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Prediction of peak particle velocity induced by underwater blasting based on the
combination of grey relational analysis and genetic neural network

LIU Ya-qun, LI Hai-bo, PEI Qi-tao, ZHANG Wei
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: Underwater blasting is a complicated, nonlinear, and dynamic process of energy release. It is affected by many factors, and
its process has not been fully investigated at present. In order to accurately predict the peak particle velocity induced by underwater
blasting based on a small amount of field measurements, the GRA-GA-BP model is established based on the grey relational analysis
theory combining with the genetic neural network which has the nonlinear mapping and global searching capabilities. In the model,
the potential information of the small sample is fully discovered, and the main factors affecting the vibration velocity are reasonably
determined based on the grey relational analysis theory. Moreover, the problems of the neural network unable to automatically select
and optimize input variables in complicated and multivariate systems are solved, which enhances the adaptability and stability of the
genetic neural network. Finally, the GRA-GA-BP model is adopted to predict the peak particle velocity induced by underwater
blasting at Dajin Island in the first phase of Taishan nuclear power station. Compared with the results obtained by traditional genetic
neural network and the Sadaovsk formula, the prediction error of the GRA-GA-BP model is smaller and more stable. Therefore, the
proposed procedure provides an appropriate way to predict the peak particle velocity induced by underwater blasting.

Key words: grey relational analysis; genetic neural network; underwater blasting; peak particle velocity; prediction
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Table 1 Site monitoring results on underwater blasting
5 L/m a/m b/m wim s/m R/m H/m  P/(10kPa) g/kg dkg  Qkg TQkg VEHIRZHESE/ (cm/s)
1 7.8 3.0 3.0 4.0 1.9 97.4 35.7 7.7 12 54.0 80 960 2.010
2 7.9 3.0 3.0 4.0 1.9 136.7 35.4 7.4 1.3 50.0 78 1200 1.150
3 8.3 3.0 3.0 4.0 2.0 167.6 34.9 7.0 1.1 40.0 62 960 0.714
4 5.0 35 3.0 45 1.8 191.7 38.8 10.7 12 16.8 52 312 0.631
5 9.5 3.0 3.0 4.0 2.0 108.1 343 6.4 12 40.0 80 960 2.350
6 7.8 3.5 3.0 45 1.8 194.6 37.4 9.3 1.3 27.0 54 648 0.610
7 9.5 35 35 45 22 161.5 34.1 6.4 1.1 40.0 160 960 1.170
8 8.3 3.5 35 4.0 2.0 140.7 34.1 6.2 1.1 37.0 150 888 1.330
9 8.2 3.5 3.5 4.0 2.0 130.9 34.2 6.3 1.1 300 130 792 0.491
10 9.1 3.0 3.0 4.0 2.0 132.0 34.2 6.3 13 62.0 50 1200 0.553
11 10.3 3.0 3.0 4.0 2.4 153.9 32.6 5.1 12 49.0 80 960 0.783
12 8.6 3.0 3.0 4.0 2.0 155.5 34.5 6.6 12 40.0 80 960 0.694
13 9.1 3.0 3.0 4.0 2.0 116.4 34.0 6.1 12 38.0 65 960 0.670
14 104 3.0 3.0 4.0 2.5 110.8 32.8 5.4 12 37.0 50 960 0.444
15 101 3.0 3.0 4.0 2.4 199.6 32.8 53 1.1 40.0 55 960 0.843
16 107 3.0 3.0 4.0 2.5 103.2 32.7 53 12 51.0 78 960 1.080
17 106 3.0 3.0 4.0 2.5 97.8 32.6 52 12 40.0 80 960 1.930
18 9.5 3.0 3.0 4.0 22 173.4 33.7 6.0 12 39.0 78 960 1.150
19 9.3 3.0 3.0 4.0 22 158.2 33.7 6.0 12 35.0 70 960 0.699
20 6.5 3.0 3.0 4.0 1.6 1352 36.9 8.6 1.3 67.0 75 1200 1.030
21 7.9 3.0 3.0 4.0 1.9 1322 35.4 74 1.1 40.0 80 960 1.130
22 8.9 3.0 3.0 4.0 2.0 98.7 34.8 6.9 12 40.0 80 960 2.200
23 1L1 3.0 3.0 4.0 2.5 158.6 32.0 4.6 12 39.0 68 960 1.020
24 7.0 3.5 3.0 45 1.8 195.3 38.9 10.8 12 25.0 50 600 0.357
25 9.8 3.0 3.0 4.0 22 106.5 333 5.6 12 40.0 70 960 1.156
26 8.1 3.0 3.0 4.0 1.9 130.6 35.1 7.1 1.1 53.0 48 960 0.588
27 105 3.0 3.0 4.0 2.4 162.2 32.6 5.1 12 54.0 80 960 1.560
28 111 3.0 3.0 4.0 2.5 182.5 31.9 4.5 1.1 48.0 53 960 0.724
29 6.2 3.0 3.0 4.0 1.6 1358 372 8.9 1.3 48.0 75 1200 0.821
30 6.0 3.5 3.5 4.0 1.6 191.7 39.4 11.2 1.2 48.0 120 720 0.476
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Table2 Comparison of peak particle velocities induced by underwater blasting between site monitoring and prediction

e S I BRI A GA-BP [ 444571 GRA-GA-BP [W£5 57
(cm/s) T/ (cm/s) RFE % T/ (cm/s) R /% T/ (cm/s) RZE/%
25 1.156 1.445 25.00 1.162 0.52 1.261 9.08
26 0.588 0.876 48.98 0.762 29.59 0.657 11.73
27 1.560 0.816 47.69 1.097 29.68 1.705 9.29
28 0.724 0.555 23.34 0.624 13.81 0.611 15.61
29 0.821 1.034 25.94 0.761 731 0.872 621
30 0.476 0.778 63.45 0.589 23.74 0.417 12.39
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