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Fig. 1 Cross-sectional view of a shallow spherical shell
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Table 1 Geometrical and material parameters of the shallow spherical shell

JIRGIE 2 JIS 2 A2 R JEEE L R AR H
A b (m) H (m) h (m) E (Pa) o (kgem ) v
7.5 1 0.1 0.0118 2.1 10" 7850 0.3
K2 A= HEZREKRAHAMBESS MRS ECE R
Table 2 Comparison of simulated and theoretical results for the first six order
modals of the clamped shallow spherical shell with A=7.5
H PR P 5L FEHLE IS (E 2= e
ab UL % 70 ]
(m,n) (Hz) (Hz) (%)
0.1 5. 555 184. 956 187. 969 —1.60 )
0,2) 6. 346 200. 041 202.776 —1.35 050
0,3) 7. 364 226. 28 229. 159 —1.26
a,D 7.956 244. 74 248, 443 —1.49 @
0,4) 8.468 264. 163 267. 456 —1.23 &0
1,2 9.279 297,702 301. 923 —1.40
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Table 3 Geometric and material parameters of the shallow spherical shell prototype and scaled models
UG T 2 A2 b= J5L B TP B THAL
b (m) H (m) h (m) E (Pa) o (kgem*) v
JR R 1 0.1 0.0118 2.1x10" 7850 0.3
45 LA 1 1 0.02 0. 00236 2.1 10" 7850 0.3
A5 LR 2 0.1 0.0125 0.001475 2.1X10" 7850 0.3
F4 MHEEEED ] NEZRIKTREMN B RB U
Table 4 Similarity prediction for free vibration of the clamped shallow
spherical shell prototype by the scaled model 1
1 PR A I %k J R B 2R H5L TR0 A5 2R T Je TR AR R wE Jit Al 4R R 1
(m,n) (Hz) (Hz) (Hz) %) PR 7 P A
0.1) 184. 956 37. 5686 187. 843 1.56 e ()
. o ® ©,
0,2 200. 041 40. 539 202.695 1.33 ) )
(0,3) 226. 28 45. 8354 229.177 1.28
(1.1) 244. 74 49. 694 248. 47 1.52 @ @
(0.4) 264. 163 53.5054 267.527 1.27 P
(1,2) 297. 702 60. 4158 302. 079 1.47 &
F5 MEEEED 2 EZRKTREMN B RE U
Table 5  Similarity prediction for free vibration of the clamped shallow
spherical shell prototype by the scaled model 2
PR AR 2 I Jo TR AR 2R TR 451 e U Je TR AR 2R R J Al 4R T 2
Gnan) (H2) (H2) (H2) %) P 0 & i 2 4]
0.1) 184, 956 2291.1 183. 288 0.9 S @
(0,2) 200. 041 2481. 44 198. 515 0.76 629 X
(0,3 226. 28 2807. 69 224. 615 0.74
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1 YR AR 2 B 5K JEUIR A R (ERIE e 10 JiE 28 A R 2% JE 4 LL A 2
(man) (H2) (Hz) (Hz) %) 3 7 ] 32 T ]
(1.1 244,74 3032. 44 242,595 0.88 @ ®
(0,4) 264. 163 3277.9 262. 232 0.73 &0 &0
1.2) 297.702 3689. 91 295. 1928 0.84
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Table 6 Geometric and material parameters of the shallow spherical shell prototype and the scaled model

with a small rise-to-thickness ratio

FEEZE b0 (m) KE H (m) JEEE R (m)  BERLE E (Pa) R p (kgem™™) HER VN 2
Jit 7Y 1 0.01 0.01058 2.1x10" 7850 0.3
45 Lo LAY 0.1 0.001 0.002116 2.1X10" 7850 0.3

x7 REWR/NEHRERIE X RKTREER B #HRE T
Table 7 Similarity prediction for free vibration of the clamped shallow spherical shell prototype by the scaled model

with a small rise-to-thickness ratio

1 4 AR 2 I 8K T A 55 F 55 T ) B A 47 R R JE Y Eifia il
(myn) (Hz) (Hz) (Hz) %) PR A PRBE
0.1 58. 784 1132. 23 56.612 3. 69 ) @
(0,2) 93.514 1840. 1 92.005 1.61
(1,1 161. 179 3194. 99 159. 750 0. 89 @ @
(1,2) 223. 383 4429, 77 221. 489 0.85 i
2. 316. 847 6275. 7 313. 785 0.97 @ @
(2.2) 405. 337 8013. 89 400. 695 1.15
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Table 8 Geometric and material parameters of the shallow spherical shell prototype and scaled models

with a large rise-to-thickness ratio

JIG T 2 A2 b= J5EjE PR R HER /=
b (m) H (m) h (m) E (Pa) o (kgem*) v
J 32.3 6.16 0. 0075 2.1x10" 7850 0.3
Fe i 45 LA 7 0. 8075 0. 154 0.00214 2.1X10" 7850 0.3
AL T 45 b5 Y 0. 8075 0. 154 0.00214 6.875X10" 2762 0.3
Cu il 45 Lt #55 7 0. 8075 0. 154 0.00214 1.24X 10" 8918 0.33
PVC il 47 A5 7 0. 8075 0. 154 0.00214 3.79X10° 1500 0.4

x99 REWBEAFFELERRE X RBIKTREN B IRE M
Table 9 Similarity prediction for free vibration of the clamped shallow spherical shell prototype by scaled models

with a large rise-to-thickness ratio

AIRBLAR AR 4 Ho AR AR B F 45t o) i 7Y S (%) i 457 L AR Y
B Gnn) (Hz) A Z (Hz) EY i HE (Hz) P 1Y & PR 5 5]
(1,0) 9.255 372. 060 0.025 9.302 0.50 (o)
Fe il
HiH (1,D 9.311 374.817 0. 025 9.370 0. 64 ) O
155 7Y
(1.2) 9. 337 377. 302 0.025 9.433 1.02 ® (60)
(1.0) 9.255 358. 891 0. 0259 9.301 0. 50 (0)
Al il
itk 1.1 9.311 361. 551 0.0259 9. 364 0.57 ® (8
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A Scaled Model of Geometric and Material Distortion in the Free

Vibration of Clamped Shallow Spherical Shells

Wei Yu'? Shuai Wang'
(' Guangxi Key Laboratory of Green Building Materials and Construction Industrialization ,
Guilin University of Technology ., Guilin, 541004)
(*Guangxi Key Laboratory of Geomechanics and Geotechnical Engineering ,

Guilin University of Technology . Guilin, 541004)

Abstract Shallow spherical shells are widely used in large structures, such as launch vehicles, nucle-
ar containments, and gasholders. Studying scaled models of geometric and material distortion in the free
vibration of large, thin-walled clamped shallow spherical shells is essential. First, frequency equations and
natural frequency solutions for clamped shallow spherical shells are utilized to apply similarity transforma-
tion, leading to the derivation of generalized similarity conditions and scaling laws for the free vibration of
these shells. The numerical approach is then validated by comparing the theoretical natural frequencies of
clamped shallow spherical shells. Finally, geometric and material distortion similarity predictions for the
free vibration of clamped shallow spherical shells with different rise-to-thickness ratios are investigated by
numerical simulations. Results indicate that scaled models for clamped shallow spherical shells with differ-
ent rise-to-thickness ratios, designed according to similarity conditions and incorporating the corresponding
generalized similarity condition of mode shape and the natural frequency scaling relationship, can accurate-
ly predict the free vibration characteristics of the prototypes. For the free vibration of clamped shallow
spherical shells with medium, small, and large rise-to-thickness ratios, in addition to meet the same mode
shape, the distorted scaling laws also need to ensure that the scaling factors of rise-to-thickness ratio and
Poisson’s ratio equal 1, the scaling factor of Poisson’s ratio is 1, and the rise-to-thickness ratios of scaled
models and the prototype are no less than 25. The method and results of this study offer valuable insights
for the design and experiments of scaled models for similar shells with thickness and material distortion.

Key words shallow spherical shells, free vibration, distortion, rise-to-thickness ratio, scaling law





