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Application of GM-BP Combination Prediction
Model in Bridge Construction Monitoring
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Abstract; In order to improve the prediction accuracy of the gray theory model in bridge
construction monitoring, a method to improve the gray theory prediction model is proposed.
Aiming at the shortcomings of traditional gray theory prediction models such as poor prediction
results under irregular data conditions, a method of combining gray theory and neural network
prediction models is proposed, and the grey theory-neural network combined prediction model
(hereinafter referred to as GM-BP combined prediction model ) is applied to the expansion of
BMW Brilliance Dadong Plant. It can be verified in the construction monitoring of continuous T-
structure engineering of special railway line of energy project. In the construction monitoring of the

YrFs BHE 2021 -07 - 16
BEE&WB .1+ =0 ERE S LR S L0450 H (2018 YFC0809606 )
EBEEN A (1971—) 55 8052, i+, EZ NS R TR must,



552 1) FL e 5 - GM-BP 21 45 TS B A M i T 42 v o 1 297

continuous T-structure engineering of the railway dedicated line for the expansion project of BMW
Brilliance Dadong Factory, the relative error of the prediction result of the GM-BP combined
prediction model is between 0. 01% and 0. 1% ,and the relative error of the prediction result of the
single gray theory prediction model is between 0.01% and 0.41% . The GM-BP combined
forecasting model makes up for the shortcomings of the gray theoretical model’s poor nonlinear
fitting ability ,and at the same time reduces the data demand of the neural network model. It can
also achieve high-precision forecasting in the case of irregular feature data and a small number of
samples. It provides an effective method for the prediction of construction monitoring, so that it can
be better applied to the construction monitoring of cantilever bridges.

Key words: construction monitoring; multivariable grey prediction model; neural network;
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Fig.1 Half elevation of bridge cantilever
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Table 1 Original data sheet of construction monitoring
i NAE/10 =6 AT/ T FAVER R/ Pa W/ C B E /KN FriE/m
0 FH 3 626 31.2 35 700 23 893.155 69.033
1 54 3 609 31.4 35 900 25 1 883.778 68.997
2 B 3570 32.1 36 200 26 2793.954 68.945
35 3518 29.9 36 800 26 3632.115 68.896
4 5 3511 30.1 36 200 30 4 406.269 68. 805
5 B 3 485 36.3 35 900 28 5123.997 68.761
6 T 3 467 2.7 36 100 19 5 899.787 68.651
75 3 457 26.8 36 000 22 6 619.110 68.584
8 Sk 3 421 36.0 36 000 22 7291.807 68.512
9 Sk 3 426 37.1 35 800 21 7 926.930 68.426
10 Sk 3394 23.4 35 800 20 8 532.743 68.336
11 54 3374 36.5 35 800 20 9 116.721 68.272
12 5 3357 31.8 35 800 18 9 691.552 68.158
13 5k 3 341 32.1 35 800 17 10 266. 384 68.094
14 S 3316 22.5 35 900 18 10 841.2158 67.992
15 54k 3341 17.2 35 900 16 11 416.0462 67.907
[1 626 71600 48 2776.933 72357 [ 138.03 ] u=[0.480 624 413 0.027 237 355 0.000 571 76
1947 107800 74 5570.887 10805 206.975 0.033 774 263 0.000 349 393  0.012 756 603 |
11246 144600 100 9203.002 14323 275.871 (3) e (14) 158 BFUS il ;
11547 180800 130 13609.27 17834 344,676 Yoo =u(l) +u(2) xx20,, +u(3) x
1 191.0 216700 158 18733.27 21319 413.437 x30,, +u(4) xx40,, +u(5) xx50, +
1 233.7 252800 177 24633.06 24786 482.088 u(6) xx60, . (14)
1 260.5 288800 199 3125217 28243 550,672 THEASR] En 5 I E y, @ (11)
B=| 1 296.5 34800 221 3854397 31664 |\¥=| 619.184 | SUB0Ks T E A IR TR = Z
I 3336 360600 242 46470.90 35090 687.610 y=[69.087 138.00 206977  275.857
1 357.0 396400 262 55003.65 38484 755.946 MATIS 413.423 482157 550.625
I 393.5 432200 282 64120.37 41858 824.214 619.120 687.783  755.842 824.207
14253 468000 300 73811.92 45215 892.376 892,360 O60.484 1028.320 1096.463] "
I 457.4 503800 317 84078.30 48556 960. 456 7=069.033 68.923 68.967 68880
1 479.9 539700 335 94919.52 51872 1028. 448 63850 68708 68734 68,469
L1 497.1 575600 351 106335.6 552131 | 1096.355 0495 68663 65,050 65,365
(2) A e/ 3k R4 = (13) 74 2
68.153 68.124 68.836  68.144] "
%%‘5&% u;

u=(B xB) x10"' xBxY. (13)

(4) X 2272 S 40 T 00 A2 250 g o000 A5 24
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Table 2 Elevation prediction results and accuracy test of multivariable grey prediction model

JIFAE A Z/m Z,/m &/m Zio/%
053k 69.033 0 69.033 0.00 0.00
153k 68.922 6 68.997 0.07 0.11
2 5 68.967 4 68.945 -0.02 -0.03
35 68.880 1 68. 896 0.02 0.02
45 68.858 7 68. 805 -0.05 -0.08
55 68.707 6 68.761 0.05 0.08
6 S 68.733 8 68.651 -0.08 -0.12
7 FH 68.468 6 68.584 0.12 0.17
8 S 68.495 0 68.512 0.02 0.02
9 S 68.662 5 68. 426 -0.24 -0.35
10 54k 68.059 0 68.336 0.28 0.41
11 FHe 68.364 8 68.272 -0.09 -0.14
12 Sk 68.153 2 68.158 0.00 0.01
13 Sk 68.124 3 68.094 -0.03 -0.04
14 FH 67.8357 67.992 0.16 0.23
15 5 68.143 6 67.907 -0.24 -0.35

IE:Z  GM(0,5) T ELSUNE ; Z, S S5ME ;& 5 GM(0,5) TN R AT i 22
M 272 K AT A L 25 - ] 2.3 GM-BP A& TNEEME SH

TR EHE AL S RE B BRI 2 R IR ST GM(1,1)
i BB BORIY ,GM(0,5) TINAC IR T TR RS BT A5 722 5 50 A7 00, 900 %
MEERAARTIRETE0.01% ~0.41% FEM:  JEERIE 3,

B RO, BN AN AR,

R3 GM(1,1) TR AL P25 Rk
Table 3 Prediction results of GM(1,1) prediction model on variables

(VA= W/ C I s/ C B /KN ¥ A5/10 ~° WML L/ Pa
0 S 23.00 31.20 893.16 3 626.00 35 700. 00
1 54 27.89 35.02 3567.62 3 576.44 36 231.49
2 SH 26.89 34.41 3903.84 3 556.34 36 197.33
3 SH 25.93 33.81 4271.74 3 536.36 36 163.20
4 54 25.00 33.23 4674.31 3516.48 36 129. 10
5 51 24.10 32.65 5114.82 3 496.72 36 095.03
6 T 23.24 32.09 5596.85 3 477.07 36 061.00
7 SH 22.41 31.53 6 124.30 3457.53 36 027.00
8 Tt 21.60 30.99 6701.46 3438.10 35 993.03
9 S 20.83 30.45 7 333.01 3418.78 35 959.09
10 53k 20.08 29.92 8 024.08 3399.57 35 925.19
11 53 19.36 29.40 8 780.28 3 380.46 35 891.32
12 S 18.67 28.90 9 607.74 3361.46 35 857.48
13 T3 18.00 28.40 10513.18 3342.57 35 823.67
14 S 17.36 27.90 11 503.95 3323.79 35 789. 89

15 Sk 16.73 27.42 12 588.09 3305.11 35 756. 14
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r0.721 0.842 0.872 0.824 0.2897
1.000 0.498 0.000 0.562 0.000
0.117 0.128 0.233 0.114 0.823
0.414 0.470 0.551 0.437 0.497
0.659 0.765 0.807 0.741 0.323
0.058 0.064 0.169 0.056 0.907
0.235 0.261 0.360 0.236 0.674
0.597 0.689 0.743 0.661 0.361
0.783 0.920 0.936 0.910 0.257
0.176 0.194 0.296 0.174 0.745
0.846 1.000 1.000 1.000 0.229
L0.000 0.000 0.106 0.000 1.000]
[0.000 0.000 0.106 0.000 1.000]
0.294 0.329 0.424 0.300 0.610
T=[0.536 0.424 0.679 0.583 0.402 |.
0.475 0.300 0.615 0.508 0.447
10.354 0.610 0.488 0.367 0.551 |
(3) BE IR AE S A P22 N 2% 1047 11 45
B AR i AV S5 J 118 4 28 TN 245445 28] T 45
PEEFE S, B o e JE 4 S 3 — 1k ih #1455
T AR Y

S =[0.009 0.377 0. 675 0.597 0. 446 |,

Y = [ 67.918 68.331 68.667 68.579
68.410].

W e TN 1145 R O PR 2 B A VI e
(A0 28 0 4%, 2 UA — 1k 5 75 31 45 A BOA,
GM-BP 414 701 0 A 764 T 000 25 SR 55 0 B
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Table 4 Prediction accuracy test of GM-BP

combined prediction model

FRfEfi®  Z/m  Z/m  &/m ;—;/%
058 69.032  69.033 0.001 0.00
158 68.930  68.997 0.067 0.10
258 68.904  68.945 0.041 0.06
358 68.866  68.896 0.030 0.04
458 68.814  68.805 -0.009 -0.01
558 68.747  68.761 0.014 0.02
658 68.667  68.651 -0.016  -0.02
75 68.579 68.584 0.005 0.01
8 SH  68.492  68.512 0.020 0.03
9 5H  68.410  68.426 0.017 0.02
10 58 68.331  68.336 0.005 0.01
1158 68.253  68.272 0.019 0.03
1258 68.171 68.158  -0.013 -0.02
1358 68.085  68.094 0.009 0.01
1458 67.999  67.992 -0.007 -0.01
1558 67.918 67.907 -0.011 -0.02
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Fig. 6 Error diagram of neural network
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Fig.7 Training status of neural network
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Fig.8 Regression curve of neural network
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Fig. 9 Comparison results between GM (0,5) prediction model and GM-BP combined prediction model
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