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GEOMETRICAL NONLINEAR BEHAVIOR ANALYSIS OF SHALLOW SHELLS
WITH VARIABLE THICKNESS

FETHE* RE Y Wb g e
By Chihiro MORITA, Hiroshi MATSUDA, Takeshi SAKIYAMA and Masahide KAWAKAMI

In this paper, a discrete method is developed to study the geometrical nonlinear
analysis of shallow shells with variable thickness. The discrete solutions of partial
differential equations governing the geometrical nonlinear behavior of shallow shells
are obtained in discrete forms. By transforming the differential equations into integral
equations and applying the numerical integration, the discrete solutions can be obtained.
The nonlinear problems are solved by the iteration and the displacement incremental
procedure.

As the applications of the present method, geometrical nonlinear problems of
variable thickness shallow shells with three types shapes are calculated. The numerical
results obtained by this method are verified to be in good agreement the other solutions.
Moreover, symmetrical and unsymmetrical buckling behavior of shallow shells are
shown.
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Buos =uvps  Bur =76 Bps=vmwe  Bwe =4¥pz Bpo=pvpn Bpui=4vpe Bz =0 Bpz = uym
Cpota =/:y]’p02 + 1ypos + uKuvpo - Ry pro&u X w-Xea) - uKuy prs(Ku X ow-X )
Crozu =k:7p01 + UYpos + Kut poo - uKuy pr1(KuXoe-Xw) - 1K prs&u X - ea)
Copt =Ju(rpetyposX 1) Cposnr = ha(Uy por- vy ws+ 4y paXian-vX 121)  Cposkt = T (¥ pos-# VY por+ 1Y posX 13u-vX 1241))
Crosit = -¥p10 + 1Y p1oEuXw-Xew) + w7 praKuXow-Xw)  Cpoma = -vp09 + 17 p11(KurXow-Xm) + 1 p13Kur X wr-X o)
Crosu =I;x}’pll + /;prIZ + 2/:”}’;;13 Cooor =0 Cpum=0  Cpuu= (—2/;y+Jk1X3k1)}’po3 + Lowypa
Cpion = ('/;y'*'UIkI(X VX)) pos + Ly piz - Vowypn  Cpisk = (ot tha (X sps-vX i)V o3 + La?pa1 - VL wt¥ prz
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Trpd =[oel T (= 1~13,1=1~13)
o1 = -ﬂaj/;- O =B P =48 Oepo =-ﬁz'j1;y Py =uf; pwiz =B Pwo =B Poe = kG
o303 = Bl X1y Posos = 6Bl K2ipvXas)  Pmos = -ufyly KuipvXii)  Pou = By (X;y'JinSiD
pos1 = By lhy-tliy XapvXs)  Po1s = By (/E;AMIiJ' KspvXa)) o =-uB; oo =B Pwos = 4B Posor = -ufby
Posos = 1B Posas =B Posos = VBT Posos =-Biliy  Psw =B P =-#Bili;  Poes = VBl P = B
Msos = -Bylij  Posos = KB Posor =B Pwoz =-BiKy oo =B pws =B oo =-#B Ky Poos = 4B
pwos =i Pue = ubi Ky Ky XaXn) oo = wbi K XarXn)  Puos = ‘ﬁijlzx puw =4B;  puz = vHiLy;
P =Byl Poo = wbi Ky Ky XupXa)  Poos = -#b; Ky XuXa)  Proos = ‘ﬁijl;y P00 = Fi Priz =-ByLy;
P13 = VBiLyj  Puoo = WKy (KyXapXa) P = 46Ky (K XupXe)  puoos = 18 Ky XopXa))
Onor = -1y (Kinu,»Xa,') O1308 = ‘zk:yﬁij Pos = uf; P =P P =-fiLly »

apijfd—}; ZlﬂzkApt gy - A (3 - Ou)] + ’2 BitBpe [awaiga - auga (1 - 61)] + ;‘62 Bix Bit Cpma aaga (1 - 51051])}

13 i
bpijga = E {;} BixApt [bacga - Pajga(l - 6u)] + % Bi1Bpt (buaga - buga (1 - 8] + ; ;; B Bt Couna bariga (1 - (51a151,)}

t=1

B[
Agpiy = 2 { BorApe [Agno - Aguy (1 - 6] + ’}; BB [Aga - Agur (1 - )] + 2 2 Bk B Cot Aga (1 - 5;a511)}

t=1
% ; Bk BuAp Aqu
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