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Abstract: Based on the symplectic superposition method (SSM) pioneered by the authors, the buckling prob-
lem of typical non-Lévy-type orthotropic cylindrical shells was solved analytically, which is difficult to handle
with conventional analytical methods. The Hamiltonian system-based governing equations for buckling of ortho-

tropic cylindrical shells were firstly established based on Donnell’ s shell theory. The original problem under
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non-Lévy-type boundary conditions was then divided into 2 subproblems, and each subproblem was solved with
the mathematical techniques incorporating separation of variables and symplectic eigen expansion within the
Hamiltonian framework. The analytical solution of the original problem was finally given through the superposi-
tion of the sub-solutions to satisfy the boundary conditions of the original problem. The numerical examples un-
der consideration show that, the SSM-based analytical solutions are in good agreement with the finite element
results. In addition, the effects of parameters including the length and the thickness on the critical buckling
loads were quantitatively studied. Compared with the conventional analytical methods such as the semi-inverse
method, the SSM works based on rigorous mathematical derivation without any assumption of the solution

forms, and can obtain reliable analytical solutions to more similar issues.

Key words: orthotropic; cylindrical shell; buckling; symplectic superposition method; analytical solution
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Fig. 1 Schematic diagram of a cylindrical shell
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HAHEUEYE A E, = 128 GPa,E, = 11 GPa,v,, = 0.25,6G,, = 4.48 GPa.

&1 N St 2 Ao i O SR AR 9, BRS04 T 1 IR A S g RS 5 30 ) R DR ATR] (a =b =R =
1 m),6 43525 0.01 m F10.005 m 55K 7EPIANEEE S A 1A 245 AR O 20 WAL 5 7 A 508K
F(RIOAREAE ) , RSO RS 20 W FET RIS E AR H . o TSGR Pl = nTHEXT B AT A R K
ARSCHTHR R S5 BRICH M ABAQUS 3 8] 19 25 A1 L, Hoh A BR T i S 8 IR An N & . R S4R
BIL, AR /N R Fe i/ INTT N RS 1/100.38 2 F13E 3 0B /R TR SE R T E R RESE 0 i #h 2567, 24 6
= 0.01 m B, ASCEE R 5 FRITHI 22 MIEIHE 5% AT ;24 8 = 0.005 m B, 544 FRICHI 22 78 1% LA, BiF
T A SCARAT A AR 0 IE A PR BR AR B i 2T 2 A A SO TR AR B T DRSS Y B AR R BT R,
Pla=b=R=1m,5=0.005 m WIEIFESE RG], 5 3 450 T AT B E s 50 ROTEE R xs L, 25 58 e B

W&,
®1 a=0b=R=1ml IFORFEFEH Bt 88 rEHERT R (B4 kN/m)
Table 1  Convergence of the 1st 10 buckling loads on the cylindrical shell witha = & = R = 1 m (unit; kN/m)
number of mode
8 /m
series terms 1 2 3 4 5 6 7 8 9 10
10 12202 13925 1501.8 1531.1 1830.1 1887.1 19868 2049.8 2201.7 2286.1
1 20 12202 13925 1501.8 1531.1 1830.1 1887.1 1986.7 2049.8 2201.7 2286.0
30 12202 13925 1501.8 1531.1 1830.1 1887.1 1986.7 2049.8 2201.7 2286.0
10 285.61 300.36 307.11 322.16 367.86 374.32 383.09 385.92 406.60 430.85
0.05 20 285.61 300.35 307.08 322.16 367.86 374.30 383.07 385.91 406.58 430.84
30 285.61 300.35 307.08 322.16 367.86 374.30 383.07 385.91 406.58 430.84
mode 1
FEM @
mode 6
FEM
present

B3 JFH S AT B s

Fig. 3 The 1st 10 buckling modes of the cylindrical shell
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Table 2 The Ist 10 buckling loads on the cylindrical shell withd = 1 mandé = 0.01 m (unit; kN/m)
mode
a/m R /m method
1 2 3 4 5 6 7 8 9 10
| FEM 12183 13668 14737 15105 1789.6 1869.8 1988.4 1990.6 2129.8 2209.1
present 12202 13925 1501.8 1531.1 1 830.1 1 887.1 1986.7 2049.8 2201.7 2286.0
| ) FEM 757.89 831.37 1091.2 11179 11654 1240.7 16468 1792.0 1826.1 13852.6
present 765.18 835.57 11140 1138.6 1182.1 12685 16853 18625 1899.7 19114
0 FEM 460.16 607.93 876.33 955.33 1093.4 11642 1601.8 16499 1729.0 13809.0
present 465.05 614.49 897.36 978.51 11082 1191.8 16395 17204 18028 13867.2
| FEM 10747 1089.4 11403 1169.6 12498 1363.0 1377.4 14728 1569.4 1580.9
present 1091.5 1093.6 11544 11854 12593 1373.8 1401.7 1500.8 1596.8 1609.9
5 5 FEM 580.60 630.27 667.79 766.72 838.42 842.57 902.04 903.58 935.23 965.62
present 584.52 635.65 668.25 767.03 843.13 850.34 913.12 914.70 947.30 975.79
0 FEM 172.86 262.98 413.54 460.57 468.95 663.31 721.07 752.43 815.28 852.77
present 173.45 264.58 416.49 465.46 473.21 674.36 727.81 765.29 824.88 863.90
£3 b=1m,6 = 0.005m,JFOREESERIET+ #2800 (2062, kN/m)
Table 3 The Ist 10 buckling loads on the cylindrical shell withb = 1 mand$ = 0.005 m (unit; kN/m)
mode
a/m R/m method
1 2 3 4 5 6 7 8 9 10
| FEM 284.75 299.42 306.74 320.64 366.45 372.05 382.91 384.16 407.24 429.56
present 285.61 300.35 307.08 322.16 367.86 374.30 383.07 385.91 406.58 430.84
| 5 FEM 154.95 174.48 188.02 192.21 228.72 237.54 252.14 255.64 274.23 284.70
present 154.94 175.10 188.71 192.72 229.59 238.04 251.97 257.08 276.15 286.74
0 FEM 63.880 79.045 115.44 123.84 139.42 149.47 204.84 215.42 224.94 232.71
present 64.008 79.224 116.00 124.47 139.74 150.21 205.71 217.29 226.92 234.12
' FEM 267.91 270.50 272.42 274.90 291.75 300.12 306.17 309.58 313.35 334.04
present 268.73 270.68 273.02 275.64 292.06 301.30 306.66 311.87 314.53 335.13
5 5 FEM 138.49 138.74 144.98 148.91 159.28 172.95 175.71 187.93 199.89 201.64
present 138.79 138.92 145.27 149.24 159.52 173.18 176.28 188.62 200.38 202.34
0 FEM 29.704 41.073 54.651 61.639 63.996 88.736 92.837 97.687 104.21 109.03
1
present 29.727 41.116 54.736 61.757 64.127 89.029 93.008 98.038 104.43 109.30
~ 15000F T ~ 1200 —=—¢§=0.005m 1
\E '\E —®"=6=0.0lm
Z L -1 Z [ L} -
= =
~ 10 000 ~ /
S S s : :
< < e
< <
K=l r . 2 /.
& 2 I = |
= = ——
g S000r a=4,2,1,0.5m T 3 400t ;
2 2
2 2 I —— I
13} ol i o ../l—./
1 1 L 1 0 1 1 1 1 L
0 0.01 0.02 0 0.2 0.4 0.6 0.8 1.0
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4 KRR, IF 0B SR A BS R IF O S
Bl B2 1) AR fR I 2 i 3R 1 28 e 2%
Fig. 4  Thickness-dependent critical buckling loads Fig. 5 Curvature-dependent critical buckling loads

on cylindrical shells with different lengths

on cylindrical shells with different thicknesses
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FI R TR it — 2 2 A BB RO TT 1 AL 52 T ih 25 SR 052 L K] 4 25 0 T 7R AS TRl B R TR E X
Il et Fh 2R A OS2 (B b = R = 1 m) AT LAFE 3], il o VB2 3 3 M S 4y 1) dd 336 R i LR 72 I K R B
B, X ASON BB N H L 1R 5 25 M T AP IEEE T MR 1/R Xl LA A2 (B a =b = 1 m) , TEHRE/ NS
SERTE ST T, Bl A Bh 2 a3, Xl W BE () ook insse | PRI 8 1 72 R 3R RE 1. R ES RaT Lk
T RS R PR f i i RS2,
5 44 1w

P T 155 e 2 42 o O R P R PRI, T I [ 50 9 A BT R A A 3l 2 — T EL A PR AR A it T T
Lévy 150 1E A8 45 1] ST 11 [R5 1 Jet il [ 880, SR figf xfE 3 TG B 25 it — 25 8 i AR ST Donnell SR #2119
FEARTTRE K, B T IEAE 45 a) SR IF 01 A 72 JE #H A9 Hamilton XHE 77 #8 , R FH 2 B 0 07 i, B Ji [l st 4%
o5 R B AR B SEARE TR AR 2 M R A , I AR i 2 s %) g 5 it I R Aot %) S M R A5 315G
TREE H B ST IR AN E T R AR T R 2 A 5 Mt 1 45 14045 320 Jet o 2307y A, 2 7 75 1R 7 1 e il .
TR H R = 6N B AT DR IR A FIR T BB X A SC2s SR A T T X R B , R Ik A1) A SC R e ot
TS RST X h 45 SR B 52 M N VAR AE SR AR R JC AU A B pR R, e T o iR B ER P E AN S Tk
KA A ) B 25T R ) SR A X .
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