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Damage evaluation and strengthening design of a cooling tower

ZHANG Guodong"?, ZHENG Wenzhong' , FENG Yun'

(1. School of Civil Engineering, Harbin Institute of Technology, 150090 Harbin, China;
2. School of Civil Engineering, Qinghai University, 810016 Xining, China)

Abstract; There is a cooling tower located in the Golmud Salt Lake area, and due to the erosion of the acid gas
and the alternate heating and cooling climate in the winter, it is seriously damaged. In order to grasp the damage
situation of the cooling tower, the on-site test of the tower on the falling-off of the concrete, the distribution and
propagation of the cracks and the concrete strength has been performed. Based on the test result, the internal
force of the tower has been calculated with the application of the ABAQUS software, and the safety of the tower
has been analyzed with the ratio of the ratio of the tower internal force and the resistance. According to the
analytical result, the strengthening scheme has been proposed, namely, adding concrete layer to the outside
surface and mortar layer to the inside surface of the tower, and coating the mortar layer with impervious material.
Moreover, the calculation methods of the equivalent elastic modulus and the equivalent strength in verifying the
bearing capacity after strengthening have been introduced in the paper, which provides reference to the damage
evaluation and strengthening design for engineering projects of the same kind.
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i 24 33.051 14 197 130
I 23 31.762 14387 130
i 22 30476 14596 130
i 21 29.193 14820 130
/ 20 27913 15066 130
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BIBHS fuu/MPa f./MPa  o,/MPa  o,/MPa @, E/10'MPa f;/MPa o,/MPa ¢,/MPa o,/MPa a,
0 33.50 25.46 0.70 1.59 0. 06 23.29 24.67 0.64 1.19 1.48  0.06
1 34.60 26.30 0.47 1.06 0. 04 24.00 24.00 0.45 1. 14 1.44  0.06
2 33.50 25.46 0.45 1.08 0. 04 23.29 24.20 0.49 1.90 2,42 0.10
3 25.50 19.38 0.86 2.38 0.12 18.13 18.20 0.74 2.16 273 0.15
4 18. 40 13.98 0.84 2.35 0.17 13.55 13.60 0.81 2.15 2.72 0.20
5 16. 90 12. 84 0.83 2.33 0.18 12.58 12.50 0.80 2.18 2.75 0.2
6 19.70 14.97 0.82 2.32 0.15 14.38 14.45 0.78 2.29 2.89  0.20
7 22.30 16.95 0.80 2.17 0.13 16. 06 15.78 0.76 2.24 2.8 0.18
8 21.40 16. 26 0.79 2.13 0.13 15.48 15.94 0.74 2.02 2.55  0.16
9 23.60 17.94 0.78 2.14 0.12 16.90 17.50 0.73 1.40 1.75  0.10
10 16.70 12.69 0.47 118 0.09 12.45 12.75 0.48 1.21 .53 0.12
11 18. 90 14. 36 0.51 1.30 0. 09 13. 87 13.79 0. 50 1.52 .93 0.14
12 17.10 13.00 0.57 1.48 0.11 12.71 12.56 0.56 1.59 2.01  0.16
13 16. 80 12.77 0. 64 1.71 0.13 12.51 12.45 0.61 1.97 2.49  0.20
14 17.90 13. 60 0.78 2.11 0.16 13.22 13.17 0.79 2.39 .03 0.23
15 15.40 11.70 0.89 2.41 0.21 11.61 11.50 0.84 2.19 276 0.24
16 12. 40 9.42 0.86 2.37 0.25 9.67 9.70 0.83 2.08 2,62 0.27
17 10. 60 8.06 0.76 2.19 0.27 8.51 8.38 0.74 2.12 2.68  0.32
18 9.90 7.52 0.75 2.15 0.29 8.06 8.10 0.72 1.99 2.51 0.3l
19 6.40 4.86 0.73 2.10 0.43 5.80 5.86 0.71 1.63 2.05  0.35
20 1.80 1.37 0.71 1.76 1.28 2.83 2.82 0.69 1.58 1.98  0.70
21 3. 60 2.74 0.59 1.62 0.59 4.00 4.02 0.56 1.34 1.69  0.42
2 5.20 3.95 0.56 1.25 0.32 5.03 5.08 0.54 1.53 .93  0.38
23 9.50 7.22 0.54 1.45 0.20 7.80 8.06 0.52 1.09 .37 0.17
24 7.30 5.55 0.51 1.36 0.24 6.38 6.42 0.50 1.33 1.67  0.26
25 4.20 3.19 0.49 1.28 0. 40 4.38 433 0.47 1.24 1.56  0.36
26 3.10 2.36 0.46 1.18 0.50 3.67 3.64 0.44 1.13 .42 0.39
27 2.40 1.82 0.43 1.09 0.59 3.22 3.19 0.41 1.07 .34 0.42
28 4.20 3.19 0.40 1.00 0.31 4.38 4.34 0.38 1.10 .39 0.32
29 5.80 4.41 0.38 0.91 0.21 5.42 5.47 0.36 1.37 .75  0.32
30 3.10 2.36 0. 69 1.90 0.80 3.67 3.69 0.70 1.62 2.03  0.55
31 2.60 1.98 0.67 1.74 0.88 3.32 3.32 0.65 1. 64 2.06  0.62
32 4.40 3.34 0.65 1.85 0.55 4.51 4.53 0.63 1.69 2,13 0.47
33 2.20 1.67 0.63 1.78 1.06 3.09 3.11 0.61 1.62 2.05  0.66
34 3.70 2.81 0. 60 1.70 0. 60 4.06 4.10 0. 60 1.02 .27 0.31
35 6.90 5.24 0.34 0.79 0.15 6.13 6.29 0.33 0.85 .07 0.17
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38 8.90 6.76 0.25 0.53 0.08 7.42 7.50 0.67 0.74 0.90 0.12
39 14. 40 10. 94 0.22 0.45 0.04 10.96 10.86 0.59 0.63 0.76  0.07
40 13.20 10. 03 0.19 0.36 0.04 10.19 9.80 0.28 0.40 0.499  0.05
41 8.90 6.76 0.16 0.24 0.03 7.42 6.80 0.25 0.28 0.34  0.05
42 14.70 11.17 0.16 0.23 0.02 11.16 9.67 0.17 0.24 0.29  0.03
43 18.90 14.36 0.09 0.15 0.01 13.87 19.00 0.11 0.16 0.19 0.0l
44 19. 80 15.05 0. 06 0.09 0.01 14. 45 8.00 0. 00 0.06 0.08 0.0l
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