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Fig.1 Profiles of the distribution of the elastic modulus E in the thickness direction (continued)
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Table 1 Critical buckling load of homogenous cylindrical shell, ge: x 10%, for different values of § and I/R (v = 0.3)

/R

5 Eq.(21)
25 45 65 85 105 125 145

200 1.7485(3) 1.2913(2) 1.0303(2) 0.9512(2) 0.906 1(2) 0.8804(2) 0.8644(2) 1.0322

400 0.7682(3)  0.5637(3) 0.4502(2) 0.3725(2) 0.350 6(2) 0.3328(2) 0.3217(2) 0.3650

600 0.4505(4)  0.3311(3) 0.2930(2) 0.2340(2) 0.207 4(2) 0.1928(2) 0.1838(2) 0.1986

800 0.3138(4)  0.2311(3) 0.1979(3) 0.1696(2) 0.1456(2) 0.1328(2) 0.1250(2) 0.1290

1000 0.2400(4)  0.1770(3) 0.1471(3) 0.1345(2) 0.1122(2) 0.1005(2) 0.0925(2) 0.0923

E: 355 IR AR EOCA J 1) J R e TR R R A ]

Note: Numbers in brackets are the circumferential wave numbers of the buckling modes; the same notation is used in the

following tables.
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Table 2 Critical buckling load, ge: x 10*, for different values of k and /R (v1 =v2=0.3)

k /R
10 20 30 40 50 60
0.2 0.6528(5) 0.4528(4) 0.369 1( 0.3178(3) 0.294 4(3) 0.264 6(2)
0.4 0.7175(6) 0.498 1(4) 0.4077(3 0.3490(3) 0.3224(3) 0.2940(2)
0.6 0.7800(6) 0.5427(4) 0.4458(3 0.3798(3) 0.3499(3) 0.3231(2)
0.8 0.841 8(6) 0.586 8(4) 0.4836(3 0.4103(3) 0.3711(3) 0.3520(2)
1.0 0.903 1(6) 0.6305(4) 0.5211(3 0.4404(3) 0.4041(3) 0.3806(2)
1.2 0.964 0(6) 0.6740(4) 0.558 3(3 0.4704(3) 0.4309(3) 0.4091(2)
1.4 1.0246(6) 0.7172(4) 0.5954(3 0.5002(3) 0.4575(3) 0.4375(2)
1.6 1.084 8(6) 0.7602(4) 0.6323(3 0.5299(3) 0.4840(3) 0.4658(2)
1.8 1.1449(6) 0.8031(4) 0.669 1( 0.5595(3) 0.5104(3) 0.4940(2)
2.0 1.204 8(6) 0.8459(4) 0.705 §( 0.5890(3) 0.536 7(3) 0.5222(2)
4
4.0 x10 5.0 X 104
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(a) Linear variation of the elastic modulus
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(b) BPEBL LA 2% 1k

(b) Parabolic variation
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Bl 2 ANIF] K ARG S AT ger x 10* B 6 IOARMG IR (I/R =50, 8= 0.6, 11 = v2 = 0.3)
Fig.2 Curves of critical buckling load, ge, x 10%, versus & for different values of k (I/R = 50, 8 = 0.6, v1 = v = 0.3)
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Fig.3 Curves of critical buckling load of the FGMs cylindrical shell,ge; x 10*, versus 6. (I/R =50, 3 =1, v1 = v2 = 0.3)

%3 FE k5 EHIEFREFE gor x 10* (I/R =20, 3=0.8, 11 =13 =0.3)
Table 3 Critical buckling load g, x 10* for different values of k and § (I/R = 20, 8 = 0.8, v1 = vz = 0.3)

5 k
0.1 0.2 0.4 0.6 0.8 1.0
30 15.638(2) 16.143(2) 17.137(2) 18.113(2) 19.074(2) 20.023(2)
50 8.5597(2) 8.866 6(2) 9.4772(2) 10.068(2) 10.657(2) 11.239(2)
100 3.746 5(3) 3.8589(3) 4.0795(3) 4.295 6(3) 4.5079(3) 4.7171(3)
200 1.5370(3) 1.5880(3) 1.6884(3) 1.7871(3) 1.8843(3) 1.9803(3)
300 0.9619(3) 0.996 6(3) 1.0559(4) 1.111 5(4) 1.166 2(4) 1.2200(4)
400 0.661 2(4) 0.681 5(4) 0.721 5(4) 0.760 7(4) 0.799 1(4) 0.837 1(4)
500 0.4954(4) 0.5111(4) 0.5420(4) 0.5873(4) 0.6022(4) 0.6316(4)
600 0.3942(4) 0.4070(4) 0.4324(4) 0.457 3(4) 0.4817(4) 0.5059(4)
700 0.3269(4) 0.3379(4) 0.3595(4) 0.3807(4) 0.4016(4) 0.4222(4)
800 0.2796(4) 0.2891(4) 0.3080(4) 0.326 4(5) 0.3424(5) 0.358 3(5)
900 0.2430(5) 0.2504(5) 0.2650(5) 0.279 2(5) 0.293 2(5) 0.3070(5)
1000 0.2119(5) 0.2184(5) 0.2311(5) 0.2436(5) 0.2559(5) 0.2679(5)
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ELASTIC STABILITY OF CIRCULAR CYLINDRICAL SHELLS WITH FGMS
LAYERS UNDER END TORSION FORCE Y

Li Shirong® 2 Wang Shuang’
(School of Civil Science and Engineering, Yangzhou University, Yangzhou 225127, China)
(School of Science, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract By using semi-analytical method, elastic stability of a simply supported FGM sandwich circular
cylindrical shell under torsion loading was studied. The inner and outer layers of the shell are comprised of
the same homogeneous and isotropic material, and the middle layer is made of an isotropic functionally graded
material whose properties varies continuously in the thickness direction from the inner layer to the outer layer,
and keeps continuation in the material properties of the interface. Firstly, based on the Fliigge thin shell
theory, the governing equations for static buckling of the structure in terms of displacements were formulated.
Secondly, by introducing the displacements in terms of trigonometric functions that identically satisfy the
boundary conditions, an eigenvalue problem for linear algebraic equations including the torsion force parameter
is obtained. Finally, critical buckling load characterizing the features of instability of the structure were obtained
by numerical method. The numerical results show that the buckling load decreases with an increases in the
radius to thickness ratio, and increases with an increase in the average value of Young’s modulus of the FGM

middle layer.

Key words functionally graded materials, sandwich circular cylindrical shells, elastic stability, critical buckling

load, torsion buckling
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