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Back analysis and prediction of thermal parameters of concrete based on
improved BP algorithm

ZHANG Yu-ping, MA Chao, LI Chuan-xi, ZHANG Ya-xin
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Aiming at the randomness of the concrete thermal parameters measured in the laboratory and
the difference of the construction site environment, a back analysis method of mass concrete thermal
parameters based on the improved BP algorithm was proposed. Taking the mass concrete construction of
the tunnel anchor on the south bank of the Taihong Yangtze River Bridge as an engineering example, the
adiabatic temperature rise, reaction rate, thermal conductivity and surface heat dissipation coefficient
were inverted. The thermal parameters were obtained by inversion analysis to predict the temperature
field and guide the construction. The research results show that the uniform design method determines
the thermal parameters and reduces the sample data. The BP algorithm improved by the additional
momentum method can improve the learning efficiency and avoid the algorithm from falling into a local
minimum.
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Fig. 3 The schematic diagram of tunnel anchor (unit: mm)
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Fig. 4 The layout of temperature monitoring points of the anchorage concrete-plug (unit: mm)
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Table 1 The samples of the design thermal parameters
Nzl ) = ¥ - ) =] TR # = ¥
1 38.08 0.61 9.69 61.54 15 48.85 1.04 7.00 29.23
2 41.92 0.95 7.19 40.77 16 52.69 0.52 9.88 73.08
3 45.77 0.42 10.08 20.00 17 35.00 0.85 7.38 52.31
4 49.62 0.76 7.58 63.85 18 38.85 0.33 10.27 31.54
5 53.46 1.10 10.46 43.08 19 42.69 0.67 7.77 75.38
6 35.77 0.58 7.96 22.31 20 46.54 1.01 10.65 54.62
7 39.62 0.92 10.85 66.15 21 50.38 0.48 8.15 33.85
8 43.46 0.39 8.35 45.38 22 54.23 0.82 11.04 77.69
9 4731 0.73 11.23 24.62 23 36.54 0.30 8.54 56.92
10 51.15 1.07 8.73 68.46 24 40.38 0.64 11.42 36.15
11 55.00 0.55 11.62 47.69 25 44.23 0.98 8.92 80.00
12 37.31 0.88 9.12 26.92 26 48.08 0.45 11.81 59.23
13 41.15 0.36 12.00 70.77 27 51.92 0.79 9.31 38.46
14 45.00 0.70 9.50 50.00
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Table 2 The calculation value of the characteristic point temperature
/T
e
4 A 45 T 46 A 47 TR98 18739 WRI18742 iR 18750 Y 18752 A1 18783

1 41.47 43.50 46.30 43.00 54.22 50.16 43.01 49.82 49.60 43.15
2 49.61 51.52 55.08 50.51 62.76 58.83 50.60 59.07 58.75 50.95
3 41.49 43.71 46.83 43.29 56.04 52.01 44.42 51.71 51.26 44.65
4 51.43 54.28 58.05 53.07 68.21 62.99 53.51 62.53 62.91 53.89
5 56.20 58.21 61.69 56.65 73.16 68.28 57.69 68.36 67.93 58.64
6 41.19 42.77 45.19 42.14 52.90 49.25 41.95 49.15 48.76 42.20
7 45.30 46.73 50.29 46.28 57.71 54.28 46.99 54.40 54.00 47.21
8 40.91 43.37 46.44 42.88 55.33 51.44 43.40 50.66 50.47 43.65
9 46.44 49.36 53.10 48.75 62.10 58.19 49.75 57.66 57.48 50.01
10 55.95 57.53 61.64 55.85 71.37 67.09 56.98 67.55 67.17 57.56
11 46.85 50.07 53.71 49.36 65.17 59.76 50.43 59.08 59.01 50.98
12 44.56 46.25 49.58 45.70 56.36 53.09 45.92 53.09 52.72 46.14
13 37.41 39.74 42.24 39.50 49.63 46.40 40.32 45.96 45.51 40.40
14 46.09 48.83 52.33 48.10 61.47 56.95 48.62 56.28 56.53 48.88
15 55.77 57.30 61.58 56.02 70.24 66.06 56.44 66.66 66.35 56.90
16 46.61 49.28 52.66 48.46 64.23 59.17 49.63 58.70 58.20 50.00
17 43.90 45.89 48.79 45.16 55.38 51.75 4491 51.69 51.65 45.14
18 36.57 38.99 41.44 38.75 48.69 45.49 39.05 44.62 44.59 39.15
19 50.63 52.21 55.94 51.03 65.35 61.20 52.30 61.31 60.89 52.70
20 50.63 52.21 55.94 51.03 65.35 61.20 52.30 61.31 60.89 52.70
21 46.43 48.56 52.27 47.73 62.94 58.37 48.96 58.19 57.77 49.35
22 51.90 54.55 59.02 53.74 69.14 65.08 55.34 64.89 64.49 55.73
23 36.08 38.79 40.52 38.12 47.93 44.65 37.93 44.38 43.61 38.59
24 41.78 44.28 47.33 43.86 55.25 51.40 44.28 50.62 50.83 44.41
25 50.11 51.48 55.54 50.72 63.45 59.91 51.40 60.23 59.86 51.75
26 42.07 44.45 47.37 43.96 57.45 53.08 45.41 52.60 52.09 45.63
27 51.30 54.31 58.56 53.36 68.77 64.11 54.38 63.74 63.61 54.77
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Table 3 Performance evaluation indicators of various thermal
parameters during training
PEREVE  ZAHR SHARHY RI AR
higbs  THC (kJem'+h! e CH(kI-m?-h'CH
GOF 0.9850 0.9256 0.9239 0.8817
MAPE 1.0717 7.4142 2.449 1 43979
RMSE 0.6471 0.0567 0.2511 1.9422
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