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Tab.1 The mean wind press

ure coefficient

Curve Numbers 0 values C, (6 values
. . . o o . .90° 2267
Piecewise function | 0°<O<70 1—2.0X <sm(W X 0) >
90° 2.395
Piecewise function [[ 70°<L0<<91° —1.0+0.5X (sm(ﬁ X (0—70%) ) )
Piecewise function [[I 91°<C0<C180° —0.5
3.4
3.4.1
2 ,
47%  53%;
23%.27% 50%. 3
2 3
Tab. 2 The first six-order buckling eigenvalues Tab. 3 Proportional limit load factors under different conditions
and frequency Conditions  Mode orders M()dfll shape proportionality
amplitude /m factors
Buckling Buckling Vibration Frequency 1 1 0.05 1.91
mode eigenvalues mode /Hz 5 1 0.1 1742
1 14. 309 1 0.503 3 1 0.2 1. 803
4777 - 5 1 and 2 0.1 1.672
. 0.55
3 3 v 6 1 and 2 0.2 1.772
4 —15.182 4 0.556 7 1, 2 and 3 0. 05 1. 768
5 —15. 208 5 0.598 8 1, 2 and 3 0.1 1.745
6 15 251 6 0. 599 9 1, 2 and 3 0.2 1.674
0 ° 10 Perfect structure / 2.856
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Fig. 4 The trend of proportional limit load factors Fig. 5 Contrast ratio of ultimate load factor
3.4.2
50 , 50 s 3
 21.22 23 X A 0.844 9 0.875 3,
4 . , 0.8 S
4
Tab.4 Dynamic properties of the structure
X direction translation Z direction translation X direction effective mass  Z direction effective mass
Mode order . . L S
ratio/ % ratio/ % participation factor participation factor
21 77.7 22.3 0.785 6 0.064 8
22 19.9 80.1 0.048 6 0.785
23 40. 2 59.8 0.010 7 0.023 7
Sum / / 0.844 9 0.873 5
5

Tab.5 Proportional limit load factor under different conditions

49.  Conditions  Mode orders Modal shape  Proportionality

’ amplitude /m factors
5%  50.5%; 49.5%. 1 1 0.05 1.738
48.5%  2%. 2 1 0.1 1. 624
5 3 1 0.2 1. 657
, 4 1 and 2 0. 05 1. 607
0.1 m i 5 1 and 2 0.1 1.526
6 1 and 2 0.2 1.73
’ 1. 526, 7 1, 2and 3 0.05 1. 607
’ 46. 6 0. 8 1,2 and 3 0.1 1.713
9 1, 2 and 3 0.2 1. 707
6 s 10 Perfect structure / 2.856
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The influence of initial imperfections on the ultimate bearing
capacity of super-large hyperbolic cooling towers

ZHAO Hai', BAI Guo-liang', XU Ya-zhou', YAO You-cheng®, DU Ji-ke*

(1. Xi'an University of Architecture and Technology, Xi’an 710055, China;
2. Northwest Electric Power Design Institute, Xi'an, 710075, China)

Abstract; The uncontrollable factors such as construction error, material inhomogeneity, etc. will inevitably lead to a cer-
tain initial imperfection. This paper mainly studies the initial defects of the cooling tower structure in the elastic-plastic
stage influencing on the ultimate bearing capacity. Through elastic buckling analysis and the self-vibration characteristics
of analysis, the buckling modes and the vibration modes multiplied by the modal contribution coefficients are introduced
into the structure as the initial defects of hyperbolic cooling towers, taking into account the nonlinear material under the
premise of the modified arc-length method in order to amend the elastoplastic ultimate bearing capacity of the structure. In
the end, the numerical results show that: the super-large hyperbolic cooling tower with vibration mode initial imperfec-
tions is more sensitive than with buckling mode initial imperfections. The method can efficiently facilitate the search for
the most unfavorable initial imperfection distribution form, so it can be applied to large-scale engineering structure initial
imperfection analysis.

Key words: arclength method ; initial imper fections; buckling modes; hyperbolic cooling towers; material nonlineari-

ty; modal contribution coef ficients
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