quz oy A T2 FHWN
Dynamic Analysis of Ring-Stiffened Axisymmetric Shells
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ABSTRACT

An axisymmetric shell efement which includes the effects of the meridional and circumferential cable prestresses is
developed os a ring element, which makes the characteristics of the axisymmefric shell to be fully utiized, The
ring-stiffeners are assumed 1o be connected af the shell nodes. A ring-stiffener element mode! which includes the effect
of the eccentricity between the shell and the ring-stiffener is developed by modifying the axisymmetric shell element. The
fluid-structure inferaction is expressed os an added mass which is in proportion to the acceleration of the structure in
inferface surface. The added moss is obtained by using finite element method under the assumption that the fluid is
invicid, incompressible and irotational. It is coded for personal computer by the use of axisymmetic properties and the
dynamic analysis are performed under the seismic exitations.

The eigenvalue solutions under the initial prestresses and the intemal fluid are agreed well with the exact solutions and
references by using under 20 elements. Also in the the ringstiffened case, the natural frequencies are shown to be in an
excellent agreement between the present method and closed-form solution.

Key words : ring-stiffener, axisymmetric shell, prestress load, added mass
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Folu)= 03, 12E UrE 784x10kg/m’ 512 M of 2
(733x10%bs’/in}& AHE-3tATE ZEiEH A Shtro] mA o], AL XFoTrel X 2]
3les AHES A 35l FAEHe WY SA7 YL AL AV = e AL )
HYTsE o 00018%7F s 57815kN/m 3te) AAEIgon, Eol/ukAel vyl Ze
(33000Ib/in) 2] Q1= o] &= 7ol et 299} & ASe) tjg Haroun"o) 814 ke
SREIS =S Z} wave numbere]] ™3 mode® 2 vlw s}l )
2 MM 20709 84S AHESH e, o) ALEH FREY APe 77t A9 =
T EY VL GlE W © AR x| AE o7} 122m 2 21.96m, B2 0] 183m % 7.32m,
27} 82 wjo] gt S 27+ wave number A7) 00254me] 9 APZRES gdoz
o tig modeE 2 vlusITh o]9] A= E 1 9o BAASE 2067 x10°kPa, FoldH
3} % 20] Al Qlon, ZAEHA shFo = 03, 7229 YrE 784x10kg/m’S A}
2857 b3S 79 89 wave number®] 23} gatgon, §49 WxE 1000kg/m’S ALE
Ee=olA Hoj 23%9] Pt LA EeH, 7] 9ok
Ele] A9 1%c]de] 2AH9E YehdoZA B Mo 20719 848 AMgslglon,
galet AL GAFE & 4 Atk FHHEe] = A7) 9L W 2 1S3} IS uhol) tisle 7zt
f2EY 2ol FEE Fex 8WAl wave wave numbero] 3+ mode® 2 Haroun®"2)

number?] 42} B2 A Hul) 26%9] 2Ap7L E A 73} vmstgch o) AE X3¢ X
Ao, 7ERs 16-02%9) 235 YEpd S 40 Al Hol dow, FARE A%E el

24 Aol AR e YehlSith NS HAET
E 1 Z2|AEY A SHE0] JIEIAIR| 242 Foll CHEt v(W (e : Hz)
Mode No.
Wave No. 2 4 6 8 10
1 This study 3128 3201 3229 3273 3358
Exact” 31.37 31.89 P41 3293 3346
3 This study 26.01 3049 3160 RP3H 3336
Exact” - - - - -
5 This study 19.60 27.82 30.31 31.63 3293
Exact” 1963 7R 30.30 3187 3306
8 This study 1262 297 2757 30.01 3194
Exact” 129 2321 2760 30.11 3187

T2 &dtst Zp|AEA SHE0| JEIHE Aol i 9l (9] : Hz)
Mode No.

Wave No 2 4 6 8 10
1 This study 31.99 3470 38.04 4232 4746
Exact® 3261 35.13 37.83 234 4767
3 This study 26.85 3331 3747 4204 4732
Exact® - - - - -
5 This study 20.70 30.88 36.38 4148 47.01
Exact® 21.01 31.36 3657 4203 4704
8 This study 14.28 2659 34.14 4027 46.33
Exact® 14.11 27.28 3449 40.58 4641
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E 3 |A7I IS 22 AR 1RISE
(48l = Hz) (=01/8kd=122/18.3)
Wave | Present analysis | Haroun® analysis
No. | Mode 1 | Mode 2 | Mode 1 | Mode 2
6.18 11.35 6.18 11.28

1

2 519 1061 519 10.60
3 415 10.03 4.14 9.98
4 332 9.26 331 922
5 2.69 835 2.69 832
6 2.2 7.46 2.21 743

E 4 9470 U2 220l gig Zol gt 18
E5(Wave number : 1,52 : H2)
(=0l/2rd=21.06/7.32)

Mode | Present analysis | Haroun”™ analysis

No. Empty Full Empty Full
1 19.17 5.31 19.26 5.31
2 56.01 15.58 56.42 15.64
3 85.81 23.06 - 2324
4 96.13 29.76 - 20.85
5 102.47 34.99 - 34.85
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9 A Qe Aol

Alstatt iAo AHE FXE
0|7} 0.470916m(18.54in), ¥H7A0] 0.1036828m
(4.082in), 77} 11938 X10°m(0.047in), X7}
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o] 29083x10°m(0.1145in)g] ¥E WTZF S
Ao g dyoen %"éﬁ]-ra—: 20.67><10 "kPa
(3.0x10°psi), ZLolEHlE 03, 2B Y&
7.84x10°kg/m’(7.33 x 10"1bs’ /in) & A-2-5}Tt.

& oAM= 15719 84E AME3lY 7+
wave numberd] tgt 7| ER8FESE Galletly®
o olggtst Hwatdon, oo A= X 5
of Aej=o] glok. B AXEA e F
£ LA7F 09% 1 H=2A o|BgF 719 Aol
7} e AR JEehgon, BAgoe] dx]d
A= Hd 1.3%9] 27t HAE o) o] 3ol
AR g U T

E5 20| s ZRe aig 220 yE 7=
_?r A

Present analysis | Galletly® analysis

Wave w/o w/ w/o w/
No. Ring- Ring- | Ring- Ring-

stiffener | stiffener | stiffener | stiffener

17759 | 16397 - -

750.3 7046 7433 7114
4356 588.7 4351 581.7
4675 9496 467.1 947.0
674.6 1493.3 6732 15136
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2zt SOE 4 F£E59 SHHM
I 6 Z 515 d%9Y IRESTWave number @ 1, Bl Hz)
Case 1 Case 2 Case 3 Case 4
Mode No No prestressed Prestressed(C) Prer?rt][ge_s;%c;rfg) * Pre?itrrgisszge;%:AH

1 6.19 6.18 6.45 6.42
2 11.35 11.35 11.88 11.81
3 15.40 15.40 16.23 16.06
4 18.45 18.44 18.70 18.44
5 21.38 21.38 2.1 21.64
6 2437 24.37 2503 24.28
7 271.72 21.72 2044 2855
8 3149 31.49 k27 31.01
9 35.87 35.86 36.23 3443
10 41.00 40.99 1.04 38.69

C : Fuidbst mp|A Eaf A(circumferential prestress)

A =uisk ZR|AEA (meridional prestress)

C+A @ FHatsr 2 Zubst =a|AEg| Alcircumferential and meridional prestress)
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o ot RrtAFAIA o 123 E-FE0) A
g 5 Ade B A Al o3 4
|7} 751011‘1 | Q) Ao F T

oA 2714HE AT FHXA
YRS AX3HS 7 F(case 3, case 4)7}
< 74$(case 1, case 2)°|| H|3} 70%H =] &k
o2 A Yepo, vhwEke] HoxyS
Uetdl= A4 8elA9 AL 23] 10%A=
AA JeRg) ol 18 1034 17 119 vehd
upel Zo] B Aol AP FHFF
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visplacement(cm)
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