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STATIC AND DYNAMIC ANALYSIS OF SHELLS OF REVOLUTION
USING THE COLLOCATION METHOD IN SPACE DOMAIN
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—— Axis of revolution

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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Eq. 11-a; (b) Eq. 11-c.

IVWEERELNE. ZORLEDT, BTIRERS B
BLURE A Y — v ORORBEICRETEESE, T
RikE MSR) omE»LBRNTS.

MSR. kR bhs.

Table 1 Results for cylindrical shell under wind loading by N 12
using different types of division. NLS-R-=EZ1 ZijoRiz (&H)de ]
f
Height Model NO. i ireesrerrareenannee 4n
Exact .
above base 1of o2 | s | e 5 rzig, L BXUR I, ThER (O ER
(a) Normal displacement. WE#h/oa? @;ﬁﬁ@ﬁé 3;0&%13})5 . %{‘%biﬁﬁfﬁ@
0.00L 0.0 0.0 0.0 0.0 0.0 0.0 BB E iz, Hiteiz No. 6 (N=2, Em
0.05L 19.845 | 18.437 | 20.191| 19.853 | 19.859 |  19.859 PN
0.10L 33.354| 35.285| 32.968 | 33.320| 33.354| 33.354 &P 1:2 THED & No. 7 (N=3,1:1:2
0.40L 188.369 | 187.339 | 188.502 | 188.369 | 188.367 | 188.369 TAE) F ANz, 7t 46) ® p,M ¥ 1 LEE,
0.50 L 258,999 | 258.386 | 259.033 | 258.999 | 258.999 | 258.999 . o L
0.70 L 413.152 | 412.263 | 413.218 | 413.185] 413.175| 413.181 BEH n=0, 1, -, 8 iTH LTI o .
0.90L 572,152 | 571.495| 572.232| 572.136| 572.180 | 572.153 Pig. 7 12X, Donnell #igiz -3 Q1.
1.00L 652.576 | 652.211 | 652.571| 652.579 | 652.514 | 652.576 _ y
a), (11-¢c) ® M.S.R. &s55§. Ho#tdhix No.
(b) Meridional stress resultant, N /oa 5 N
i 2~7 & No. 1 DFEEOHTHS. WL VKD
0.00L 31.972 | 81.953| 31.974| 31.971| 31.972| 31972 .

. o e .
0.05L 20.079| 28.003| 20.109| 29.085| 29.080| 20,080 AADDB. @ AEFOKM I XU ERLLE
0.10L 26.165 26.236 26.123 26.166 26.163 26.163  DHISFENT M.SR. 2@ s¥ 5. @ M.SR.
0.40L 11.730 |  11.950 | 11.689| 11.730| 11.730| 11.730 N . .
0.50L 8.143 7.849 8.142 8.143 8.143 8.143 BEEICLETL, —RicreommE L b
0.70L 2.917 2.932 2.918 2.916 2.917 2917 WKAEL 23ERBHD. kB, To0NEF
0.90L 0.326 0.325 0.325 0.326 0.326 0.326 w2 -

b:3) No. 4 o B LD
1.00L 0.0 0.0 0.0 0.0 0.0 0.0 i 2%, MSR 1@’97]; © fné 2
N2 — 0 MSR. X 0.5D 3F
(c¢) Meridional bending moment, M_,/oa? wosz ? , Th &i ¢
BV 3D RT N
0.00L | —0.0200| —~0.0241| —0.0200] —0.0200| —0.0200 | —0.0200 RUfEzeD, 2 A
0.05L 0.0012| 0.0027| 0.0017| 0.0001| 0.0012| o0.0012 TW5. ZDMHE, HLED Table 1 ORIz
0.10L | —0.0038| ~0.0004 | —0.0003 | —0.0025 | ~0.0039 | ~0.0089  § Fruh s 4Ty,
0.40L 0.0007 | 0.0022] 0.0007| 0.0007| 0.0007| 0.0007
0.50 L 0.0011{ 0.0012| 0.0011| 0.0011| 0.0011| 0.0011 Bering moment vol Effective shear "
0.70L 0.0021{ 0.0035| 0.0022| 0.0021{ 0.0021| 0.0021 3 ' y  force |
0.90L 0.0032| 0.0042| 0.0031| 0.0032| 0.0032| 0.0032 2 %\ ha-0005 L\
1.00L 0.0 0.0 0.0 0.0 0.0 0.0 T v-03 o [ [y 00 ]
(d) Effecti 30 R 2 Nl s
ective shear force, Ty/oa X L2l = P 1
1p- - - xact | This
0.00L | —0.6470| —0.8292 | —0.6386 | —0.6467 | —0.6470 | —0.6470 8 ) ﬁfc_”h»s;tudy ¥ gzn el ;mdy_
0.05L 0.0335| 0.0760| 0.0356| 0.0370| 0.0334| 0.0334 o — A== T2
0.10Z | —0.0040| —0.0132| —0.0076 | —0.0044 | —0.0038 | —0.0038 . —T o 107 [s]—] o
0.40L | —0.0070| --0.0180| —0.0074 | —0.0070 | —0.0070 | —0.0070 T h o R By e e
0.50L | —0.0081| ~0.0065| —0.0080 | —0.0081 | —0.0081 | —0.008 1 8, in degrees 6,in degrees
0.70L | —0.0091| ~0.0082 | —0.0099 | —0.0082 | —0.0091 | —0.009 1 Fig. 8 Meridional bending moment and
0.90L | —0.0095| —0.0141 | —0.0086 | —0.0095 | —0.0095 | —0.0095 effective shear force at clamped
1.00L 0.0 0.0 0.0 0.0 0.0 0.0 end




78

E=105x105ps] 100psi

$£=0.0951b/in3

=03 Time

Fig. 89 Spherical cap under pulse loading (1in.=
2.54 cm, 1psi=6.9kN/m?, 11b/in.?=0.272 N/m?®).

Fig. 8 1213, W& L¥BOL Lja=2, 4,51z 1L T
PR Lz Ao BFE GU U6) Ik X sBEEHD M,
& T, ofFmsfERT. Lia WX o3 HRE L &

=L Tn5. EESEFIE3TH S,

R HEEIERNER, ERLEASF - BIU—E
FNORBEROREBEZT 50, T _FEETERE
Wi 2 EBILOREOHEIC AW T, HEOKEN
BEROMIED 5 VE—BEENOBEEEETRELT
T, AHEE R LY EEEo Bniotis
9.

(2) M E

a) MRFMELZZT SEGE
51X Klein 5 2322fizwt LT FEM (42 EFHEK 0
MgEEESE, #9130 HEE) AW THEIT L, Fig.9
WIRT HRHE (K 2=0) 2273 ®KETHD. &
B 2ER (0%, 70 BEE) TEMEREEL,
BUEFRS BT CHL 18) L EIL L, Chan 5D RF— A
X DT LTz

Fig. 10 cHEAD72bH W LEEROAES Ne ©
R E ond . RRIRIAE 47 1%, Klein & 2 [
72 4T=0.1x10"*s (=T,/54, T, 1x L kEEEL &,

sHa)

=k:
2a=184in h/apy  (styapl?
4.529psi [|0.528psi
o h=0Tin 3149 0.594
I 1770 0660
D 1440 0780
1.320 a7y
1947 0798
alt)
1y B --—Z gtt)cosne
E =1
00238 0. Sx 10 psi
e ey °" 24x ib-s¥/irf u= 03

Fig. 11 Cylindrical shell under blast loading
(Qin.=2.54cm, 1psi=6.9kN/m? 11b-s%/
in.*=0.107 N-s*/cm?).

BECHEL D BB Y A5z, 4T=0.16x10"s
(To/36), 0.05x107s (T,/108) & L7z. B A5RT X5
:,wfnwATKloT%ﬁﬁm%Kmﬁ%&%m

FED s, ks, FEM'™ b oEEN 2 BTN
SVH, FEEET X~k

b) BEFEEZT 5 MR

EF 0% Johnson 5% ZzZgfffizxt LT FDM 23EH
Lic i@ ch 5. HERIESEC n=0,1, 2 ®
SAiEL, TOBHEBIUROEIFRON L Fig.

R, BREES 7 A=Y XA 3Gk 3) LRI
Houbolt #:* % FHvy, MEZIAGEE 4T=5x10"s &
L.

BHMO 7ebdh W L BEHRO fhife—2 v b M,
OREREY FDM & ol#c Fig. 12 2577, R
RERLIW—HERLTRY, REICk->Th+4ic
RSB OEATIRTHS. AR, BROFEEY, &
HiZ 3EHSEC, FDM idiFE— 2 ¥ b OUH S
LIEMES 140 L L. bhRiz, AEokagoik

10ERW
a2
@ O

@ S ju" ]
G Y AR
; s?t’ 7T I
Nk & S
44 4 4
As 4 4
4 4 3
i\ A

Thisstud:

oo

124 L
(o]
85 b
E 4f ;
=
G 0 S
4
-8| — 31=01x10%ec
5 o at=(05x104
0 & at=015x 13
<
$-6
2
&
‘Q-12r o B
- I N AP
T 15 21 27 30
Time (nicroseconds)

Fig. 10 Dynamic responses of spherical cap; (a)
normal displacement at apex (1in.=2.54
em); (b) meridional stress resultant at
clamped end (11b/in.=1.752 N/em).

Fig. 12

%3 e
Time(microseconds)

5 21

27

Dynamic responses of cylindrical shell;

(a) normal displacement at free end;
(b) meridional bending moment at cla-

mped end.



ZERIRIBIC B Sk & 72 EERR O B 3 X UBRRTE AT

i FDM 0 Zhiz o, 14 BECROILTHS. &%
CEHERRICOWT BRB. AEOEK =0, 1, 2 |2
ST BEHEERIL K 130 B Thotz. T ORFEIEES
BOZThO 1/3 BECER ShTns. EREEL
WEE KSR EiM 2 v % — HITAC M-200H T3
3.

D, (@D OEMEHNIR S NITARORS, FESREB X
CEREHICH L TREATZD, TALEBLTEED
REELERAEREWEWERTE L0 L EbRS.

6. B Y Iz

R OFRHIEER X OB EMBIH LT, BA
BRI X 2EMFROBRLERS, ToENEORFE
Tole. BRIbiCBW T, BELBOEIHFERS X
I3 2 ELE O RO REITIIN, v 2T
<F v 7ikdbhB X5 EES .

AFIRIC X 2 RMERRE, $YREBOLA TR
I L THIRERREOWLS LD TH Y, AFENZY
PRI TE . S bz, ZROHEILORLE N HE
DEEL LT, FHZREZZEFHRT 2613,
AFEOERG LV EHERLOICR S Z L 2KERIC
LYRUIc. T2k, AFER, HHTHHEENE
BENLIHED LEHORTEL LT, SHERRB
BAHETHIZEERBRLTVELDEEDbh3.

Bigic, AUFEE2RITTRI b SHERBD -7
AEERFETRER FH CEBREES Wz LET.

F & I

B ai~asw BEV bi~by iE, RO L D22 5.
a,=b[s?, a,=ra,
ay=—bQrr,+7s"+v.nj2r) —kr 2 (r?/s

+ntfvr?)
a,=nQ/2+krir,) v sr
as=—1nbys[2+ krirw,/v,) [sr
ag=—b(ry+vry) [s—kr,(r*/s*+n?lvr®)/s
a;=—b{r)/+r@ri—r)}/s+Ekra*ry,lv,sr?
A= —7[S, Qy=—V, 7[5, Ao=—a,
an=—n{brve/2+k(r vy +1770,0) v} [sr
ay,=Q2+kr?)[v,s?
a3 =7(1)24krry)[v,s®
ay=—n*(b+kr®) [r*+ (rir,—7%sD 2 v,
—kr i, (s —r2) v,
Qys= —knr,[v,rs?, ay=v,ra;s

ay=bn(yr,+1,) [r—knr,(rir,fv,—n*r®) |r

77

Q5= —YNr,r
Ao=b(r+ury) [s+kr (PP[s +2 n? sy )
Ay =br (ry+ury) s+ Ery (r¥[s*+2 n?lsy,r?)
—krr, (27, + 17 —n?r?) s
an=2a,5, ap=knr(va,—2r)/v.s*r
Ay =bn(ur 1) [r+ kndr,/r?
Fhn{r? (s —2 vy [P =t} v
A=k (P [s*+2 0y %) [s?
ay=—kr Qntfv, 7t +2 17, —1s%) /s
Ay =—b(r?+rl+2 yrr,) —kntirt
+En® (ary 7y +2 770,/5%) v r?
Ay =1/5% Qp=Tvs/s*
Ayom= —VAPfrP— 17y, azy=bkr,[s
Ay =bk(r)" +vrr)/s, ap=>bknvr,/r
a3 =bk[s®, az=Tvas

azs=—bkyn*lr?, a,=1

by=b/s, by=brv/s

by=bnv[r, by=—blr,+vry
by=—n(1+2kryr)2vr
by=1+2r/2v,5, by=—T1b,
by=—knr,/svyr, by="rknrr,/sv,
buo=kr, (r)s*+2 n*v,r?)

by= =2 knry/sv;r, by,=1vib,[2
by=k(r?/s®+2 n*[sy ")

b= —kyyrn?/sur?, bs=1/s
bis=7v./s, by=7y, byy=Db,s

el e
-y

D
2

3

)

5

6)

7

b=1/1-v*), k=(h/a)?*/12
vi=1l4v, v,=2+v, v3=3+,

Ve=1—vy, vy=2—p, yy=3—yp

& E XM
BHEA—ER SR - HIREREA Y F 7y 7 TEERE,
HEEAE, 1081,
Budiansky, B. and P.P. Radkowski : Numerical Ana-
Iysis of Unsymmetrical Bending of Shells of Revolu-
tion, ATAA J, Vol. 1, No. 8, pp. 1833~1842, 1963.
Johnson, D.E. and R. Greif : Dynamic Response of
a Cylindrical Shell ; Two Numerical Methods, ATAA
J, Vol. 4, No. 3, pp. 486~494, 1966.
Smith, T.A.: Explicit High-Order Finite-Difference
Analysis of Rotationally] Symmetric Shells, AIAA J,
Vol. 18, No. 3, pp. 309~317, 1980.
=hk R 2 BRI L5 BEROBFREK
DT, TARFAMICRESE, 55 335 5, pp. 69~T78,
1983.
Langhaar, H.L. et al. : Stability of Hyperboloidal
Cooling Tower, Proc. of ASCE, Vol. 96, No. EM 5,
pp. 753~779, 1970.
Stoneking, J.E. and A.P. Boresi : A Theory for Free
Vibration of Orthotropic Shells of Revolution, Nucl.
Engng and Des., Vol. 14, pp. 271~285, 1970.



18

&)

9

10)
11)
12)
13)
14)

15)

16)

Langhaar, H.L. and S.C. Chu : Piecewise Polynomials
and the Partition Method for Ordinary Differential
Equations, Development in Theoretical and Applied
Mechanics, Vol. 8, Pergamon Press, pp. 553~564,
1970.

Sharma, S.K. and A.P. Boresi : Finite Element We-
ighted Residual Methods; Axisymmetric Shells, Proc.
of ASCE, Vol. 104, No. EM 4, pp. 895~909, 1978.
Novozhilov, V.V. : The Theory of Thin Shells, P.
Noordhoff, 1959.

Finlayson, B.A. : The Method Weighted Residual
and Variational Principles, Academic Press, 1972.
Prenter, P.M. : Splines and Variational Methods,
John Wiley & Son, 1975.

Abramowitz, M. and I.A. Stegun (Eds.) : Handbook
of Mathematical Functions, Dover Publications, 1970.
Timoshenko, S.P. and S. Woinowski-Krieger : Theory
of Plates and Shells, 2nd ed., McGraw-Hill, 1959,
Greebaum, K. : Comments “Numerical Analysis of
Unsymmetrical Bending of Shells of Revolution”,
AIAA J, Vol. 2, No. 3, pp. 590~591, 1964.
JBE#H : 2o a—F Ik 5 BETHERE, > =i

17)

18)

19)

20)

21)

=kt

TEREYT, SEEAE. 1974.

Gopalacharyulu, S. and D.J. Johns : Cantilever Cylin-
drical Shells under Assumed Wind Pressures, Proc.
of ASCE, Vol. 99, No. EM 5, pp. 943~956, 1973.
Klein, S. and R.]. Sylvester : The Linear Dynamic
Analysis of Shells of Revolution by the Matrix Dis-
placement Method, Proceedings of the 1st Conference
on Matrix Methods in Structural Mechanics, AFFDL-
TR-66-80, Wright Patterson AFB, Ohio, Oct., pp.
299~-328, 1965.

Chan, S.P. et al. : Transient Analysis of Forced Vi-
brations of Complex Structural-Mechanical Systems,
J.R. Aeronaut. Soc., Vol. 66, pp. 457~460, 1962,
Houbolt, J.C. : A Recurrence Matrix Solution for the
Dynamic Response of Elastic Aircraft, J. Aeronaut.
Sci., Vol. 17, pp. 540~550, 1950.

Stricklin, J.A. et al. : Improvements on the Analysis
of Shells of Revolution by the Matrix Displacement
Method, AIAA J., Vol. 4, No. 11, pp. 2069~2072,
1966.

(1983.4.4 - 24{)




