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Fig. 2 Establishing the RF model of residential structure damage prediction
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Table 3 Training samples and identification results of RF model
g Qu/ R/ v/ ue! &/ HLOK/S) oo o B
kg m Hz (ecm-+s™') ms m % MPa S RF
X, 650 78.69 31.2 1.753 870 2.8 3.28 15 8 8 3 3 V, Vv,
Xo 650 82.57 18.6 2.714 1090 2.8 3.28 15 8 8 3 3 Vs Vs
X 780 37.92 38.3 0. 457 765 2.8 3.28 15 8 8 3 3 v, 8
Xs 780 89. 65 25.3 3. 896 820 3.5 2.16 10 6 8 3 3 V; V;
Xy 520 84.39 37.5 1.888 1215 6.5 2.87 25 8 10 4 4 Vv, Vv,
Xio 520 84.39 37.5 0. 865 310 6.5 2.87 25 8 10 4 4 8 8
X 780 86.61 39.5 3.215 1150 6.5 2.87 25 8 10 4 4 V; Vv,
X2 650 36.57 38.7 2.799 755 6.5 2.87 25 8 10 4 4 Vv, Vv,
Xios 400 81.56 27.5 1.222 255 10.5 2.58 50 10 10 5 5 8 8
x4 RFEBIA AR IR E R
Table 4 RF model test samples and recognition results
e Quuex/ R/ v/ Vppy/ At/ H/ K/ S/ o S. R By Wi 2
kg m Hz (ecm-+s ') ms m % MPa Sl A4 RE
Ci 780  121.46 26.6 0. 604 215 2.8 3.28 15 8 8§ 3 3 Vi \8 Vi
C, 900 78.25 39.7 2.979 785 2.8 3.28 15 8 8§ 3 3 Vv Vs vV,
C; 780 90.52 17.1 1.497 655 3.5 2.16 10 6 8§ 3 3 v, v, Vv,
C, 900 51.25 16.3 4.923 385 3.5 2.16 10 6 8§ 3 3 Vv vV vV,
Cs 650 78.64 17.3 1. 543 780 6.5 2.87 25 8§ 10 4 4 Vi Vi Vi
Cs 900 70.36  29.3 4.193 825 6.5 2.87 25 8§ 10 4 4 Vv, vV, Vv,
C; 650 33.25  39.6 3.536 1100 6.5 3.11 50 10 6 5 5 v, Vv, Vv,
Cs 650 70.38 30.9 1. 697 880 6.5 3.11 50 10 6 5 5 Vi \8 8
Cy 900 61.43 24.3 3.608 805 6.5 3.53 25 6 8§ 4 3 Vv, V; Vv,
Cio 650 72.47 23.3 1. 589 850 6.5 3.53 25 6 8§ 4 3 Vv, Vv, Vv,
Cu 900 48.37  26.3 4. 106 865 10.5 2.58 50 10 10 5 5 Vv, Vv, V,
Ciz 650  114.81 24.6 0.783 310 10.5 2.58 50 10 10 5 5 A Vi Vi
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Table 5 Confusion matrix drawn from Random forest

showing the classification error of training set
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Table 6 Confusion matrix drawn from Random forest

showing the classification error of test set
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Random forest model for identification of residential structure damage
induced by blast vibration

Fang Qiancheng', Shang Li', Shang Yonghui'**, Song Yi*
(1. Institute of Architecture and Engineering » Huanghuai University ,
Zhumadian 463000, Henan, China;
2. School of Civil Engineering ,» Central South University ,
Changsha 410075, Hunan, China;
3. School of Energy and Sajty Enginerring » Hunan University of Science and Technology ,
Xiangtan 411201, Hunan, China)

Abstract: In this work, aiming to the prediction speed and accuracy, we established a random forest
model for residential structure damage induced by blast vibration identification on the basis of the ran-
dom forest (RF) theory. Twelve indexes, i.e. peak particle velocity, dominant {requency, dominant
frequency duration, maximum charge per delay, distance, gray joints intensity, rate of brick walls,
height of housing, roof structures parameter, beam-column frames parameter, quality parameter of
construction and site conditions parameters, were considered as the criterion indices for this kind of
damage in the proposed model based on the of analysis of the characteristic parameters of blasting vi-
bration and dynamic characteristics of the housing structure. 108 sets of vibration measured data were
investigated to create an RF classifier. RF was a combination of tree predictors, and variable impor-
tance was measured by gini importance parameter when the forest grows. A random tree was a combi-
nation of decision trees, and each tree is generated depending on the values of random vectors sampled
independently, with the same distribution for all trees in the forest. The Gini importance value shows
that the peak particle velocity is the most important discrimination indicator, followed by the dis-
tance, the dominant frequency duration, the dominant frequency, the beam-column frames parame-
ter, the gray joints intensity, the roof structures parameter, the height of housing, the maximum
charge per delay, the quality parameter of construction, the rate of brick walls and the site conditions
parameters. Another twelve groups of residential structure damage instances were tested as forecast
samples, and the predicted results were identical with the actual situation. Engineering practices indi-
cate that the accuracy of the RF method of learning samples is 87. 97% , and the accuracy of the test
samples is 91. 7%, effectively verifying and supplementing the existing methods for evaluating resi-
dential structure damage induced by blast vibration.

Keywords: blasting vibration; residential structure damage; randomforest; peak particle velocity; pre-
diction
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