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Axial force calculation method of retained columns in directional demolition
of cooling tower

ZHA Xiaoxiong, WANG Kaichao, CHEN Dejing

(School of Civil and Environmental Engineering, Harbin Institute of Technology, Shenzhen,Shenzhen 518055, Guangdong, China)

Abstract; To make the directional demolition of the cooling tower safer and more controllable, the axial force
calculation method of the retained columns of the cooling tower is proposed. Firstly, in the light of the similarity
relationship of the force, the relationship between the axial and Z-direction force of the column was investigated.
Based on the plane section assumption, the calculation formula of the Z-direction force of the retained columns was
deduced. Then, the effects of 5 parameters, specifically the elastic modulus of the ring beam and the column, the
height of the column, the number of retained columns and the central angle corresponding to the top of the adjacent
column on the Z-direction force of the retained column were explored by FEM. The calculation formula of the Z-
direction force of the retained column was modified according to the results of FEM, and the applicability of the
modified formula was studied. The results show that the blasted cooling towers do not satisfy the assumption of plane
section on all retained columns. In practical engineering, the above 5 parameters do not affect the distribution
characteristics of the Z-direction force of the retained columns: the distribution of the Z-direction force along the y-
axis direction is always 'compression at both ends and tension in the middle’, the maximum compression in the
retained columns always appears on the n row, with the maximum tension always on the (n —4) row. When the
blasting center angle is in 200° —240°, the relative error of the modified formula is within 21% , and the modified
formula exhibits good applicability in different cooling towers. The calculation formulas of axial force of retained
column provide theoretical supports for the demolition of cooling tower from the perspective of mechanics, improving
the safety of directional demolition of cooling tower.
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Fig. 1 Calculation diagram of cooling tower after blasting
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Fig.2 Calculation model and retained columns number
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Fig.3 Geometric relationship diagram of single column
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Fig.4 Diagram of calculation section
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Tab.1 Size parameters of 64.5 m cooling tower

72 BE/m R/ m JEERE/mm
0 24.000 —
4.5 22.441 500
14.5 19.446 185
24.5 16.915 131
34.5 15.086 122
44.5 14.230 120
46.5 14.193 120
54.5 14.521 120
64.5 16.627 200
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Tab.2 Material parameters of 64.5 m cooling tower! "’
g2 B/ (kgem ™) VR GPa THAA L
[GL:s 2 500 21.8 0.2
g 3 000 21.8 0.2
M 3000 50.0 0.2
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Tab.3  First four-order frequency of 60.0 m cooling tower

iR AR SEAA He WRRE/ He  ARHRZE/ %
h 2.466 1 2.3512 -4.66
b 2.463 2 2.351 8 -4.52
1y 2.4396 2.444 5 0.20
fi 2.552 4 2.444 5 -4.23
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Fig.5 Effects of various parameters on Z-direction stress of retained columns
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Tab.4 The axial stress of the nth retained column under different number retained columns

TREAEROE/ X BB/ (0) BRI/ MPa BIERHH M/ MPa BUIME/MPa BIERTHIXIRE/% BIEJRHINTIRE %
13 239 -103.02 -316.39 -387.29 -73.40 -18.31
14 229 -82.75 -291.37 —-342.37 -75.83 -14.90
15 219 -67.33 -271.81 -299.89 -77.55 -9.37
16 209 -55.41 -256.78 -259.72 -78.67 -1.13
17 199 —-46.05 -245.75 -225.67 -79.59 8.90
18 189 -38.61 —-238.42 -194.93 -80.19 22.31
x5 AREBESEETIECRAETE n HHREERHEE A
Tab.5 The axial stress of the nth retained column under different central angles of the top of adjacent column
AHBHAE TR M, BREELC fh/ BIERHHEM,  BIEETTEE BAUA/ BIERTARX R ZE, IR AR 2/
(°) (°) MPa MPa MPa % %
a=8.8,b=1.2 219 -67.33 -271.80 -299.89 -77.55 -9.37
a=8,b=2 218 -66.95 —-281.80 -290.75 -76.98 -3.08
a=7,b=3 217 -66.74 -293.76 -308.27 -78.35 -4.70
a=6,b=4 216 -66.90 -305.11 -325.21 -79.43 -6.18
a=5,b=5 215 -67.44 -315.82 -334.26 -79.83 -5.52
I FME 3 SN, —JE 177 m 8 R — 191 m 125 19 49
4 BERANNERME

N T AEIAE IR R R AR R Ve S8 rh i 1
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Tab.6 Material parameters of 177 and 191 m cooling tower
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191 m (S AR EE 1 HNEE AU SR n HROR BE ALY 4 )
NS AN 7 A8 FraR ., AT LA, SRR R 0
o 190° ~240°0F 177 m =R HEEE IE 5 P S
THAE AN AT R 0 00 (E A% A 4 1% 22 7F 23% LAY,
191 m R HIESEIE G B PR H3A(H AA FR TR
H A AR 2ZE1E 33% LAY,

#4578 \TLLAEH, TIL/ 64.5 m mHIE
IR 177 191 m & BRI B IE)G S n HEE
Bl ) T BT BEORS B AR B R IR AR T, B SRR
[0 F A 200° ~240° 1}, & 1 J5 A9 1138 (E A BR oo

Bw/m AL I/ (kgem ) PPERIEE/GPa JAFALL
e e o, RIS 21% LA SRR K
177 . s 000 o o 210° ~220°0F B 1EJ5 T3 07 3 ER HIE
e T RO SR, ORI % Ky e 129 1)
o . HBETT BB I 5 S AT B i
SCHE 2650 33.5 0.2 FipE.
R7T 177 m GREVEE n HHREEHE AN
Tab.7 The axial stress of the nth retained column of 177 m cooling tower
PREERG /X R (o) EIE T/ MPa &I )5/ MPa B/ MPa EIERTIRZE/ % BIEJS IR/ %
17 239 -111.60 -539.59 —700.75 -84.07 -23.00
18 231 -94.02 -508.54 -638.03 -85.26 -20.29
19 224 -79.85 -482.60 -576.79 -86.16 -16.33
20 216 -68.31 -461.09 -520.82 —-86.88 -11.47
21 209 —-58.82 —-443.56 -469.38 -87.47 -5.50
22 201 -50.9%4 -429.69 -421.32 -87.91 1.99
23 194 -44.36 -418.82 -377.77 -88.26 10.87
x8 191 m FREEE n HHRBHEME AN
Tab.8 The axial stress of the nth retained column of 191 m cooling tower
PREERE/ X BB () B IE i/ MPa &I )G/ MPa B/ MPa EIERTIRZE/ % BIEJS IR/ %
16 246 -129.38 -566.20 -643.21 -79.89 -11.97
17 239 -107.98 -529.70 -589.65 -81.69 -10.17
18 231 -90.9%4 -499.13 -535.95 -83.03 -6.87
19 224 -77.21 -473.56 -484.24 -84.06 -2.21
20 216 -66.03 -452.36 —434.88 -84.82 4.02
21 209 -56.84 —-435.06 -389.81 -85.42 11.61
22 201 -49.22 -421.37 —-348.29 -85.87 20.98
23 194 -42.85 -411.09 -310.90 -86.22 32.22
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