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Tab. 1 The size characteristics of main components for

super-large cooling tower

Fu B P BE ] BE REE+
4 1F 1 /m 48 /m BEJE /m e
30.50 82.77 1.85
65.43 73.85 0.50
Bt 102.18 66.45 0.46 C40
139.42 61.19 0.38
217.33 64.26 0.59
YAE O GAMMTE N 1.7m X 1.0mM X B Lk C45
b7 $5%710.5m, 15 #2.20 m €35

1.2 BRTE®E

BT ANSYS/LS-DYNA - &5 & 37 2% 8 KR %
IS = 4 PR oo A2 RUBE Y, JH: v 35 7 R 100350 11 44
R 52 590 (Shell163) , B[] A ) 43 53 4] 43
R 256 A 128 A~ H1TT ; B4 A1 T 64 A X B S AT 4R
FH 25 18] 92 B0 (Beam 161) , X 32 A I i 5 85 137 JiS 350
SR T WSl & O 2 4, SRR T i i SR
RIS G2 an el 1 TR .

7 8N Ve A B B 1 B ) 5 9N ) T A SRR AN
A3 R 58 R Fr 422 0 ol 3 RE TR IR AR AZ ) R A I 4R
W AR R A AT R AT 2R R IEA M DG R BB
e . L, JE T AR SRR B BEe |, 55 RE 55
FE 28R IS8 VE Bl 2h A B AL (*MAT _PLASTIC _KI-
NEMATIC) , fERE A F R o8 2 B s i fb 51 =X,
R =05 Hz fl S AR P M0 1) A Sh SR 2 i, A4
BB ZBO%E N 0.25, BARSHINZE 2R .

(a) LT & (b) ML (o) RHE
(a) Elevation (b) Vertical view (c) Patial view

BT v SR S5 A BROT AR R 15 ) A 80 1]
Fig.1 Finite element integral and local model diagram of

cooling tower structure
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Tab. 2 Material parameters of the reinforced concrete

28 HE
R PER I E/GPa 3.25
R IR 73 0,/ MPa 24
MR LA E/GPa 0.15
R B o/ (kgem®) 2500
HEL /N 0.2
ik e Sy 0
PRI AL € 0.3
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Fig.2 Schematic diagram of natural frequency distriution of

super large cooling tower
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Fig. 3 Schematic diagram of typical modal shapes of super large cooling towers
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Fig. 7 Curve of displacement of the top, the throat and the

bottom of the tower under 0° meridian
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Fig.9 Diagram of progressive collapse process of super large cooling tower under strong wind
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Tab.3 Percentage of relative horizontal displacement and

laryngeal diameter/%

HEA M/ fif I
(m+s™) =5s =10s =15s =205
25 0.06 0.06 0.06 0.06
30 0.10 0.11 0.11 0.13
35 0.13 0.13 0.13 0.15
40 0.16 0.17 0.17 0.18
45 0.20 0.22 0.22 0.23
50 0.24 0.25 0.25 0.25
55 0.30 0.31 0.31 0.31
60 0.35 0.36 0.36 0.37
65 0.42 0.43 0.43 0.44
70 0.54 0.54 0.54 0.56
75 0.85 0.85 0.86 0.86
80 1.85 1.86 1.86 1.87
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Tab.4 Statics about cooling tower structural strain ener -

gy density
V,/(mss") P,/(10"J-m?)
25 0.052
30 0.108
35 0.201
40 0.342
45 0.547
50 0.833
55 1.219
60 1.723
65 2.372
70 3.204
75 4.265
80 5.709
85 26.252
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Structural failure criterion and robustness analysis of super-large cool-
ing towers subjected to strong winds

WANG Fei-tian', KE Shi-tang', WANG Xiao-hai®, WU Hong-xin’, YANG Jie', REN He-he'
(1.Department of Civil and Airport Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2.China Energy Engineering Group Jiangsu Power Design Institute Co. LTD., Nanjing 211102, China;

3. Department of Aerodynamics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Wind load is the control load in the design of large cooling tower structure, and the current wind-resistant guiding ideology
is based on strength design theory. However, several wind-damaged events in history indicate that excessive local wind load may also
lead to local tension damage of the tower tube, which leads to progressive collapse and buckling instability of the whole tower tube
structure. The structural damage caused by local wind-induced damage is a typical form of structural robustness damage, and this
kind of problem has become a new challenge for the development of cooling towers. In order to analyze the structural failure criteria
and robustness of super-large cooling towers subjected to strong winds, a three-dimensional finite element model of super-large cool-
ing towers with the highest height limit of 220 m in the world is established based on ANSYS/L.S-DYNA platform and the whole pro-
cess of wind-induced collapse is simulated. The displacement response and the internal force distribution of the cooling tower under
typical wind speed are studied, and the location, numerical value and distribution rule of the most unfavorable response are extracted.
The whole process evolution mechanism of "stability-instability-collapse" of the cooling tower under strong wind is discussed, and the
structural failure criterion of the cooling tower under strong wind is put forward. It is found that the weak position of structural robust-
ness of super-large cooling towers under strong wind is the throat area of the tower tube on the windward side, where "fold deforma-
tion" occurs in the meridional direction of —70° and 70°, leading to the failure of the local structure on the top of the tower and the col-
lapse of the overall structure of the tower tube. The strain energy density of the tower tube shows an exponential trend. The percent-
age of the relative horizontal displacement of the throat to throat diameter S™1%, failure coefficient of exponential strain energy den-

sity K==0.3 can be used as the criterion for judging structural failure, and the robustness index can be well evaluated.
Key words: super-large cooling tower; strong wind action; progressive collapse; failure criteria; robustness analysis
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