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This paper proposes a simple and effective method for determining the dynamic .
o ) o ) . ) ] revolution shell
characteristics of revolution shells. This is a weighted residual method in which the o
. . ) dynamic vibtation
collocation points are taken at the roots of orthogonal polynomial. .
. . . . . . collocation method
In this paper the collocation method is employed to replace a partical differential -
integro

eqations by a system of ordinary differential equations in time, and the resulting . & . .

. . ) ] ] ] differential equations
equations are solved by two different numerical methods of time integration : an

implicit method and an explicit method.
The proposed approach is formulated in some detail. The versatility and accuracy are
illustrated through several numerical examples. The method appears to be relatively

easy to set up and gives satisfactory results.
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Fig. 1 Typical shell of revolution.
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Fig. 6 Cylindrical shell under wind loading and division into elements along meridional coordinate.
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Table. 1 Results for cylindrical shell under wind loading by using different types of division

Height Bact Model No.
above base 1 2 ‘ 3 4 5
(a) Normal displacement. WZEh/ oa’
0.00L 0.0 0.0 0.0 0.0 0.0 0.0
0.05L 19.845 18.437 20.191 19.859 19.859 19.859
0.10L 33.354 35.285 32.968 33.329 33.354 33.354
0.40L 188.369 187.339 188.502 188.369 188.367 188.369
0.50L 258.999 258.386 259.033 258.999 258.999 258.999
0.70L 413.152 412.263 413.218 413.185 413.175 413.181
0.90L 572.152 571.496 572.232 572.136 572.180 572.153
1.00L 652.576 652.211 652.571 652.579 652.514 652.576
(b) Meridional stress resultant, /V, /oa
0.00L 31.972 31.953 31.974 31.971 31.972 31.972
0.05L 29.079 28.903 29.109 29.085 29.080 28.080
0.10L 26.165 26.236 26.123 26.166 26.163 26.163
0.40L 11.730 11.950 11.689 11.730 11.730 11.730
0.50L 8.143 7.849 8.142 8.143 8.143 8.143
0.70L 2917 2.932 2918 2916 2917 2917
0.90L 0.326 0.325 0.325 0.325 0.326 0.326
1.00L 0.0 0.0 0.0 0.0 0.0 0.0
(c) Meridional bending moment, Mz/ oa’
0.00L -0.0200 -0.0241 -0.0200 -0.0200 -0.0200 -0.0200
0.05L 0.0012 0.0027 0.0017 0.0011 0.0012 0.0012
0.10L -0.0038 -0.0004 -0.0003 -0.0025 -0.0039 -0.0039
0.40L 0.0007 0.0022 0.0007 0.0007 0.0007 0.0007
0.50L 0.0011 0.0012 0.0011 0.0011 0.0011 0.0011
0.70L 0.0021 0.0035 0.0022 0.0021 0.0021 0.0021
0.90L 0.0032 0.0042 0.0031 0.0032 0.0032 0.0032
1.00L 0.0 0.0 0.0 0.0 0.0 0.0
(d) Effective shear force, 7,/ oa’

0.00L -0.6470 -0.8292 -0.6386 -0.6470 -0.6470 -0.6470
0.05L 0.0335 0.0760 0.0356 0.0370 0.0334 0.0334
0.10L -0.0040 -0.0132 -0.0076 -0.0044 -0.0038 -0.0038
0.40L -0.0070 -0.0180 -0.0074 -0.0070 -0.0070 -0.0070
0.50L -0.0081 -0.0065 -0.0080 -0.0081 -0.0081 -0.0081
0.70L -0.0091 -0.0082 -0.0099 -0.0082 -0.0091 -0.0091
0.90L -0.0095 -0.0141 -0.0086 -0.0095 -0.0095 -0.0095
1.00L 0.0 0.0 0.0 0.0 0.0 0.0

MSRE TS0 a7

N 1 1/2
M.SR = [Ezi / R,Z(f)dx} 47)

i=1

A7 1, B R 27 (i) 849 A 2ol @ 33

L F7hsta A@e)el pl) e 12 A I n=01

ol M3k g geloz AJFA No. 6
(N=2, gdoA 122 £} No. 7(N=3, 11122
o800 blall A AAIEH .
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Fig. 8 Meridional bending moment and effective shear force at clamped end.
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Fig. 10 Dynamic responses of spherical cap; (a) normal displacement at apex(lin=2.54cm);

(b) meridional stress resultant at clamped end (1lb/in.=1.752N/cm)
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Fig. 12 Dynamic responses of cylindrical shell; (a) nomal displacement at free end

(b) meridional bending moment at clamped end.

138



S. J. Park - Journal of the Korea Society of Disaster Information Vol.10 No.4 pp. 123 - 140, 2014

2 agel lA5e) 5 FDMe) Wlashd 1/4 32 25 ok ooz QYA hid AT
2 Sl 5 n=0129] U AYALE o 130201 o] AR AW vwshe 1/3 FE2 BE5 Yk

W@ FAAE BE B4 A, HF2A L AARAN U o) FoIAAW, Al By fEYL A
o sjete] Hglek BeE.

6. 22

of haljA Al o FF el oitstel i FaES A=A 4

28kl QAME ojitst Fof AFAY B At B ARG A AF@Eo] AAHoE wjA = A
B ol g FAAAE FHEA B okl FHEAl e Ao S FEoln, B sl tig
23k Zé%il‘zit}. &3t 01*&5}01] g TAIEY] RO HAoRX HEsAAE MR Hlu HESNS

4

2E |
A4 a1~ Qge 2L bl’“blg% o33 #Zo] Hrt
a, =b/s*, ay =ray, ay=—"bvryry +1°/8* +vn®/2r)— kri (*/s*+n*/vr?)

ay = n(1/2+ krlrg)/ulsr,% =— rn(bl/6/2+ kr1r2u2/ul)/s, ag =— b(rl + W’2)/57 kry (7‘2/52 +n2/1/17"2)/3

a; =— b{r’l +7‘(r1 — 7‘2)}/8+ krn2r11/2/1/187“2, ag =— rl/s, ag =—v,rr, /8, ayy =— ay
a;; =—nibryg/2+ k(r'lrg +rrravy /vy } s — kryry (r*/s*— rg)/ul

Qyp =— knT’Q/I/]’/'S2, ayg = v rays, aj; = bn(vr, +ry)/r—knry (ryry /v, — n*/r*)/r

a1y =— vnry/r, Q19 = b(r, +vry)/s+kr, (r*/s* + 2n2/sulr2)

Gyy = br(rl + 1/1"2)/5 + k:r'1 (7’2/53 + 2n2/sulr2)— krry (21"11"2 + 7’2/32 —-n 2/1"2)/5, a9, = 2ay;
A9y = km‘(u3r2 —2r )/U182’I“, Gy3 = bn(url + 7“2)/7“+ kn3r2/r3+ lm{r2 (V37'1 — 2u2r2)/32 — r17‘§V3 }ulr

Aoy = k() s* + 2n2/1/1r2)/52, Qoy =— kr(2n2/1/1r2 +2riry — r/s?)/s?

5

Qo =— b(r? + rg + 2uryry )= knt/rt 4 kn? (1/37“17”2 + 27"21/2/32)/1/17“4
Gy = 1/52, Qyg = rz/5/52, Q99 =— I/TL2/’)”2 — YTy, gy = bk:?"l/s, as, = bk(r,l +m"r1)/s
Qg9 = bk‘nWZ/r, Qg3 = bk/s?, Qg4 = TVQ33, Qg5 =— bkvn?/r?, as6 =1

b, =b/s, by, =brv/s, by =bnv/r, b, =—0b(r,+vry), bs =—n(1+2kr;r,)/2v;r

be = (1+2r3)/2vys, by =—rbg, by =— knry/sv,r, by = knrry/sv,

by = kry (r*/s* 4+ 2n*/vr?), by, =—2knry/svyr, by = Tv3by1/2

by = k(r?/s* +2n*/svr?), by, =— kvgrn®/svr®, by =1/s

big =rv4/s, bz =11, big =Dy

714

b=1/1-1*), k= (h/a)*/12, vi=1+v, v, =24+v, 1y=3+v, vy=1—v, Vs=2—V, Vg, =3—V

139



Journal of the Korea Society of Disaster Information. Vol.10, No.1, pp.123 - 140

zAle| 2
o] =& JdAUgw 2013d = AAATH] A Yol 3t 33k Ao Z oo FAL=HYTh
References

Reismann, H. and Modige.] (1998) “Forced motion of cylindrical shell” Proc. of ASCE, Vol. 94, No. EM5, pp.1167~1182

Budiansky, B. and P.P.Radkowski(1983) “Numerical Analysis of Unsymmetrical Bending of Shells of Revolution”
AIAA J. Vol. 1, No. 8

Johnson, D.E. and R. Grief(1988) “Dynamic Respnse of a Cylindrical Shell; Two Numerical Methods” AIAA ], Vol.
4, No.3, pp.486~494

Smith, T, A.(1990) “Explicit High-Order Finite-Difference Anlysis of Rotationally Symmetric Sbells” AIAA ], Vol. 18,
No. 3, pp. 309~317

C. DeBoor and B. Swartz(1983) “Collocation at Gaussian points” SIAM ]. Number. Anal. 10, pp.582-606

Langhaar, H.L. et al.(1990) “Stability of Hyperboloidal Cooling Tower” Proc. of ASCE, Vol. 96, No. EM5, pp.753~779

Stoneking, J. E. and A. P. Boresi(1995) “A Theory for Free Vibration of Orthotropic Shells of Revolution” Nucl, Engng
and Des, Vol. 14, pp.271~285

Langhaar, HL. and S.C.Chu(1998) “piecewise Polynumials and the Partition Method for Ordinary Differential
Equations” Development in Theoretical and Applied Mechanics, Vol. 8, Pergamon Press, pp. 553~564

Sharma, SK. and A.P. Boresi(2003) “Finite Element Weighted Residual Methods; Axisymmetric Shells” Proc. of ASCE,
Vol. 104, No. EM4, pp. 895~909

Novozhilov, V.V.(1979) “The Theory of Thin Shells” P. Noordhoff

Finlayson, B.A.(1992) “The Method Weighted Residual and Variational Preinciples” Academic Press

Prenter, P. M.(2007) “Splines and Varuational Methods” John Wiley & Son

Abramowitz, M. and LA. Stegun(Eds.)(1991) “Handbook of Mathematical functions” dover Publications

Timoshenko, S.P. and S Woinowski-Krieger(1959) “Theory of Plates and Shells” 2nd ed., McGraw-Hill

Greebaum, K. : Comments(1984) “Numerical Analysis of Unsymmetrical Bending of Shells of Revolution”, AIAA J,
Vol. 2, No. 3, pp. 590~591

T. Hamanoto and Y. Tanaka(1999) “Dynamics of fixed offshore cylinderical shell structures” Trans. All 291,
pp.129~141.

Gopalacharyulu, S. and D.J. Johns(1993) “Cantilever Cylindrical Shells under Assumed Wind Pressures” Proc. of
ASCE, Vol. 99, No. EM5, pp.943~956

Klein, S. and RJ. Sylvester(1995) “The Linear Dynamic Analysis of shells of Revolution by the Matrix Displacement
Method” Proceedings of the 1st Conference on Matrix Methods in Structural Mechanics, AFFDLTR-66-80, Wright
Patterson AFB, Ohio, Oct, pp.299~328

Chan, S.P. et al.(1982) “Transient Analysis of Forced Vibrations of Complex Structural-Mechanical Systems” J.R.
Aeronaut. Soc., Vol. 66, pp.457~460

Houbolt, J. C.(1990) “A Recurrence Matrix Solution for the Dynamic Response of Elastic Aircraft” ]. Aircraft, ].
Aeronaut. Sci., Vol. 17, pp. 540~550

Stricklin, J. A. et al.(1999) “Improvements o the Analysis of Shells of Revolution by the Matrix Displacement Method”
AIAA ], Vol. 4, No.11, pp. 2069~2072

140





