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Optimum design of spherical concrete shell water cellar structure

H 1 1 H 2 3
ZHAN G Shi-hua” ,ZHU Delan™ ,GAO Jianren” ,WAN G Yan-wu
(1 College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China;
2 ISWC, Chinese Academy of Sciences and Ministry of Water Resources, Yangling, Shaanxi 712100, China;

3 Gansu Science Institute of Soil and Water Conservation, L anzhou, Gansu 730020, China)

Abstract : Objective This paper analyzed stress distribution and geometry optimization of the spheri-
cal water cellar space structure to help builders avoid to dedermining the cellar wall thickness and concrete
structure of the label by their experience,so it can save materials and prevent damage due to less stress.

Method This project used the newly developed cellar finite element analyss software (based on ANSYS
software) to analyze stress distribution and obtain geometry optimization of the 4 and 11 cm thickness cel-
lar spacail structure to use the minimum of water cellar materials as the objective function ,and to use al-
lowable stress of the material as the constrain condition. Result In this article,the calculated maximum
tendle stressof 4 and 11 cm thickness cellars was 1 380. 00 and 447. 31 kPa,the maximum compressve
stress was 5 153. 20 and 1 896. 70 kPa. Under adverse construction conditions ,the optimal wall thickness of
empty spherical cellar whose capacity was 20,30 and 40 m®> namely 0.051 ,0.061 and 0. 065 m in Chestnut
s0il zone as well as 0.050,0.059 and 0.062 min Loess zone respectively. Concluson The results showed
that after being calculated and optimized by the software ,the spherical water cellar could meet the require-
ments of stiff ness and strength ,and maximize the amount of material savings. The new developed cellar fi-
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nite element analys s software can analyze the spacial structure and geometry optimization of the spherical
water cellar.
Key words:concrete;shell spherical water cellar ;finite element ;structural optimization
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Table 1 Maximum stressof genera concrete spherical water cellar under the most unfavorable conditions
ke Sim/kPa  Smi/kPa  Sww/kPa  Smo/kPa  SemikPa  SwmdkPa o do’;j::e
4 1.380.00 - 185.86 862.48 - 3688.50 268. 62 - 5153.20 2.25
1 447.31 - 132.12 165. 47 - 1366.10 58. 84 - 1869.70 5.92
1 , 1380.00 447.31 kPa,
, 4cm 1lcm Ci15 (910 kPa) ,
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Table 2 Material dosage optimal results of different volumes water cellar under the most unfavorable conditions
il area Vol ljrrn“: Sinad kPa Surin/ KPa  Soma/ kPa Somin/ kP2 Samad kP2 Samn/ kP2 T/'m R'm %t;géﬁ
20 908.24 - 141.61 470.69 -2620.80 87.58 -3725.10 0.051 1.68 2.20
Chestnut 30 896.10 - 153.95 438.55 -2497.90 94.73 -3421.30 0.061 1.93 3.34
il zone 40 883.21 - 140.30 428.00 - 2567.00 97.90 - 3475.20 0.065 2.12 4.18
20 854.33 - 138.76 468.50 -2570.70 86.33 -3588.20 0.050 1.68 2.18
L oess zone 30 900.90 - 139.07 510.83 -2519.80 92.59 -3401.20 0.059 1.93 3.22
40 907.79 - 147.94 460.19 - 2614.60 94.49 - 3468.00 0.062 2.12 4.01
2 ) , 7 200 kPa,
20,30 40 m’ ,
908. 24,896. 10  883. 21 2 ,
kPa, 3 725. 10,3 421. 30 , 20,30 40m :
3 475.20 kPa; 20,30 40 m’ 0. 051,0. 061 0.065 m, 1.68,1.93
: 2.12m, 2.20,3.34 4.18m’;
854.33,900.90 907.79 kPa, , 20,30 40m
3588.20,3401.20 3468.00 kPa 2 3 : 0.050,0.059 0.062
m, 1.68,1.93 2.12 m, 2.18 ,3.22
910 kPa, , ; 4.01 m’
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