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The problem of the strer~sed state of an infinite box-like shell of rectangular profile is solved. The shell is reinforced by two absolutely 
rigid thin inclusions placed on opposite sides and parallel to the shell edges. This problem can be reduced [1] to that concerned 
with the joint plane and bent state of a plate with defects, the role of the latter being played by the shell edges and the inclusions. 
On applying a semi-infinite cosine Fourier transform the problem can be reduced to a system of two integral equations with 
respect to the jumps of I:he generalized transverse force and shear stresses, which has no solutions in terms of integrable functions 
[2--4]. The solution is sought in the space of functions having non-integrable singularities by applying regularization methods for 
divergent integrals [4]. Diagrams of the dependence of inclusion settling on the length of inclusions and the geometric dimensions 
of the cross-sections of the shell are constructed. 

We consider the problem of the stressed state of a box-like shell of infinite length and rectangular cross-section 
reinforced by two s3nnmetrically placed parallel inclusions. Concentrated forces are applied to the centres of the 
inclusions (see Fig. 1). 

The problem can be reduced [1] to solving the system of equations 

A2w(x,y)=O, A2ffx(X,y)=O, -a<x<b ,  x;eO, lyl<,~ (1) 

satisfying the conditions 

(x))  = ( x ~ , )  = (tp x ) = ( M x )  = 0 

(u)=-(w+ +w ), (w)=u+ +u_ 

(t~x)=-h-I[(Vx)+ +(Vx)_], (Vx)=h[(t~x)+ +(Ox)_] 

(2) 

on the shell edges, the symmetry conditions 

V v = t p y = a ~ = x x y = 0 ,  y = 0 ,  - a < x < b  

V x=tpy=u=xxy=O, x = - a ( l y l > c ) ,  x = b  

the conditions 

(3) 

(4) 

u(-a,y)=tpx(-a,y)=O, ~ ( - a , y ) = 0 ,  w(-a,y)=& lyl<c (5) 

on the inclusions, and the equilibrium conditions 

i Vx(-a,y)dy = - P  (6) 
--¢7 

for the inclusions. The remaining equilibrium conditions are satisfied automatically by symmetry, the displacement 
6 being unknown in advance. Here we use the notation of [1]. 

We introduce the unknown functions 

X(Y)= Vx(-a,Y), Ix(y) ='fxy(-a,y) 

which are non-zero only on the inclusion I Y I < c. 

(7) 
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Fig. 1. 

Applying the extended method of integral transforms [5], we arrive at a one-dimensional discontinuous boundary- 
value problem for Fourier transforms, the solution of which can be written in the form [1, 5] 

f~(x) = -ixakff (Oqx)- Xo~kx(a,x ) 
(8) 

k~(~,,,,)= + ' + + +:&~+C. o~R2 Gct ( x,-a ) - f 31.t T O Ga 

,~. (a, x) = - f ; .  To- c .  + fo-. r~- o,~ 
+ ~ + + + + 

k s (Ct,x)- -f3zT(~ Gct +foxT.~ Ga 

k~ for, x) = O -1Ga (x,-a) - f.~Xrf Gct + f~x~-Gtx 

(9) 

H e r e f ~  (j = 0, 3) is the solution of the system of linear algebraic equations 

1 0 -c33 Go 
0 a-4D -Cos C~o 

-C~3 C*o - , : 0  0 
-C~3 C~o 0 1 

C~j + + + = HTT~[G ~ ] 

f3+x = O-HoGct(x,-a) 
fox o (10) 

and.f~ (j = 0, 3) is the solution of (10) with fight-hand side 

+ T 

I0, O, (~-l.~R~Gct(x,-a), -ctH~R2GoL(x,-a)l (11) 

where Ga(x, ~) is Green's function of the boundary-value problem 

L2u(x) = 0, u'= u ' "  = 0, x = - a , b  (12) 

To find the unknown functions Z(Y) and Ix(y) we use the conditions of [5], the first two of which are satisfied 
automatically by the dfoice of Ga(x, ~), and the last two of which lead to a system of two integral equations for 
the desired functions. We separate the singular parts in the kernels of these two equations using the integrals 



T h e  stressed state of  a re inforced  box-like shell 

c o s a y s m a y ~  = In 

~[cosat_O(A_oo+la2t2e-~]da=lt21nl t l_t2(3+linb) .~ 1 
0 k 2 .1 0~ 2 2A 3 

,4 = const > 0 

the latter being obtained by integrating the improper integral 

~ e-ab-c°satdo~=lnltl-lnb, b > 0  
0 

twice with respect to ,.~. As a result, we obtain a system of integral equations of the form 

-[l [ (Y-'fl)21nly-rll 0 I [  X('fl) [ 0  In 1 drl÷ 

-1 ly_rll g(tl) 

II I1 I! I +S KI 1 (Y','q) KI2 (Y,'q) X('fl) 4XD8 
--1 K21(y,.q) K22(Y,~ ) g(rl) dq 0 

KII (Y,~) = A-2 - (y_  r l )2(~ + lnb) + 

+'i [kl 1 (¢0 cos o~y cosl~q + 20~-30(A - 0c) + 0t -1 (y - .q)2 e-ab ]dc~ 
0 

KI2(Y,~I)=~ kl2(Ot)cosctysinotrlda, K21(y, rl)= ~ k21(a)sinotycoso~dot 
0 0 

ki l (° t)=4 - 20t LGa(-a'b)+Ga(-a'b)] e-a(a+b)+D[f~zwa3-f~waO] 

kl 2 (o0 = 4D[fol~W23 - f.(lxwa0 ], k21 (¢t) = -21c -1E[f~x~)a3 - f3x~JaO ] 

k22 (a) = - ( 3 -  v) -I {[4- (1 + v)0~(a + b)]LG a (-a,b) + 2(1 + v)a2Ga ( -a ,b)}-  

-21c-1E[f0+tt Da3 + -f.i~ao], 
w,~i = TT[Ga(-a,t)], uai =(-a3E)-l R~Ti+Va(-a,t)], j=O,3 

819 

(13) 

(14) 

As was shown in [2-4], the first of integral equations (14) has no solutions in terms of integrable ftmetions. There it 
was proposed to seek the solution in the spa~ of functions having non-integrable singularities of the form (1 - y2)-~ 
and to use regularizafion methods for divergent integrals. 

We will use the method of orthogonal polynomials [5] to solve (14). We seek g(y) as a series in terms of Chebyshev 
polynomials of the first kind and X0') in terms of polynomials of a special form xn(y) [4] 

g(•)= ~ P-t T2t+'Oi~) X(n) = ~. Xt~2,(rl) (15) 
t=0 (1-112) ~ '  l=0 

. _ 3  _ 3  

~o(t)=(l-t2) -~, ~2n(t)= 2~/~'(2n)tP2n 3~' 3~(t ) 
F(2n-~)(I-t2) ~ 

As a result, we obtain an infinite system of linear algebraic equations for the coefficients of the expansion (15). 
Substituting (15) into the equilibrium conditions (6) and taking (7) into account, we find that 

P 
5 = ~ (16) 

2~F00x0 

where ~ is a solution of the algebraic system obtained for 8 = 1. 
0 1 In Fig. 1 we show graphs of the inclusion settling 8 = 5EhF as a function of the inclusion length c/a for 

v = 0.3, h/a = 0.01 arid various a/b. For c --* 0 the inclusion settling approaches the deflection obtained under the 
point where the force is applied in the problem of a shell loaded by two symmetric concentrated forces. 
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