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STRESS DISTRIBUTION OF DIFFERENT
SHAPES OF BONDED JOINTS.
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ABSTRACT :

Stress distribution in different bonded jionts are math-
ematically analysed. Three shaPes of joints; singlelaP, Butt
joint and scarf joint are considered. The exPerimental was done
on the above joints using two tyPes of adhesive materials. In
additation to the effect of surface roughness degree (C.L.A. )on
the different shaPes of the bonded joint strength was tested.Both
theoretical and exPerimental results are comPared.
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NOMENCLATURE :
o
b

3
K m(x),n(x)
Cy

Angle of contact in scarf joint,

Elastic modulus for adhesive layer,

Rigidity medulus for adhesive layer,

Constants,

Length of the bond line for single laP JOlnt,

ty, Thickness of Plates (1) and (2),
t3 Thickness of adhesive layer,
% (%), a (x) 6gn§ % fggggs in scraf joint,
adn : Normal disPlacement,
adt t Tangential disPlacement,
88y : DisPlacement in (yg direction,
adx ¢ DisPlacement in (x) direction,
Sl ¢+ Possin®s ratio for isotroPRic medium,

Jw2x Possin's ratio for orthotroPic medium in
(x) direction, :
j~22 : ?ossin's ratio for orthotroPic medium in
{z) direction,
JS Possin's ratio for adheS1ve layer
Ft(x) Total tensile load jnaterial (2) for
scarf joint.

1. INTRODUCTION :

Machine tools are not generally manufidctured as a continuous
casting of fabrication due to the difficulties in manufacture and
for functional reasons such as the necessity to incorForate guide
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ways. Most Practical designs for machine tcol structures, ther-
efore, 1incorRorate some form of (onnections be*tuween the basic
elements, such as the connections car. be c(lassified as fixed
joint (bonded, bolted, rivited and welded ;oirt} and sliding
joirnts. In both fixed and sliding connections, forces are tr-
ansmitted across the joint interfacres and therefore , one (ou-
ld exPect that the overall static¢ and dynamic ¢haracteristics
of the machine tool is influenced by the comPliance at these
individual connections.

%

A large number of i1nvestigations trave beer conducted orn =
adhesive bonded joints. Many of them were concerned with one
dimensional stress distribution ard the nechar.ical ProPerties
of the adhesive joints under stati¢ loading. ! . Several theor-
etical analysis of this comPlicated Froblem have aPPeared 1irn
the Previous work since the early work hy GCLAND & RESSINER/2
Their study concerned only with two limiting rases, 1.e.,where
the adhesive layer 1s so thin and stiff{the thickness and mod-
ulus of elasticity ratio of the adhesive 1s much less than that
of adherends). This means that 1ts effect on the flexibility
of the joint may neglected. Secondly, where the joirt flexibi-
11ty 1s mairly due to that of the adhesive layver.

The Present work Provides analysis and exPerimental comF-
arision for different shaPes of bonded joirts which are both
simPle enough fcr design PurPose and yet incliude sufficient
Parameters. So to Provide good correlation between test and
theory. The durability of adhesive bonded joints dePends on
the following factors; shaPe of the joint, tyPe of adhesive
materials, tyPe of adherends and *he surface PreParation for
both metal and comPosite adherends, 3. In this work the effect
of shaPRe of the sPecimen, tyPe of adhesive materials and tyPe
of adherends are discussed.

2, STRESS ANALYSIS IN SINGLE-LAF JGINT

This joint consists of Plate (1), be bonded to Plate (2)
by adhesive materials (3) as showi. in Fig (1-a). From thas
sPecification the following relations may bte assumed :

t, K ty KL Ly v (1)
and that the tensile force T is large enough, then,

S = T

A 'tl 8 & 0 % ¥ 0t B 5 0 3 0 e & ¢ O ¥ 2 s B % 2 0 s 0 (2)
where e5& = . average tensile stress in the Plates,

1.2- Determination Edge loads of joint :

The joint is devided intc three Parts as shown in Fag.
(1-b) considering the equilibrium of these Parts seParately,
the edge tension force acting on the joint (T) is given by

T =T cosec ~ T where angleoc is very small -
T = T = éA.tl ® 8 8 & 8 4 0 3 P 0 & 0 5 A et NP e e (3)
The edge monent (M_) is given By
- - €1
Me - Rc 5 ° Ao tl 8 2 8 0 0 00 0 80 e 0t e e ("")
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the edge transverse force (Fe
| 1 Toty) T-2 Mej

F
e

zz [(t

2p [(1-k) tf oty

2.2~ Stresses in the joint

Steress distribution in the joint must be determired

three directions (&, » 5&1 and T%y)’ (2 5

2

I IV CEEERE

&

& T

LI,

’ yv2 Xy?
and ( & , K’B and T 3). From two dimensional theory of
elastici%g /Y 24

ééxi éTin
+ =
T i v
S Txy., S6V.
—_— I = 0 (i= 1,2,3 )
5X TF 9Sy Je oo
From the boundary conditions of this pint
¥y = t1 : Txyl = 0 , ¥y = 9
vy F ¢] H Txyl = Txy3 s o Yl = b v3
Yo = 0 : Txy2 = Txyq ’ @YQ = % Y
Y2' = -tl : Txy2 = 0 ,Q’yj = G
X = 3 : g’x1 = 0 R Txy1= 0
& X, = 0 y Txyg= 0
3.2~ The Boundary conditions of the Stresses at the Ends of
Single-LaP Joint :
b4 = ¢ : é/x. = 0 s Txy1=
_ 1 x3 = 0 ’ Txy3 0
T oM 12 v
Bx, =( =+ =5 ) *+ — (=)
1 r1 t 1
y 1
= {43k + 6k ( e=2= ) & ceereen. (B)
t1 A
6F y y
e 2 2
txy e (== ) (14 J
2 ti t1 tl
t t y Yy
1 1 2 2
=3 [ ( 1-k ) * ( ) {1+ === (7))
yZ Z 4t t]
At x = - 7 6M 12 M vy
€xp = (g +—m) - — (=== )
1 1 tl ktl

[1+3k -6k ( -%i ) ]S, i (8)
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e
Txy, = - (meie ) (2- =2
1 t tl tl
t t Y Yy
1 2 7] 1 1
= -3 (1 -k) —= + —=_1 (=) (1 - === }a..(9;
e’e/x,} = 0 'y TXYB = 0 -0.:--..0.00-0.0--.-‘1(.‘
X2 = O » Txy2 - 0 tllnlllitlllllnthlvl‘]1,

3. STRESS DISTRIBUTION IN BUTT JOINT :

The joint consists of two adherends, that is flat inter-
ference with adhesive layer as shown in Fig. (2). In this 1vFe
of joints, the stress is simRle tensile stress distributior ,
then and from Ref./l/. it can be shown for the joirt cf rectang-
ular cross section, that;

~ l 2
2 =6 )/ 1~ (=2 )?
where
g; = tensile stress at centriod of joint,

245 5;verage .

g : T

tl.h
T = tensile force,
t1 » t,= thickness of the adherends (1) and 1<),
t3= thickness of the adhesive layer,
w = width of the joint.

Consequently, the shear comPonent 1s not exists.

But for the joint of circular corss section, the fullowing
equation may be used :

L
~/ - 2x
© = 5; /[l— ( ;ﬁ%l )2 - (‘E')2

where, d = diameter of joint,

4, STRESS DISTRIBUTION IN SCARF JOINT :

The joint consists of two taPered Plates (1) and (2), be
bonded together using adhesive material (3) as shown in Fig.(3)
The Problem of this analysis will be solved aPFroximately underx
the following assumPtions; the thickness of the adherends(t ,t2)
is larger than other dimensions of the joint, the stress fisld
in the Plates may be considered a Plane stress Problem(61 =0 = dz )
the contact stress acts on the taPered surfaces of the Pldtes ¥
as abody forces, the adhesive material acts as a combination of
shear and tension sPring and the stress through the thickness
distribution are neglected.

From the equilibrium of Plate (2) as shown in Fig.(3) the
following can be seen ;

Total force/urit width acting in Plate (2)
dc

P (x) = ;5[[ T (c) sinor * q (c) cos o ] ToTett e
-~ I8 .



or

X - . X _
ouf‘ET (c) cese + q (c) simer J=mo=—z0..i e it
Then, T (c¢) cosec = qfc SIN OC vo netononnenn e  w. L2
- sin“oec dc
Fe (x) = oqu (e) cosoc | 4 (¢) cos oc ] COS
X
cos o< -
-_— o e - + / .
F, (x) cosq;(tan o 1) o/ g (c) dc
5 X
= (1 + tan‘x) OJ/q (c) do viviinii i e Y

The following equation may be written from the equilibrium of
the adhesive la¥er as shown ir Fig. (3).
3 =

ad = B A < T (4
n %3
acft = --3-G3 w q (%)
1 tan2
= = a¢
d2X - dlx = b éx = t3 (53- + --E;') g (X) cOS oc «vrunn L3
In this case ; E = Elz = E,, = 0
, Fo {x) T—Ft(x)
Then, 6,.(x) = S—gmmw s Gax M T g Eanw "

The following differential equation can be written from
equations (3), (5) and (6) :

$F,
o( x2

where m (x) and n (x) are constants and from Ref./5,, the

following equations give the values of the constants,

= om(x) . Fy (x) =n(x)

m(x) = &~ [ A A Ut | (7)
k L E o X tanoc E ('t -X tanw‘) L AR
2x 1' "1
© (1 —,_/“2 ) T
n (X) - = KeEI‘(tl - X tarlO() 0,08 a1 e & a0 .,._(8)
t3 COS o ( 1 tanzq. ) |
K - + ¢ " s 0 9 8 2 & v s kg
© 1 + tanzoc G3 E3

Equation (3) solved this subject using the following boundry
conditions ;

Fo (o) = o0 L Fo (L) = T
and from equation (6) it can be noticed that, at :
AT X = 0 , §2x and if tl = t2
6 = L tanec at x = Lfélx are not defined which

may be %%Pressed as:

- I9-



\
F, (o)

~ ( = .
7 2% (o) tan !
Fe (L)
& ) = t SR
1> (LI T pon -oluool'o-c-o-oo-oonuocoo..ou.oo-o-l_ )

. EXPERIMENTAL WORK
l1.5=- TyPes of SPecimens

Four different shaPRes of sPecimens were manufac*ured Lutt,
scarf ty 30, scarf by 4%9 and sirgle-laF joint .all these
sFecimens are showr ir Fig's (1,2,3) and they were mam: factul-
ed from three materials (sts/st , AL/Al and (oF/coP). The rwo
Parts of the bonded sPecimens are 2ither nade fron fhe Sime
meterial for a comParision between theorctical and esPerimental
results or from the same material and combiration for testir.g
the effect of surface roughness on the strength of joirt, All
these sPecimens were subjected to Pure tens o,

2.5- TyFPes of adhesive Used :

Two tyPes of (ommerically available adhesives have been
used in this investigations, its sPecifications are listed below.

a~- Bison Bison Kombi-Kit

It is a two Part ePoxy-resin and hardencr with mixing ratic
1:1 by weight and 1ts setting time is 24 houirs at room temPeratirc
(20 C). The surfaces to be bonded have been wiFed by a cloth daFP-
ed in trichloroethylene t¢ remove excessive gregse Frior to vabour
treatment.

b~ Biscn homb:-kabid

It 1s a two Parts ePoxy-resir and hardener. The mixing
ratioc is 1:0.8 by weight at rocm rvemFerature (20° C) Bison Kimb
RaPid sets after (10) minutes, the borded object resists handlir g
at lower temPeratures . The setting time ircreases at 1C°C and
the resistance of handling is tained «fier atout 2C minuvtes. It
does not set below 5% C,

3.5- Testing Configurations i

In the tests, the sPecimens have the f{c¢llowir.g sPRecitic-
ations; the same degree of surface roughness, the adhesive
thickness is the same for varicus joint (127 M, )the sane sur-
face FreParation and the curing t:me 1s constant for every tyPe
of adhesive. It must be noticed —-hat, each set of testing conf-
iguration have been rePeated four times and the lcading or these
sPecimens is Pure tension withcut generating arny bending effects.

b- DISCUSSION AND CONCLU SICNE
1.6~ Effect of the Joint ShaPe

In Fig's (4,6,8 and 1C) the curves are Plotted for tre,
different shaPes of bonded joint, (Butt, scarf 30°, scarf b
and single laP joirt) when using adhesive No.I. A grouP of
these curves for the theoretical iresults and the remairder
for the exPerimental results. Fron these figures the +heor-
etical results seem in good agreement.



From Fig's (10, 11) the same tyPes of adherends wii¢ sed,
the same degree of roughness (C.L.A.) and the same *\be o* adl

esive, the trend of the curves 1in the figures 1s exactly g
same, but the second gives a good results comPared r¢ 'he ,¢.1t
of 45° face angle, that 1s also dePendent on the ircirease of
the contact area. In Fig's (12, 13) the results of sirgle=-laP
joints are Plotted. In these figures the curves take 't same
trend, but in the first when using adhesive (No.1) gi1v¢~ ¢ guod
results comPared with the second, that is deFend uPor rt¢ PFerfo.
rmance of the adhesive only as mentioned Lkefore, Ir tho, - tyFe

of ,oint the results is higher than anyv tyPe. We haive 'we reeo-
sons for that. The first, 1s the ir.crease¢ 0f the contad ' aipee.

The second is the increase surface grains of the Rarts which
affects the strength of this tyPe of joints.

2,6- Effect of Surface Roughness :

The exPerimental work were carried out to 1nvestigate the
effect of surface roughness (C.L.A.) on tre strength o‘ borded
Joints. The sPecimens used in these tests were single-laF |
scarf, butt joint. The utilized joints were st -st, .oF «oP and

Al1/Al or a combinations of those materials. The result:- ot
the tests are Plotted in Fig's t14-19Y) The tensile strergth of
the bonded joints was Flotted versus the surface touvghiiessil LA, |

shaPRe of joirt, tyPe of adhesive (using two tyPes matintained;r
the Previous Part) and the ‘hickness of adhesive was m= - tained
constant and equal to 127 Mm. From fig's +14-16) 1t ;- leetr thart,
the surface roughness Plays an imPortant role and afte. = the

Joir.t strength. The oFtimum value of surface roughress .~ rang-
ing between 20¢*m and 35 .“m These¢ values give good resi its foi

all shaPes of joirnts and for all tyPes of adhesiie marterial t1oo.
If are comPared Fig's {14-1G) 1t can be found rhe* the single
laF joint gives higher strengtl with resPect to the orheus
joints. This may be attributed *o the 1rcrease of the orntac?

area. In the second case wher. usirg adhesive (No 2) the results
shown. ir Fig's (15,17,19) for different shaPes of btonded ,oints.
It is clear that, the first tyPe o¢f adhesive materieal gives good
results withfresPect to the second tyPe of adhesives. I Fig?’s
(15,17,19) the curves take the same trend exactly btut give less
values comPared to the first tyPe of adhesive material. Now ,1t
is clear that, the first tyPec 1s better than the second and the
tensile strength of the single-laP joint is the highest one with
resPect to the other different shaPes of joints.

Finally the following can be concluded; (1) the desigr of
;oint on the basis of tensile strength, a single-laF joint and
steel/steel material is the oPtimum one.(2) The surface rough-
ness (C.L.A.) values from 30 to 40.Ym gives a good value of
tensile strength. (3) The adhesive (No.1l) Boison Kmwbi-Kit has
the highest Performance.
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