Statistical Behavior of RC Cooling Tower Shell due to Shape Imperfection
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Abstract

For the large scale reinforced concrete cooling tower shells, the shape imperfection can be introduced
due not only to mistakes in the process of construction but also to the long term behavior of concrete.
The shape imperfection evokes the additional responses such as displacements and stresses in addition
to the design values. In this study, the statistical behavior of the RC cooling tower shell due to the
shape imperfection is investigated using the Monte Carlo simulation. The radius of cooling tower and
the shell thickness are adopted as the parameters which cause the shape imperfection. The shape
imperfection is modeled as a stochastic field rather than the local one of axisymmetric or bulge type of
imperfection. The randomness in the radius is shown to be more affecting the structural responses
than the randomness in the shell thickness. In addition to the geometrical randomness, the effect of
randomness in the modulus of elasticity on the structural response is also investigated and compared
with that of the geometrical ones.

Keywords : cooling tower, shape imperfection, stochastic field, response variability, randomness
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F 3 u9ol cist SAx| (d=20.0) (HHAE  cm)
B £0|3HE (m) A — SRSS/Mixed ]
A ¢ w2 E R t %R
23.95 ~0.29909 -0.32431 -0.32374 1.3627
49.14 -1.0583 -1.1404 -1.1411 1.3634
. 74.33 -2.6725 -2.8911 -2.8926 1.3611
B 98.81 -4.7784 -5.1616 -5.1632 1.3623
121.9 -6.2242 -6.6740 -6.6785 1.3665
152.7 -5.0712 -5.3089 -5.3121 1.3821
23.95 0.00324 0.23310 0.23581 0.9886
49.14 0.01019 (0.52326 0.52239 1.0019
— 74.33 0.01573 0.60440 0.59975 1.0081
98.81 0.02146 0.55443 0.56587 0.9805
121.9 0.02717 0.58757 0.58114 1.0121
152.7 0.02503 0.32535 0.33075 0.9866
23.95 0.01084 0.71876 0.72841 0.9869
49.14 0.00963 0.45883 0.45780 1.0025
R 74.33 0.00588 0.20906 0.20734 1.0087
(cov) 98.81 0.00449 0.10741 0.10960 0.9809
121.9 0.00436 0.08804 0.08702 1.0130
152.7 0.00493 0.06128 0.06226 0.9874
X 4 230 thet SAZ| (d=20.0) (S5 © Pa)
) ] FAS )
ks sS4 F AR - e L B SRSS/Mixed
22 1 T2 ~0.11177E+05 -0.10584E + 05 -0.10605E +05 1.4515
31 10 Ty 0.47621E+04 0.60727E +04 0.61350E +04 1.2579
03 L 130 10 Ty 0.56707E+06 0.54640E + 06 0.54587E+06 1.4426
193 1 oy ~0.15970E+06 -0.12810E+06 -0.12820E + 06 1.5969
199 10 oy 0.56479E +06 0.55046E + 06 0.54963E + 06 1.4349
289 10 oy -0.77040E + 06 -0.76595E +06 -0.76522E +06 1.4197
22 1 T2 0.79879E +02 0.37744E +05 0.38368E+05 0.9837
31 10 Ty 0.11530E+03 0.29419E+05 0.29634E +05 0.9928
[ 130 10 Ty 0.63846E + 04 0.23290E + 06 0.22982E + 06 1.0138
193 1 ox 0.73260E + 04 0.45378E+ 06 0.44988E+06 1.0088
199 10 oy 0.15377E +05 0.31398E +06 0.32161E+06 0.9774
289 10 oy 0.61005E+04 0.20218E+06 0.20401E+06 0.9915
F 22 1 T xe 0.00715 3.5662 3.6178 0.9857
31 10 Ty 0.02421 4.8444 4.8304 1.0029
BaA S 130 10 Ty 0.01126 0.4262 0.4210 1.0127
(COV) 193 1 ox 0.04587 3.5425 3.5091 1.0096
199 10 oy 0.02723 0.5704 0.5851 0.9759
289 10 oy 0.00792 0.2640 0.2666 0.9906
152 st=mMaATRTets) =22 133 M15(2000.3)




¥ b5 ZMg mae Y (d=20.0) (HAHY : cm)
A ¢ HA g R Mixed t & R

¥l -k SD cov R SD cov g SD cov

159.6 | -4.4090 | 0.02453 | 0.00556 | -4.5757 | 0.29271 | 0.06397 | -4.5779 | 0.29648 | 0.06476
152.7 | -5.0712 | 0.02503 | 0.00493 | -5.3089 | 0.32535 | 0.06128 | -5.8121 | 0.33075 | 0.06226
142.4 | -5.9270 | 0.02655 | 0.00448 | -6.2814 | 0.52080 | 0.08291 | -6.2854 | 0.51303 | 0.08162
132.1 | -6.3268 | 0.02799 | 0.00442 | -6.7514 | 0.61728 | 0.09143 | -6.7562 | 0.60363 | 0.08934
121.9 | -6.2242 | 0.02717 | 0.00436 | -6.6740 | 0.58757 | 0.08804 | -6.6785| 0.58114 | 0.08702
114.2 | -5.8718 | 0.02554 | 0.00435 | -6.3167 | 0.55657 | 0.08812 | -6.3204 | 0.55691 { 0.08811
106.5 | -5.3884 | 0.02354 | 0.00437 | -5.8084 | 0.54604 | 0.09401 | -5.8114] 0.55161 | 0.09492
98.81 | -4.7784 | 0.02146 | 0.00449 | -5.1616 | 0.55443 | 0.10741 | -5.1632| 0.56587 | 0.10960
91.12 | -4.1178 | 0.01945 | 0.00473 | -4.4521 | 0.57132 | 0.12833 | -4.4537| 0.58223 | 0.13073
82.72 | -3.3731 | 0.01751 | 0.00519 | -3.6497 | 0.59048 | 0.16179 | -3.6516 | 0.59138 | 0.16195
74.33 | -2.6725 | 0.01573 | 0.00588 | -2.8911 | 0.60440 | 0.20906 | -2.8926 | 0.59975 | 0.20734
65.93 | -2.0421 | 0.01400 | 0.00686 | -2.2066 | 0.60290 | 0.27323 | -2.2091 | 0.59392 | 0.26885
57.53 | -1.5033 | 0.01220 | 0.00811 | -1.6206 | 0.57173 | 0.35279 | -1.6236 | 0.56782 | 0.34972
49.14 | -1.0583 | 0.01019 | 0.00963 | -1.1404 | 0.52326 | 0.45883 | -1.1411| 0.52239 | 0.45780
40.74 | -0.71933 | 0.00797 | 0.01109 | -0.77442 | 0.44698 | 0.57719 | -0.77297 | 0.44573 | 0.57664
32.35 | -0.44726 | 0.00565 | 0.01262 | -0.48559 | 0.34818 | 0.71703 | -0.48409 | 0.34841 | 0.71973
23.95 | -0.29909 | 0.00324 | 0.01084 | -0.32431 | 0.23310 | 0.71876 | -0.32374 | 0.23581 | 0.72841
15.56 | -0.19007 | 0.00121 | 0.00638 | -0.19821 | 0.10629 | 0.53623 | -0.19851 | 0.10902 | 0.54920

2 6 dAMg maes 240M9 83(d=20.0) (FNLESHo, o MPa)
A ¢ WAE R Mixed ¢t & R

%] B SD Ccov B SD Cov B SD Ccov

152.7 |-0.11815 | 0.00249 | 0.02107 |-0.10259 | 0.17136 | 0.16704 |[-0.10271 | 0.17017 | 0.16568
142.4 |-0.77040 | 0.00610 | 0.00792 |-0.76595 | 0.20218 | 0.26397 |-0.76522 | 0.20401 | 0.26660
132.1 |-0.64074 | 0.00791 | 0.01516 |-0.64302 | 0.25231 | 0.40794 |-0.64279 | 0.26514 | 0.41249
121.9 {-0.52478 | 0.01206 | 0.02299 |-0.52104 | 0.30388 | 0.58321 |[-0.52317 | 0.30647 | 0.58579
114.2 |-0.06133 | 0.01364 | 0.22235 |-0.07537 | 0.32498 4.3118 |-0.07535 | 0.32561 | 4.3212
106.5 | 0.15923 | 0.01403 | 0.08811 | 0.15487 | 0.32761 2.1153 | 0.15265 | 0.32606 | 2.1359
98.81 | 0.56479 | 0.01538 | 0.02723 | 0.55046 | 0.31398 | 0.57040 | 0.54963 | 0.32161 | 0.58513
91.12 | 0.85043 | 0.01589 | 0.01868 | 0.83637 | 0.32203 | 0.38503 | 0.83678 | 0.33119 | 0.39579
82.72 | 1.14610 | 0.01667 | 0.01454 1.1251 | 0.32014 | 0.28453 1.1257 | 0.32681 | 0.29032
74.33 | 1.28240 | 0.01621 | 0.01264 | 1.2610 | 0.32905 | 0.26095 1.2602 | 0.32704 | 0.25951
65.93 | 1.33440 | 0.01570 | 0.01176 1.3093 | 0.33156 | 0.25323 1.3087 | 0.32935 | 0.25166
57.53 | 1.30570 | 0.01486 | 0.01138 1.2817 | 0.33808 | 0.26377 1.2797 | 0.34174 | 0.26704
49.14 | 1.19130 | 0.01363 | 0.01144 1.1662 | 0.33395 | 0.28635 1.1645 | 0.33643 | 0.28891
40.74 | 1.05170 | 0.01259 | 0.01198 1.0208 | 0.33148 | 0.32471 1.0237 | 0.33837 | 0.33056
32.35 | 0.83314 | 0.01127 | 0.01353 | 0.80716 | 0.33447 | 0.41438 | 0.80896 | 0.33676 | 0.41629
23.95 | 0.75003 | 0.01070 | 0.01426 | 0.70922 | 0.34105 | 0.48088 | 0.70938 | 0.33907 | 0.47798
15.56 | 0.36032 | 0.01051 | 0.02917 | 0.32326 | 0.35898 1.1105 | 0.32149 | 0.35775 1.1128
9.266 | 0.07149 | 0.00674 | 0.09427 | 0.05069 | 0.31120 6.1393 | 0.04914 | 0.31092 | 6.3280
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