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RESPONSE ANALYSIS OF SPHERICAL DOMES
SUBJECTED TO VERTICAL EARTHQUAKE

By Haruo KUNIEDA

Synopsis

This paper proposes respone analysis based on analytical solution in axisymmetric state
and provides some knowledge about response behaviors to vertical earthquake on the basis
of nonlinear as well as of linear shell theory. Response analysis presented here introduces
the assumption of flexural vibration, approximate solution of free vibration and the Galerkin’s
procedure in modal analysis. Modal analysis entails integrations of products of deflection
modes with respect to spatial variable, and integrals of products of these approximate modes
can be reduced to functions of closed form expression even in nonlineaf state. They are
easily amenable to numerical calculation. Solving, first, linear differential equation with
respect to time variable numerically, the response characteristics of the spherical domes
subjected to a real vertical earthquake will be examined and the effect of a design
parameter on the response, which describes the material property, size and shape etc, will
also be discussed. Followingly, nonlinear simultaneous differential equations with respect
to time variable will be solved numerically and dynamic instability of the dome during real
vertical earthquake will be examined in consideration of coexistence of a few deflection
modes.
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Table 1 Exact eigen values Q(E mat ):a/hleO and clamped edge

ﬁé w
n=0 n=1

bo 30° 45° 60° 75° 30° 45° 60° 105° 135°
1.059 0.993 0.964 0.932 ‘ 1.041 0.990 0.933 0.547 0.244
1,328 1.072 1.021 0.991 | 1.208 1.039 0.995 0.931 0.864
1.613 1.240 1.076 1.024 1.657 1,156 1,042 0.979 0.954
2 2,046 1,502 1.1%4 1.079 2.409 1.392 1.132 1,000 0.980
1.676 1.378 1.168 1.764 1.287 1.058 0.996
1.591  1.301 1.516 1,109 1.012
1.717  1.477 1.821 1.180 1.033
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3.1 BELERIT
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5% (912720 TAV-OTIRBHILERETRBROBE EIEEBRIEZI N0, Uicdi- TAFE
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WA ¢ MREH ¢/h=100, v=0.3 DFAICDVT, ¥BAA (conical angle) ¢,=30°, 45°, 60°, 75° Dk
BF—bEGREL, FF—220TEER LU LROBERIMT 2=175 Tb %, AAREEHER &
T5, TEbH

w=w=u=0 at P=d¢

R [3] oW, BIRERANTZORHREESET &
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Fig. 1 Deflection modes used in response analysis
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Table 2 O#EE D Z IV B ELROBEDRNC EMbh b, a/h=100 EL T3, XERICE
TNE0I (h/a)? DETHY, TOMI1ICUTHEMNINID, f->T Table 2 OES XVUTOR

Table 2 Eigen values 2 by approximate solution :a/h=100 and clamped edge

Bo Q2
30° 1.059 1.325 1.613
45° 0.993 1.072 1.248 1.510 1.685
60° 0.964 1,013 1.078 1.197 1.387 1607 1.717
75° 0.932 0.991 1.024 1.079 1171 1.306 1.496 1.644 1.755

Table 3 Peak value of relative acceleration of each mode and absolute maximum
response acceleration of whole dome and related time :{=0.05

Mode A=3.5E-4 A=6.5E-4
" Time peak % U cos¢ Abs. Max | Time peak & U cos ¢ Abs. Max
$0 | Numb, P {sec) (gal) (gal)  Accele. (sec) (gal) (gal)¢ Acceel.
30° 1 0.823 | 1.20 —~725 141 0.92 —413 97
2 —2.189 | 1.22 —1199 440 2620 1.00 1739 206 6114
3 7.290 | 1.02 3301 555 j (t=1.02) 1.24 5930 27 ) (t=1.34
45° 1 0.666 | 1.00 —510 206 0.74 276 —90
2 —0.68 | 1.20 612 141 0.92 363 97
3 2,004 | 1.22 1250 44 2387 1.00 —1344 206 4618
4 —4.844 | 1.02 —2439 55 | t=1.22) 1.20 4417 141 | (t=1.52)
5 6,007 | 1.02 2116 55 1.28 —3808 —87
60° 1 0.952 | 1.00 —1755 206 0,74 402 —90
2 —0.600} 1.20 436 141 3.36 239 116
3 0.772 | 1.20 —690 141 0.92 —415 97
4 -—1.116| 1.24 —859 27 1906 0.96 —637 =117 4015
5 2.297 | 112 1092 184 | (t=1.28) 1.20 —1737 141 | (t=1.60)
6 —5.845| 1.02 —2698 55 1.24  —4816 27
7 7.120 | 3.38 2234 —14 1.22 4432 44
75° 1 1.340 | 1.00 —966 206 0.58 530 -39
2 —0.600| 1.00 463 206 0.74 —250  —90
3 0.606 | 1.20 —479 141 3.36 —246 116
4 —0.748 1..20 670 141 1435 0.92 403 97 3187
5 0.959 | 1.24 802 27 t=1.22) 0. 96 532 117 (t=1.48)
6 —1.401 | 1.22 —805 44 1.00 1102 206
7 2.836 | 1.02 1418 55 1.20 —2565 141
8 —4.287| 1.02 —1756 55 1.24 —3141 27
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Fig. 2 Absolute maximum response acceleration versus parameter A curves
to El Centro, 40 U-D :2/h=100
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Fig. 3 Distribution of maximum response acceleration in whole of dome
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20T, FEEHEIHASFER NRRPEE TR HbNAFE LRV, Uichi=TZ ZORTIEE «
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C DT IRIBEEDF — 2 BRI 22047 L (0. 0018HE), 20 NOBIMICHIET 57 — 4 R
B 2 REELITHRIE UTHER L 02, Adams i & D(NREBESEIENICRO T,

REARS S EREALAMICEMT 3 ESE b > THET S &L Ui, Fig. 4 32 0—fI%R
Fo COMT/e5 A —% & BERGCRERLONIBR ERAEYCHYTS) ThY, (=1 TRIEHELT
o PFig. 4 |3 ¢o=45°, A=1.5E-4 DL&DHDTHD, RLHOLEOEAE—FERVT, BER
0.05& LTCSHE LT 5, Fig. 4 TREEHRF £, £0.125ET 5. COXITEDIRERR & OHE
Table 4 LR To ZOETHSLERTERBARTMTNID EFHRBICKL > TREEFREBAELTLE
W, EREOBAITEEO L THETCL » TRALRERFFAELLH LS TEDNS,

Table 4. Stability critical amplitude factor §., for El Centro’40 U-D

Modes A
ho 0. 50E-4 1. 50E-4 3.50E-4 6. 50E-4
40° 1st~4th 0.310 0. 055 e —_—
45° 1st~4th 0.735 0.125 e —
50° 1st~5th (none) <2.5
60° 1st~5th (none) <3.3
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