of preforming the  adherends of s ing le - l ap  j o i n t s  were f i r s t  suggested 
i n  re ferences  2 and 3 and w e r e  i n v e s t i g a t e d  more thoroughly i n  t h e  a n a l y t i c a l  and 
experimental  i n v e s t i g a t i o n  repor ted  i n  re ference  7. The a n a l y t i c a l  r e s u l t s  showed 
t h a t  preforming t h e  adherends of s ing le - l ap  j o i n t s  could s i g n i f i c a n t l y  reduce t h e  
p e e l  and shea r  s t r e s s  concent ra t ions  near t h e  ends of the  j o i n t  overlaps.  Tes ts  
conducted on aluminum bonded s ing le - l ap  j o i n t s  showed t h a t  preforming the  adherends 
s i g n i f i c a n t l y  increased  t h e  s t a t i c  j o i n t  s t r e n g t h  and f a t i g u e  l i f e  ( r e f ,  7), 

Because of t h e  low in t e r l amina r  s t r e n g t h  of most composite ma te r i a l s ,  f a i l u r e  i n  
a composite s i n g l e - l a p  j o i n t  u sua l ly  occurs i n  the f i r s t  few p l i e s  of t he  adherends 
due t o  the l a r g e  s t r e s s  concen t r a t ions  near  the  ends of the  j o i n t  overlap. Thus, the 
reduct ions  i n  s t r e s s  concent ra t ions  obtained by preforming the  a a e r e n d s  should 
r e s u l t  i n  s i g n i f i c a n t  improvements i n  t h e  s t a t i c  s t r e n g t h  and f a t i g u e  Li fe  of bonded 
composite s i n g l e - l a p  jo in t s .  The a n a l y t i c a l  and experimental  i n v e s t i g a t i o n  repor ted  



h e r e  was under taken t o  de te rmine  t h e  e f f e c t s  of preforming t h e  adherends  on t h e  s t a -  
t i c  and f a t i g u e  s t r e n g t h  of bonded composite s i n g l e - l a p  j o i n t s ,  The v a r i a b l e s  con-  
s i d e r e d  inc luded  o v e r l a p  Length and p r e f  orm a n g l e ,  

ANALYSIS 

Composite s ing le - l ap  j o i n t s  with preformed adherends were analyzed us ing  t h e  
one-dimensional c l a s s i c a l  a n a l y s i s  presented  i n  re ference  1,  modified t o  account f o r  
t h e  preformed adherends ( r e f .  7). The s t r e s s e s  were assumed t o  be cons tan t  through 
the  adhesive th ickness ,  and t h e  adhesive a x i a l  s t r e s s  p a r a l l e l  t o  t h e  adherends w a s  
assumed t o  be neg l ig ib l e .  Shear deformations i n  t h e  adherends and t h e  inf luence  of 
t he  adhesive on t h e  f l e x u r a l  s t i f f n e s s  of t h e  j o i n t  were a l s o  assumed t o  be n e g l i g i -  
ble .  The composite adherends and t h e  epoxy adhesive were assumed t o  be homogeneous, 
l i n e a r  e l a s t i c  ma te r i a l s  with t h e  mechanical p r o p e r t i e s  given i n  t h e  t a b l e  below, 

The v a l i d i t y  of us ing  t h e  modified c l a s s i c a l  a n a l y s i s  with t h e  above assumptions 
was demonstrated i n  re ference  7 f o r  aluminum bonded s ing le - l ap  j o i n t s  with preformed 
adherends. Resul ts  ob ta ined  us ing  the  modified c l a s s i c a l  a n a l y s i s  were compared wi th  
those  obtained us ing  f in i te -e lement  so lu t ions ,  and t h e  comparison confirmed t h a t  t h e  
modified c l a s s i c a l  s o l u t i o n  was accura te  f o r  q u a l i t a t i v e  eva lua t ion  of t h e  in f luence  
of ma te r i a l  p r o p e r t i e s  and geometric v a r i a t i o n s  on t h e  shea r  and p e e l  stresses a long  
the  midplane of t he  adhesive. 

EXPERIMENTAL PROCEDURE 

Specimens 

Seventy-two bonded s ing le - l ap - jo in t  specimens were t e s t e d  i n  t h i s  i nves t iga t ion .  
Specimen dimensions a r e  given i n  f i g u r e  1 and t a b l e  I. The adherends cons i s t ed  of 
1 6-ply ~300/5208'  graphite/epoxy ma te r i a l  i n  a pseudo-isotropic  layup ( (0° ,  f 45O, 
90° ) . The nominal adherend th ickness  was 0.095 i n .  Specimens with preform ang le s  
of oa; 5 ,  10' , and 15' and over lap  lengths  of 0.75, 1. 75, 2. 75, and 3 75 i n  were 
t e s t e d .  The adherends were 2 i n ,  wide and extended 5 in .  from t h e  preform po in t .  
F ibe rg l a s s  end t abs  16  p l i e s  t h i ck  were bonded onto  each end of t h e  specimens, as 
shown i n  f i g u r e  1, The t e s t  j o i n t s  and end t abs  were bonded us ing  EA 9342 epoxy 
adhesive. 

' m o r n e l  300 (T300)  g r a p h i t e  f i b e r  is  manufactured by Union Carbide  Corpora t ion ;  
5208 epoxy r e s i n  i s  m n u f a c t u r e d  by Narrnco Ivlaterials ,  a s u b s i d i a r y  of Celanese  
Corpora t ion .  

2~~ 934 epoxy adhes ive  i s  manufactured by t h e  Bysol Divis ion of the  Dexter 
Corpora t ion .  



The specimens were made by l ay ing  up the adZlerend ma te r i a l  i n  l a rge  shee t s  on a 
c a l d  p l a t e  b e n t  t o  t h e  proper preform angle ,  The r ad ius  of t h e  bend i n  t he  e a l d  
p l a t e  was 4,0 i n ,  Adherend segments were c u t  f r o m  t h e  s h e e t s  and bonded and cured a t  
room temperature,  a s  p re sc r ibed  by the  adhesive manufacturer, The adhesive bond 
th i ckness  was c o n t r o l l e d  by mixing g l a s s  beads with t h e  adhesive. Typical  specimens 
a r e  shown i n  f i g u r e  2. 

Tes t s  

A l l  specimens were t e s t e d  i n  a hydrau l i ca l ly  ac tua t ed  u n i v e r s a l  t e s t  machine. 
The specimens were mounted us ing  wedge a c t i o n  t ens ion  g r i p s  wi th  u n i v e r s a l  j o i n t s  
above and below the g r i p s  t o  ensure  t h a t  extraneous moments were n o t  appl ied  t o  t h e  
specimen. A t  t he  s t a r t  of each t e s t ,  t h e  d i s t ance  between t h e  g r i p s  was 5.0 in .  p lus  
t h e  over lap  length.  Both s t a t i c  and l imi t ed  f a t i g u e  t e s t s  w e r e  conducted on t h e  
preformed-adherend bonded specimens. (See t a b l e  I. ) For t h e  s t a t i c  t e s t s ,  a t  l e a s t  
t h r e e  r e p l i c a t e  specimens were t e s t e d  f o r  each conf igura t ion .  Fat igue t e s t s  were 
conducted on a n  a d d i t i o n a l  10 base l ine  specimens and on 9 specimens with preform 
angles  of 5O. The f a t i g u e  specimens each had a n  over lap  length  of 2.75 in .  

For t h e  s t a t i c  t e s t s ,  t h e  l ap - jo in t  specimens were loaded t o  f a i l u r e  i n  tension.  
The t e s t s  were conducted a t  a cons t an t  displacement r a t e  of 0.05 in/min. The f a t i g u e  
tests were conducted by s i n u s o i d a l l y  cyc l ing  t h e  load between 10 pe rcen t  of the  aver-  
age s t a t i c  u l t i m a t e  t e n s i l e  s t r e n g t h  of t h e  j o i n t  and the  maximum c y c l i c  t e n s i l e  t e s t  
load. The t e s t s  were conducted with the  machine i n  a load c o n t r o l  mode a t  a r a t e  of 
300 cycles/min. 

RESULTS AND DISCUSSION 

Analy t ica l  Resul t s  

Typica l  a n a l y t i c a l  r e s u l t s  a r e  shown i n  f i g u r e  3 f o r  bonded composite s ing le - l ap  
j o i n t s  wi th  preformed adherends. Shear and p e e l  s t r e s s  d i s t r i b u t i o n s  a r e  shown a long  
t h e  c e n t e r l i n e  of t he  adhesive f o r  j o i n t s  with an  over lap  length  (2c )  of 1.00 in .  and 
f o r  preform ang le s  of 0°, 5O, 1 0°, 15O, and 20°. The shea r  s t r e s s e s  ( f i g .  3 ( a )  ) were 
normalized by t h e  average shea r  s t r e s s  i n  t h e  adhesive, and t h e  p e e l  s t r e s s e s  
( f i g .  3 ( b ) )  were normalized by t h e  average t e n s i l e  s t r e s s  i n  t h e  nonoverlap p o r t i o n  
of  t he  adherends. Large shea r  and p e e l  s t r e s s  concent ra t ions  were obtained a t  t h e  
edges of t h e  over laps  f o r  t h e  s t r a i g h t - l a p  j o i n t  (preform angle  8 = 0). The shea r  
s t r e s s  concent ra t ion  w a s  over  5 t imes t h e  average adhesive shea r  s t r e s s .  

Preforming the  adherends reduced both t h e  shea r  and p e e l  s t r e s s  concent ra t ions .  
For a preform angle  of approximately 15O, t h e  shear  s t r e s s e s  became almost uniform 
a long  the  adhesive c e n t e r l i n e  and the  p e e l  s t r e s s e s  were s l i g h t l y  compressive a t  t h e  
edges of the  jo in t .  Thus, f o r  t h e  given conf igura t ion  and design load, a preform 
angle  of approximately 1 5 O  should r e s u l t  i n  a j o i n t  with an almost uniform s t r e s s  
d i s t r i b u t i o n  i n  the  adhesive and a maximum u l t ima te  s t r e n g t h  f o r  t h e  j o i n t ,  

Parametric s t u d i e s  were made for  composite s ing le - l ap - jo in t  conf igura t ions  wi th  
var ious  adherend and adhesive p rope r t i e s ,  loads, and over lap  lengths,  Preforming t h e  
adherends r e s u l t e d  i n  l a r g e  reduct ions  i n  the  shea r  and p e e l  s t r e s s  concent ra t ions  
f o r  each of t he  c o n f i ~ r a t i o n s  considered. The e f f e c t s  of load, adkrerend and adhe- 
s i v e  s t i f f n e s s ,  adherend and adhesive th ickness ,  and over lap  length  on the  optimum 
preform angle  a r e  given i n  re ference  7 and a r e  no t  repeated here ,  The optimum 



preform angle  is  def ined  i n  re fe rence  4 a s  t h e  preform angle  t h a t  r e s u l t s  i n  a 
minimum value when t h e  Von Mises f a i l u r e  c r i t e r i o n  is appl ied .  Because t h e  s i n g l e -  
l a p  problem is  geomet r ica l ly  nonl inear ,  t h e  optimum preform ang le  is h ighly  dependent 
on the  load assumed i n  t h e  c a l c u l a t i o n s  and cannot be p r e d i c t e d  without  knowing t h e  
u l t i m a t e  s t r e n g t h  of t h e  j o i n t ,  which i s ,  i n  tu rn ,  dependent on t h e  preform angle ,  

Experimental Resul t s  

S t a t i c  t e s t  r e s u l t s . -  A summary l i s t i n g  of t h e  s t a t i c  test r e s u l t s  i s  given i n  
t a b l e  11, Average r e s u l t s  f o r  each ove r l ap  length  a r e  presen ted  i n  f i q u r e  4, which - 
shows t h e  normalized f a i l u r e  load  a s  a func t ion  of t h e  preform angle.  The f a i l u r e  
loads f o r  each ove r l ap  length  were normalized by t h e  average f a i l u r e  load  f o r  t h e  
b a s e l i n e  ( 8  = 0') s i n g l e - l a p - j o i n t  specimens with t h e  same ove r l ap  length. Preform- 
i n g  t h e  adherends r e s u l t e d  i n  an i n c r e a s e  i n  t h e  u l t i m a t e  j o i n t  s t r e n g t h  f o r  each 
ove r l ap  length .  An i n c r e a s e  i n  j o i n t  s t r e n g t h  of 46 p e r c e n t  was ob ta ined  f o r  spec i -  
mens wi th  a 3.75-in. overlap.  In  genera l ,  t h e  improvements i n  u l t i m a t e  s t r e n g t h  
which r e s u l t e d  from preforming t h e  adherends i nc reased  with i n c r e a s i n g  ove r l ap  
length.  One except ion was t he  2.75-in-overlap specimens, which showed a lower 
improvement i n  f a i l u r e  load  than was ob ta ined  f o r  t h e  1 .75-in-overlap specimens. 

- - 

This  incons is tency  probably occurred because t h e  2.75-in-overlap specimens had t h e  
h i g h e s t  ba se l ine  j o i n t  s t r e n g t h .  

The preform angle  t h a t  r e s u l t e d  i n  t h e  l a r g e s t  improvement i n  j o i n t  s t r e n g t h  
became smal le r  a s  ove r l ap  l eng th  increased.  (That is ,  the  maximum s t r e n g t h  f o r  t h e  
0.75-in-overlap specimens occurred f o r  a preform angle  of 15O, whereas t h e  maximum 
s t r e n g t h  f o r  t he  3.75-in. ove r l ap  occurred f o r  a preform ang le  of  5O. ) This reduc- 
t i o n  i n  preform angle  wi th  increased  ove r l ap  length  is  c o n s i s t e n t  with t h e  a n a l y t i c a l  
r e s u l t s  given i n  r e f e r ence  7 f o r  aluminum adherends. It a l s o  seems t o  conf i r m  t h e  
r e s u l t s  p resen ted  i n  f i g u r e  3, which i n d i c a t e  t h a t  a preform ang le  of 15O gives  t h e  
lowest  p e e l  and shea r  s t r e s s  concen t r a t i ons  and thus should g ive  t h e  h i g h e s t  j o i n t  
s t r e n g t h  f o r  the  composite j o i n t  wi th  a 0.75-in. overlap.  However, a s  was noted i n  
t h e  prev ious  s e c t i o n ,  t h e  geometric n o n l i n e a r i t y  of t h e  problem makes it impossible  
t o  a n a l y t i c a l l y  p r e d i c t  t h e  optimum preform angle  wi thout  knowing t h e  u l t i m a t e  j o i n t  
f a i l u r e  load. 

The v a r i a t i o n  of maximum f a i l u r e  load  with over lap  length  i s  shown i n  f i g u r e  5. 
The preform angle  t h a t  gave t h e  maximum f a i l u r e  load va r i ed  with ove r l ap  length ,  a s  
shown i n  t h e  f i gu re .  The maximum f a i l u r e  loads were nondimensionalized by t h e  f a i l -  
u r e  load f o r  t he  b a s e l i n e  ( 8 = 0°)  0.75-in-overlap specimens, The v e r t i c a l  l i n e s  
r e p r e s e n t  t h e  range of measured d a t a  and t h e  curves a r e  f a i r e d  through an average of 
t h e  da ta .  For t h e  b a s e l i n e  l a p  j o i n t s ,  i n c r e a s i n g  t h e  ove r l ap  l eng th  i nc reased  t h e  
f a i l u r e  load  f o r  ove r l ap  l eng ths  up t o  2.75 i n . ,  bu t  t h e  3.75-in-overlap specimens 
showed s l i g h t l y  lower f a i l u r e  loads  than t h e  2.75-in. specimens. Due t o  t h e  sma l l  
number of specimens t e s t e d  ( f i v e  f o r  t h e  2.75-in, ove r l ap  and t h r e e  f o r  t h e  3.75-in. 
o v e r l a p ) ,  t h e  d i f f e r e n c e  between t h e  f a i l u r e  loads f o r  t h e  2.75-in- and 3-75-in- 
ove r l ap  specimens was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  Attempts t o  compare t he se  
r e s u l t s  with publ ished l a p  j o i n t  da t a  d i d  n o t  r evea l  any experimental  d a t a  f o r  over-  
l a p s  t h a t  were longer  than those  t e s t e d  here ,  Thus, i t  cannot  be e s t a b l i s h e d  i f  t h e  
f a i l u r e  loads reach a peak and then reduce f o r  l a r g e r  ove r l ap  l eng ths  or if they  
approach a cons t an t  value f o r  Longer over laps ,  

For specimens with t h e  adherends preformed t o  t h e  optimum angle  ( t h e  ang le  t h a t  
gave t h e  h i g h e s t  experimental  f a i l u r e  l o a d ) ,  improvements i n  j o i n t  s t r e n g t h  with 
increased  ove r l ap  length  were obtained f o r  over laps  up t o  3-75 i n ,  Fur ther  t e s t s  



with  longer over laps  a r e  needed t o  determine t h e  u l t ima te  improvements i n  j o i n t  
s t r e n g t h  which a r e  poss ib l e  by p r e f o r d n g  the  adherends and inc reas ing  the  overlap 
length ,  

Typical  f a i l u r e  modes f o r  t h e  preformed-adherend specimens a r e  shown i n  f i g -  
u r e  6 ,  For t h e  pref  ormed-adherend specimens; i n t e r l amina r  f a i l u r e  occurred i n  t he  
f i r s t  few p l i e s  of t he  adherend, j u s t  a s  i t  d i d  f o r  t h e  base l ine  specimens. For t he  
preformed-adherend specimens with longer over laps ,  high deformation energy i n  t h e  
j o i n t  o f t e n  r e s u l t e d  i n  almost  complete delamination of t h e  adherends once f a i l u r e  
occurred. In  a few cases ,  f o r  specimens t h a t  had long over laps  and preform angles  
l a r g e r  than were requi red  t o  give the  maximum s t r e n g t h ,  f a i l u r e  occurred i n  t h e  
adherend a t  t h e  preform bend. A photograph of a f a i l u r e  i n  t h e  adherend a t  the  bend 
i s  shown i n  f i g u r e  7. This type of f a i l u r e  d i d  n o t  occur f o r  preform angles  near o r  
sma l l e r  than  t h e  angle  t h a t  gave t h e  maximum f a i l u r e  load. 

Experimental r e s u l t s  r epo r t ed  i n  re ference  7 ind ica t ed  t h a t  preforming the  
adherends of aluminum bonded j o i n t s  with dimensions similar t o  those of t h e  composite 
j o i n t s  i n v e s t i g a t e d  i n  t h i s  s tudy  r e s u l t e d  i n  an  improvement of up t o  120 percent  i n  
t h e  s t r e n g t h  of aluminum j o i n t s ,  compared with a maximum improvement of 46 percent  
ob ta ined  i n  t h e  tests descr ibed  here  f o r  preformed-adherend composite j o in t s .  The 
bonded aluminum j o i n t s  f a i l e d  i n  t h e  adhesive f o r  a l l  preform angles .  A s  w a s  noted 
above, the  composite preformed-adherend j o i n t s  experienced i n t e r  laminar f a i l u r e  i n  
t h e  f i r s t  few p l i e s  of t h e  adherend f o r  a l l  preform angles .  It had been a n t i c i p a t e d  
t h a t  t h e  l a rge  reduct ion i n  p e e l  s t r e s s  concent ra t ion  c a l c u l a t e d  f o r  t h e  preformed- 
adherend j o i n t s  would r e s u l t  i n  t h e  f a i l u r e  s h i f t i n g  from t h e  adherend t o  t he  adhe- 
s i v e .  This s h i f t  should have produced an  even l a r g e r  i nc rease  i n  j o i n t  s t r e n g t h  than 
t h a t  ob ta ined  f o r  t he  aluminum j o i n t s .  Thus, t h e  smal le r  improvement i n  composite 
j o i n t  s t r e n g t h  with preform angle  compared with t h a t  obtained f o r  aluminum j o i n t  
s t r e n g t h  is  probably because the  composite j o i n t  f a i l u r e s  always occurred i n  t h e  
adherends. Also, because t h e  a n a l y s i s  only p red ic t ed  s t r e s s  i n  t h e  adhesive,  t h e  
a n a l y t i c a l  r e s u l t s  d i d  n o t  r e l a t e  d i r e c t l y  t o  those  obta ined  exper imenta l ly  f o r  t h e  
composite adherend f a i  lu res .  

Cycl ic  f a t i g u e  r e s u l t s . -  The r e s u l t s  of t he  f a t i g u e  study a r e  shown i n  f i g u r e  8. 
The maximum c y c l i c  load is shown a s  a func t ion  of the  number of cyc les  t o  f a i l u r e  f o r  
t h e  base l ine  conf igura t ion  and f o r  a conf igura t ion  with a 5 O  preform angle.  The 
f a t i g u e  t e s t s  were conducted on specimens with an over lap  length  of 2.75 i n .  Each 
symbol r ep re sen t s  one t e s t  except  f o r  those  t h a t  i n d i c a t e  the  s t a t i c  r e s u l t s  a t  one 
cyc le ;  these  r ep re sen t  an average value f o r  t he  specimens t e s t e d .  Preforming t h e  
adherend r e s u l t e d  i n  approximately a 25-percent i nc rease  i n  t h e  s t a t i c  s t r e n g t h  and 
an improvement of over an order  of magnitude i n  t h e  f a t i g u e  l i f e  f o r  each load l e v e l .  
The runout load ( t h e  load f o r  which the  f a t i g u e  l i f e  was g r e a t e r  than 1 o6 c y c l e s )  f o r  
t h e  preformed-adherend conf igura t ion  was a t  l e a s t  50 pe rcen t  h igher  than the runout 
l oad  f o r  t h e  base l ine  conf igura t ion .  Preforming t h e  adherends of aluminum bonded 
s ing le - l ap  j o i n t s  was repor ted  i n  re ference  7 t o  give l a r g e r  improvements i n  f a t i g u e  
l i f e  (an inc rease  of s e v e r a l  o rde r s  of magnitude) and load range ( 1  00-percent 
i n c r e a s e )  than were obta ined  i n  t he  p re sen t  s tudy f o r  composite s ing le - l ap  j o i n t s *  
Because most bonded j o i n t s  a r e  subjec ted  t o  c y c l i c  loading, preforming the  adherends 
can s i g n i f i c a n t l y  i nc rease  the  load range f o r  which bonded s ing le - l ap  j o i n t s  can he 
used. 



CONCLUDING REMARKS 

An a n a l y t i c a l  and experimental  i n v e s t i g a t i o n  was conducted on bonded composite 
s ing le - l ap  j o i n t s  with the  adherends preformed t o  reduce the  angle  between the  l i n e  
of a c t i o n  of t h e  app l i ed  in-plane f o r c e  and t h e  bondline, A c l a s s i c a l  closed-form 
s o l u t i o n  was used t o  analyze t h e  composite j o i n t s  with various preform angles  and 
over lap  lengths.  The adherends of the  t e s t  specimens were preformed before  bonding, 
dur ing  t h e  layup and cu r ing  process.  S t a t i c  t e s t s  were conducted f o r  preform angles  
of 0°, 5O, 1 0°, and 15O and over lap  lengths  of 0.75, 1.75, 2.75, and 3.75 i n .  A 
l imi t ed  f a t i g u e  study was conducted f o r  specimens with a 2.75-in. over lap  and a pre-  
form angle  of 5O. 

Resu l t s  of the a n a l y s i s  showed t h a t  preforming t h e  adherends of bonded composite 
s ing le - l ap  j o i n t s  s i g n i f i c a n t l y  reduced t h e  shear  and p e e l  stress concent ra t ions  i n  
t h e  adhesive. Experimental r e s u l t s  showed t h a t  preforming t h e  adherends s i g n i f i -  
c a n t l y  increased  the  s t a t i c  and f a t i g u e  s t r e n g t h  and thus  t h e  load  l e v e l  f o r  which 
bonded composite s ing le - l ap  j o i n t s  can be applied. A 46-percent improvement i n  s t a -  
t i c  j o i n t  s t r e n g t h  was obta ined  by preforming t h e  adherends of a s ing le - l ap  j o i n t  
wi th  an  over lap  length of 3.75 in .  The improvement i n  u l t ima te  s t a t i c  s t r e n g t h  due 
t o  preforming the  adherends became g r e a t e r  with longer  over laps  and the  preform angle  
t h a t  r e s u l t e d  i n  t h e  maximum s t a t i c  j o i n t  s t r e n g t h  decreased wi th  inc reas ing  over lap  
length. 

Preforming t h e  adherends r e s u l t e d  i n  an  inc rease  of over an  order  of magnitude 
i n  f a t i g u e  l i f e  f o r  a given load  l e v e l  and increased  by 50 pe rcen t  t h e  maximum load 
t h a t  bonded composite s ing le - l ap  j o i n t s  could t r a n s f e r  f o r  1 o6 cyc les .  However, t h e  
improvements i n  f a t i g u e  l i f e  and load  range obtained f o r  composite j o i n t s  were n o t  a s  
g r e a t  a s  those  shown previous ly  f o r  aluminum j o i n t s  with preformed adherends. This  
w a s  probably because the  composite j o i n t s  always f a i l e d  i n  t h e  adherends, whereas t h e  
aluminum j o i n t s  f a i l e d  i n  t h e  adhesive. Because t h e  a n a l y s i s  only p red ic t ed  s t r e s s e s  
i n  t h e  adhesive, t h e  a n a l y t i c a l  r e s u l t s  d i d  no t  r e l a t e  d i r e c t l y  t o  t h e  f a i l u r e s  i n  
t h e  adherend obtained f o r  t h e  composite j o in t s .  
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TABLE I.- SPECIMEN TEST PARAMETERS 



TABLE 11.- SUMMARY OF STATIC TEST RESULTS 
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Figure 1. - Schema t i c  of pref ormed-adherend t e s t  specimens. 
Dimensions i n  inches. 
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Figure 2. - Typical pref ormed-adherend t e s t  specimens. 

Overlap length = 1,75 in. 
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F igure  3 , -  hYfect of preform a n g l e  on stress d i s t r i b u t i o n  i n  c e n t e r  of a&-iesive for  
bonded composite s i n g l e - l a p  j o i n t ,  Dimensions i n  i n c h e s ,  
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Figure 4. - Effect  of preform angle on average f a i l u r e  load. 
po = Average f a i l u r e  load of base l ine  j o i n t  with overlap 
indicated.  
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Figure 5,- Maximum f a i l u r e  Load a s  a funct ion  of overlap length 
f o r  basel ine and preformed-adherend jo in t s .  Po = Average 
f a i l u r e  load f o r  basel ine j o i n t  with 0-75-in, overlap, 
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F i g u r e  7. - F a i l u r e  a t  bend i n  preformed-adherend compos i t e  j o i n t s .  
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F igu re  6. - Typica l  j o i n t  f a i l u r e  f o r  b a s e l i n e  and pre f  ormed-adherend 
composite j o i n t s .  
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