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Inverse analysis on thermal parameters of mass concrete based on
uniform design and BP neural network

ZHANG Yupings MA Chao, LI Chuanxi, GAO Shuwei
(School of Civil Engineering, Changsha University of Science &. Technology, Changsha 410114, P. R. China)

Abstract: In order to solve the problem of distortion of thermal parameters of mass concrete in bridge
engineering, an inverse analysis method of thermal parameters of mass concrete based on uniform design
theory and BP neural network was proposed. This method uses BP neural network to establish the non-
linear relationship between the temperature field and thermal parameters of large-volume concrete; training
samples of BP neural network are determined by uniform design method; during the training phase of BP
neural network, additional momentum method is used to optimize the network structure; The error curve
before and after optimization and the analysis results of multiple training processes show that the additional
momentum method can significantly shorten the network training time, and the average absolute percentage

error value and root mean square error value of the multiple training processes are stable. The adiabatic
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temperature rise, reaction rate constant, and thermal conductivity were inverted during the construction of
the bulk concrete of the supporting platform of the saddle pier of the Taihong Yangtze River Bridge. The
calculated temperature based on the inversion value agrees well with the actual measured value, and the
maximum temperature peak error is only 1. 1 “C. Therefore, the inverse analysis method for thermal
parameters of large-volume concrete based on uniform design theory and BP neural network is feasible and
the inversion process is stable and convergent, and the inversion accuracy is high. It can be used to guide
the temperature-controlled construction to reduce the risk of large-scale concrete cracking.

Keywords: bridge engineering; mass concrete; BP neural network; uniform design; thermal parameters;

inverse analysis
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Fig. 1 Two-factor uniform design layout
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Table 1 Inversion of thermal parameters and the
range of their values
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Fig. 3 Inverse analysis flowchart
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K OBBR WA ok sk At

288 117 1098 763 170 4. 455 2 440. 455

3.2 BENSHERENAE

2 B 25 4 10 o AR IR R %) A8 T AL A, 1 R
L/4 S5 /b 3047 U5 B 0 o A i, DU s A A 1 6
RS SR S O R B 2 A IR R G A T I
AR A 5 A IR R R AR AR TR W AB R 2 h
R REERKILRM M R BRSO E T
2019 43 H 18 H 21:00 FFiHHesi.3 H 19 H 19:00
DESUSE N RS T I 22 b, D75 JR B - AR IR Ky
16.9 ‘C. MR BNk PR T, 20555 55 DA TR E
IR B T LR W, R T 0 B Ak A
CEE T A AL ST P L oy A BROCASE R , HERR B

2T, WML 7 i,
16
/i 3 dis
i oL i SE
/ -.3.;}’ - /o
7 ‘4 5 s e X gfwclscrls
gl s 7 3 : 7 % %
L T

- R Y om
6 XBKAEBREEENSHERE
Fig. 6 Arrangement diagram of temperature monitoring

points of each layer of pier support



152 N = 7 N A

% 43 %

.

S

| M,j
T Ny

0 50 100 150 200 250 300 350
i E)/h
B7 201943 A 11 H—26 BNEREMZE
Fig. 7 Environmental temperature curve from March 11-26, 2019

3.3 BRTER

S A BR T8 Midas FEA #5774 Rt
B, I 87 035 ANFAIE, 16 848 5 . WA 8
7R o BN 2 1 R 2 TR ¥ - /K A 38 B9 R LA T
AT M LY A, [ TR EUCh 20 °C, FEA O
FURE 25T [ 2 290 . MR i B0 47 5 s ) it T 7
43K 3 A TR B, B 2 m — 2, TR TR
3 R A, AR X R TR B 4 0 4 TR R HE A
I B Bt 1 3 R G L A5 7,28 d PSR E 430 R
44.2.49.7 MPa,

(a)Fes (b) BlxEHBH

(c)RE
8 ZHUKAFMRITER
Fig. 8 Finite element model of pier bearing platform

3.4 BPHZMEME

3.4.1 RAEEMHE MEMKREEMEITA
LR N 28 B PEBESE AR, BT L X 2 I 28
JUEL BT TR YRR . RS R AT ER
T4, AR A G — i iE . BSJEM
Z2oCA B S D R R RRAE i A5 B BT R
BHARK, #ENT . BREEMEITT R, M
REVIZRA ok s M 28 PR A 25 AR T R M 4T K
%, A REE VI ZRI R E K L I 2R 5 B A R B i /IMEL
RLIRZEMA—EIRBRAE, BT SRS
55 RN Z2 g0 R A 0 B )= BT IRl 25, AT
LIZIAR (= Vntm +a #4750, b0 MR
TEZITTEE o0 A ZE R ITE m N R

MG a R 1~10 Z AT HEL ELRARXK
FEhl b R A N e & 2 T B AR 25 R i, B
TEARTA LA I B & J2 SR IT A, 24 ) — 8 OB
PEREASEERE I N B2 2 )2 e 80, — EA B A HE AR
B 2 Bon ol 1k . AR VI B 6 B 2
FITHCH 15, M4 SR iF i KR 2215880, 001, 2% 2]
Ay 0. 05, AT LI

3.4.2 BERZAEIEA e REWAE
TR 2 SHREA, S8R K EURCh 31, 2R
WA R A Uy 31O BEARME L 3, KR 3
SHREABIR A BROCTH ERR 19 5 L BUR &
BEAE S5 R BT L 4,

®3 SEHEARER

Table 3 The samples of thermal parameters design

P #gpGRTH/C WBm SEEY kI e (mehe OO

1 36.33 0.62 8. 67

2 38.33 0.97 10. 50

3 40. 33 0. 46 7. 00

4 42.33 0. 81 8.83

5 44,33 0. 30 10. 67

6 46. 33 0. 65 7.17

7 48. 33 0. 99 9. 00

8 50. 33 0. 49 10. 83

9 52.33 0. 83 7.33
10 54. 33 0. 33 9.17
11 35.00 0. 67 11. 00
12 37.00 1.02 7.50
13 39. 00 0.51 9.33
14 41.00 0. 86 11.17
15 43. 00 0. 35 7.67
16 45. 00 0.70 9. 50
17 47.00 1.05 11. 33
18 49. 00 0. 54 7.83
19 51. 00 0. 89 9.67
20 53. 00 0. 38 11. 50
21 55. 00 0.73 8.00
22 35. 67 1. 07 9.83
23 37.67 0.57 11. 67
24 39. 67 0.91 8.17
25 41. 67 0.41 10. 00
26 43. 67 0.75 11. 83
27 45. 67 1. 10 8.33
28 47. 67 0. 59 10. 17
29 49. 67 0. 94 12. 00
30 51. 67 0.43 8. 50
31 53. 67 0.78 10. 33
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Table 4 Characteristic point temperature calculation C

5 R 6943 A 7027 WA 7130 Y5 7232 WA 7331 P 7387 WAH 9750 A 9899 i 10063 A 10191

1 47. 37 44. 47 46. 33 43. 10 45.45 43.33 41.82 32.79 40. 21 37.97

2 52.40 48. 98 51. 14 47. 27 50. 02 48. 45 45. 37 35.42 43. 30 41. 60

3 48.72 45. 35 47. 60 43.97 46. 65 44. 14 42. 97 32.35 41. 39 38. 82

4 55.25 51.12 54. 07 49. 62 53. 00 50. 71 47.57 35. 64 45.58 43. 65

5 42. 31 40. 14 41.41 38. 96 40. 26 37.21 40. 17 32.52 38.18 34.53

6 57.90 52.99 56.53 51. 35 55. 36 53.18 49. 98 35.38 47. 80 45.97

7 62. 83 57.78 61.19 55. 63 59. 58 58. 40 52.56 38.11 50. 07 49. 05

8 51.27 48. 07 49. 94 46. 28 48. 44 46. 03 46. 16 35. 80 43. 68 40. 79

9 66. 11 60. 07 64. 61 58. 27 63. 36 61.50 54. 89 37.82 52. 68 51. 50
10 49. 49 46. 26 48. 24 44. 65 46. 82 43. 82 45. 32 34. 49 43.02 39. 55
11 45.58 43.05 44,77 41. 94 43.92 41. 41 41.21 33.41 39.52 36. 71
12 55. 26 50. 79 54.15 49. 43 53.25 51. 46 47.11 34. 54 45. 26 44, 31
13 46. 30 43. 64 45. 32 42.32 44. 29 41.92 41.52 32.93 39.92 37.23
14 52.53 49.19 51. 25 47.45 49. 86 48. 14 45. 83 35.96 43.61 41.57
15 46. 03 43.18 45. 05 41. 95 44.09 41. 21 41. 81 32.16 40. 14 37.03
16 54. 40 50. 54 53.25 49. 04 52.15 49. 80 47.37 35.91 45. 33 42. 88
17 59. 83 55. 46 58. 25 53.56 57.16 55.42 51.35 38. 87 48. 85 46. 94
18 55. 95 51. 54 54. 65 49. 94 53. 46 50. 81 48.93 35.45 46. 72 44. 36
19 63. 08 57. 88 61.52 55. 87 59.97 57.69 54, 42 39. 33 51.22 49. 55
20 48. 32 45. 48 47.06 43.92 45.71 42. 83 44.71 35.18 42. 17 38.77
21 64. 64 59.13 63. 06 57. 14 61.78 59.77 54. 29 38.15 52.01 50. 18
22 51. 87 48. 41 50. 65 46. 83 49. 83 48. 35 44. 66 34.75 42. 94 41. 36
23 45. 04 42. 64 43. 97 41. 30 43.10 40. 59 41.18 33.50 39.21 36. 37
24 55. 50 51.18 54. 35 49.73 53. 34 51. 20 47. 46 35.16 45.53 44. 10
25 45. 30 42.62 44.19 41. 25 43.16 40. 16 41.93 33.18 39. 87 36. 58
26 52.17 48. 96 50. 91 47.23 49.51 47.37 45. 94 36. 30 43. 69 41. 23
27 62. 80 57.57 61.19 55. 50 59. 86 58. 90 52.08 37.39 50. 05 49. 25
28 53.23 49. 66 51.77 47. 87 50. 68 48. 29 47.07 35. 94 44. 66 42.11
29 59. 82 55.58 58.08 53. 34 56. 74 54. 95 51. 69 39. 38 48.79 46.79
30 53.35 49. 44 51. 86 47. 67 50. 66 47.76 47. 54 35. 14 45. 17 42.18
31 62. 14 57.25 60. 58 55.21 58. 97 56. 34 53. 86 39. 54 50.73 48.52
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Fig. 9 Comparison of error curves before and after

training process optimization
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Table 5 MAPE and RMSE of each thermal parameter

T PERETEM SR APGETT B SREH
A MAPE 1.57%  4.11%  1.85%
1 ¥l
RMSE 0.79 0. 032 0.21
MAPE 1.90%  7.48%  1.34%
55 2 il
RMSE 1.13 0. 058 0.19
MAPE 1.39%  7.49%  2.78%
553 ik
RMSE 0. 74 0. 051 0.32
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