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STRESS ANALYSlS IN WELDED BUTT JOINTS

0.S. Yahsi* and E. Aydin*

In this study 3 symmetrc contact problem of strips containing
cracks is considered. Three strips are perfectly b_onc}cd overa
finite length and are assumed 10 be isotropic- Uniaxial tension

is applie the middle strip @ from the contact Tegion
Integral transfo to reduce the problem 10 a system
of singular integral uations of econ The contact

stresses an correspond'mg stress intensity factors are
evaluated and presemed for various strip geometries and
material combinations-

Within the past two decades, problems of bonded dissimilar materials and load
transfer problems in strips have attracted considerable attention. Since many

region. However, the contact stresses that they obtained had a square root
singulanty without oscillation at the edge of the bond region; their solution therefore

crack tip. In @ recent paper by Yahsi and Yazicr [4) the contact problem for two
bonded dissimilar homogeneous elastic strips is considered. In this study, the lower
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strip was assumed to have two symmetric cracks perpendicular to the interface and
subject to uniform tensile stresses far from the contact zone.

In this study, three symmetric isotropic strips are considered. Three strips
are assumed to be perfectly bonded to each other through a finite length as shown in

Fig. 1. The middle strip containing a pair of symmetric cracks is subjected to a
uniform tensile stress far from the interface.

To solve the problem, the stress and displacement fields of an elastic infinite
strip are obtained from the plane elasticity equations for an isotropic material by
using Fourier transform techniques and a crack solution and a constant uniform
stress solution is added to the middle strip solution. Finally, by using the
appropriate boundary conditions the problem is reduced toa system of singular
integral equations of the second kind.
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Figure 1 Geometry of perfectly bonded infinite strips.

Consider a strip of thickness 2hz and elastic constants iz, K2 bonded to two
infinite strips of elastic constants iy, Ky (Fig. 1), where K; = 3-4 v; for plane

strain and Xj = 3B-vy / (1+v;) for generalized plane stress, Vj (j=1,2) being the
Poisson's ratio. Thus, x = hy is a plane of symmetry and the boundary and
continuity conditions may be cxpressed as
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QY] 1)
Gxx('h\’y)‘:ny('h\’y):O’ ol Yoo (1a,b)
m @)
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w )
Oyy (0,y) = Oxy oy = Gy (), - <y<e (32,0
@
G,y (29 =0> LD qay)=0, =<V )
m 2)
?i‘__((_)’—y)— = w— 5 es\y\Sf, i=1,2, r1=u, r2=v (53,\))
ay oy
@)
Oy (x,‘_*:a)=0', j=%xY5 c<x<d (6a,b)
where Gi(Y) = 0, (= 12), Wi<e or W>f Q)

In (1-6) and for the remainder of this section the superscripts (1) and ?2)
refer to the upper and middle strips, respectively-

Using the expressions given in (5] for an infinite plane for a pair of point
dislocations with densities f, and f2 located at the point (Xo» YO and defined by

—aa— P (xo0) - D (x, 001 = £ Seexg,i=1,2n=v =" (8a,)
X

and standard Fourier transforms, the displacement and stress fields for the upper
and lower strips can easily be obtained as given in 5]

Instead of dislocations if the middle strip contains cracks along c <X < d,
yo=%2a= constant, as shown in Figure 1, under @ given set of surface tractions as
stated in the equations (6a,b), by integrating the solution found for dislocations one
would obtain the solution for the cracks.

By using {he stress and displacement equations for the middle and upper
strips given in [5] and the boundary conditions (1-4) and equations (7) and (8a,b)
all the unknowns of the .problem can be expressec_l in terms of fi(x), Gi(y)» (i:l.,l)

displacement expressions obtained in terms of fi(x), Gi(y)» (i=1,2), into the
continuity conditions (5a,b) and the crack surface pboundary conditions (6a,b) one
would obtain the system of four singular integral equations given in 5] to
determine the functions f,(x) and Gi(¥)» (i=1,2)-
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By extending the cracks to the upper and lower boundaries of the middle
strip (i.e. ¢ = 0, d = hy) the problem can be reduced to a butt joint under the effect
of uniform stresses. For this case by introducing the following substitutions into
singular integral equations given in [5],

x=05hy(1+1), l<t<+l, (%a)
t2=05hy (1+p), -l<p<l1, (%b)
t1=05(+e)+0.5(f-¢e) &, -l<E<l, (%)
y=05(+e)+05(f-¢e)7, -l<n«<l1, (9d)
¢ @) =Ga) +iG1(§) , W(®) =fi(¥) +ifa(1), i=VT ; (10a,b)

these singular integral equations are reduced into the following form:

1+ 4@) + =
w><n>+gf_1 ad&f_l (W) Ky 1P, M) + w(p) K, £p, M)} dp
(11a)
+1 -
[ OOKE W+ 6O Ki& M) dE=hy (), 1<n<l,

+1 +1 oy
| YO Kap. 9 dp+ [ T (W0) Koo, ) + WP Kanlp, D) dp

(11b)
+1 -
+f1 (08 Ky3(E, ) + 0E) K&, D) dE=hy (1), -1<t<1,

where the expressions of kernels Kjj (i=1,2, j=S, 1,2,3,4) and known functions
hi(m) and hy(t) are given in [5].

NUMERICAL RESULTS AND DISCUSSION

The singular integral equations (11a,b) can be solved with the conditions

1
ven=o, [ e@a -22*2 (122,6.0)
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by using the method given in [5], where the solution of equations (lla,b) are

approxima\ed by
oy B1 ) B2
om=F m) a-n) a+m) Vv ©®=R® 19 (1+9) (13a,b)
L 15 - 1 1+,
where &) =7 "1 fy=mg i 0,=B2="7" 0= 2“log( - (14a,d)

and the unknown functions F(n) and R(7) are approxlmmed bya series expansion

of orthogonal polynomials with unknown coefficients.

By using the following definition of stress intensity factor

(@ - k@) = 7 -1 e-0P1(61-16D (15)

t—¢

and equation (133) the normalized stress intensity factors can be obtained as

follows:

ky(e) - koe) =% E%'D—, k() - koD =% S (16a,b)

o o

Figures 2-5 give the first and second mode stress intensity factors, K1 and ko,
versus e/h1, respectively, for different material combinations of aluminium an
steel. In the numerical calculations for plane strain, the following material constants

are used.

aluminium : Ha = 26.32 GPa, Va = 0.33
steel THs = 80.77 GPa, Vs = 0.3

From these figures, it is seen that at y=¢ first mode stress intensity factor
increases with the increase of e/hy ratio. On the other hand, as expected, it 1s
decreasing with the increase of e/hy ratio at —f which is the closest end to the

applied tensile stress. In general, first mode stress intensity factors decreases as the

contact length increases.

It is also found that the material dependence of ky is much more stronger
1hanoflk1,and second mode Stress intensity factor increase with the increase in

contact length.
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Figure 2. First Mode Stress Intensity Factor Ra
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Figure 3. First Mode Stress Intensity Factor Ratios at the Contact End (y=f) of
Perfectly Bonded Infinite Symmetric Strips (hy/h=0.5, (f-e)/hy=0.5, c=0).
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Figure 4. Second Mode Stress Intensity Factor Ratios at the Contact End (y=e) of
Perfectly Bonded Infinite Symmetric Strips (ho/h;=0.5, (f-e)/h;=0.5, c=0).
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Figure 5. Second Mode Stress Intensity Factor Ratios at the Contact End (y=f) of
Perfectly Bonded Infinite Symmetric Strips (hy/h1=0.5, (f-€)/h1=0.5, c=0).

978



