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Abstract: Urban seismic system is a complex system, and its resilience evaluation is an important
means to test the seismic capacity of the urban system. On the basis of summarizing the concept of ur-
ban seismic resilience, combined with the DSR model, the evaluation index system for the seismic re-
silience of the urban system is constructed from three aspects: disaster resistance factors, disaster
bearing factors and recovery factors. To solve the complex problems of fuzziness, randomness and
gray uncertainty in the index system, the gray whitening weight function cloud model is introduced.
Combined with the gray cloud model diagram of each index, the actual clustering coefficient of each in-
dex 1is calculated. Finally, the seismic resilience evaluation grade of the city is calculated according to
the maximum membership principle. Taking 14 cities in Northwest China as examples, the feasibility
and rationality of the presented method are verified. The results show that the urban seismic resilience
of Lanzhou and Wuwei is classified as level IV, and that of Baiyin, Tianshui, Zhangye, Pingliang, Ji-
uquan, Qingyang and Dingxi is rated as level III, while that of Jiayuguan, Jinchang, L.ongnan, He-

zuo and Linxia is at level II. The research results can provide a new method for the evaluation of urban
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seismic resilience.
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Table 1 The calculation method of digital feature of gray cloud model
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Table 2 Evaluation index of urban seismic resilience
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Table 3 Evaluation grade classification of urban seismic resilience
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FEIX A RALUE B Cay [0,30) [30,60) [60,90) [90,120) [120,150]
FFE A E I C,, [60%,62%) [62% ,64%) [64% ,66%) [66% ,68%) [68%,70%]
Pl Coy [1.6%,2.0%] [1.2%,1.6%) [0.8%,1.2%) [0.4%,0.8%) [0%,0.4%)
KW LR C,, [20%,32%) [32%,44%) [44% ,56%) [56% ,68%) [68%,80%]
[ R 2 ) .l [0,2) [2.4) [4,8) [8,10) [10,20]
W77 — A FEHUT YA Coy [0,20) [20,40) [40,60) [60,80) (80, 300]
WA R S A Cy, [1.2) [2,3) (3,4) [4,5) [5.8]
ISR MR AR S B Cy [9096,92%] [92%,94%) [94%,96 %) [96%,98%) [98%,100%]
KGRI ZRE ST Csy [0,4) [4,8) (8,12) [12,16) [16,40]
KU EBET) Cyy [0,5) [5,10) [10,15) [15,20) [20,25]
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C, (0.35,0.017,0.003) (0.25,0.017,0.003) (0.175,0.008,0.001)  (0.125,0.008,0.001)  (0.075,0.008,0.001)
C, (0.7,0.173,0.288) (2.04,0.1,0.017) (2.125,0.102,0.017)  (3.36,0.310,0.052) (5.508,0.407,0.068)
C, (0.9,0.033,0.006) (0.7,0.033,0.006) (0.5,0.033,0.006) (0.3,0.033,0.006) (0.1,0.033,0.006)
C, (0.225,0.008,0.001)  (0.275,0.008,0.001)  (0.325,0.008,0.001)  (0.375,0.008,0.001)  (0.425,0.008,0.001)
C; (0.075,0.025,0.004)  (0.225,0.025,0.004)  (0.375,0.025,0.004)  (0.525,0.025,0.004)  (0.675,0.025,0.004)
Cs (0.075,0.025,0.004)  (0.225,0.025,0.004)  (0.375,0.025,0.004)  (0.525,0.025,0.004)  (0.675,0.025,0.004)
C, (50,16.667,2.778) (150,16.667,2.778) (250,16.667,2.778) (350,16.667,2.778) (450,16.667,2.778)
Cq (0.9,0.033,0.006) (0.7,0.033,0.006) (0.5,0.033,0.006) (0.3,0.033,0.006) (0.1,0.033,0.006)
G, (0.95,0.017,0.003) (0.85,0.017,0.003) (0.75,0.017,0.003) (0.65,0.017,0.003) (0.55,0.017,0.003)




x6

B b i X 3 7 51 R W R AR R AR AR L BUIR

Table 6 Standardized data of urban seismic resilience evaluation index in Northwest China

75 Wl G, C, C, C, C, C, C, C, C, Cu Cy
1 XL 0.400  1.000  0.159  0.967  0.741  0.821  1.000  0.731  0.111  0.436  0.000
2 FIAEH  0.600  0.099  0.000 1.000 0.328  0.196  0.005 0.307  0.044  0.199  0.834
3 G ET 0.600  0.125 0.270  0.900  0.000  0.000  0.000  0.048 0556  0.000  0.984
4 4R T 0.000  0.190 0.587 0.833 0.086 0.143 0475 0015 0422 0.388  0.912
5 Kok 0.000  0.256  0.825 0967 0.724  0.821  0.209  1.000  1.000  0.804  0.943
6 g 0.400  0.191  0.746  0.833 1.000 1.000  0.468  0.358  0.600  1.000  0.974
7 KA T 0.800  0.174  0.651  0.900  0.655 0.786  0.241  0.306  0.000  0.705  0.885
8 T T 0.600  0.177  0.762  0.967  0.431  0.589  0.069 0932  0.844 0.419  0.678
9 T S i 0.600  0.250  0.460  0.900  0.448 0.375 0.567  0.000  0.000  0.364  0.901
10 RN 1.000  0.306  0.825  0.700  0.138  0.089  0.584  0.385  0.333  0.634  0.669
11 E PG TI 0.600  0.159  0.857  0.533  0.672  0.732  0.315  0.633  0.489  0.747  0.976
12 Bl 7 Tl 0.400 0.172 0921  0.833  0.207 0.250  0.000  0.671  0.400  0.858  0.999
13 e 0.800  0.000  1.000 0.033  0.224  0.143  0.000  0.002 0733  0.878  0.988
14 Il 5L 1t 0.800  0.015  0.905 0.000 0.138  0.107  0.005 0.305 0.511  0.890  1.000

Jrs Wi Cp Cy Cy o Cy Cy Cis Cy Cy C., Coy
1 =Rl 0.946  0.000  0.000  0.000  0.000  0.095 0.000  0.000  0.400  1.000  1.000
2 FIAEH  0.000 0933 1.000 1.000 0.000 1.000  0.932 0.998  0.800  0.062  0.010
3 &aT 0.884  0.974 0.994 0983 0.563 0.429 0.916 1.000  0.200 0.113  0.031
4 R T 0.961  0.934 0.825 0.795 1.000 0.095 0.877  0.937 0.000 0.247  0.116
5 Kok i 1.000  0.948  0.576  0.274  0.313  0.238 0951  0.878  0.400  0.691  0.391
6 gk 0.988  0.975  0.797 0785 0.813  0.429  0.970  0.888  0.000  0.289  0.180
7 KA T 0.982  0.971  0.638 0.875 0.063 0.048 0.932  0.943  0.200 0.309  0.137
8 Tt 0.997  0.989  0.017 0.765 1.000 0.333  0.863 0.844  0.000  0.299  0.146
9 R 0.966  0.989  0.814 0.860  0.000  0.000  0.916  0.959  0.400  0.227  0.083
10 P BH T 0.996  0.989  0.718  0.684  0.000  0.000 0.839  0.739  0.200  0.155  0.143
11 FE T T 0.995 1.000 0718 0.681 0.563 0.381  0.970  0.953  0.200  0.103  0.106
12 Bl 7 117 0.997  0.993  0.729  0.659  0.875 0.857  1.000  0.953  0.600  0.000  0.000
13 AT 0.999  0.980  0.960 0.746  0.813  0.381  0.988  0.955 0.800  0.082  0.056
14 Il B T 0.997  0.989  0.774 0.801  0.563  0.429  0.989  0.934 1.000  0.124  0.060

A=2 i) Co Cyy o Cas Cy Co o Cy Cy, Cy Cy
1 =Rl 1.000  1.000  1.000  0.581  0.920  0.689  1.000  0.808  1.000  0.069  0.582
2 FIAEH  0.019  0.000 1.000 0.581 0.280  1.000  0.075  1.000  0.500  0.057  0.771
3 & aT 0.000  0.112  0.907 0.581  0.000 1.000 0.081  0.908 0.000  0.076  1.000
4 R T 0.088  0.150 0.722  0.839  0.480 0.382 0.125 0489 0.375  0.000  0.307
5 Kok 0.161  0.305 0.352  0.806  0.660  0.063  0.209  0.350 0.375  0.413  0.193
6 gk 0.174  0.021  0.537 0935 0.720 0.081  0.113 0414 0625 0.371  0.095
7 S 0.044  0.060 0.630 0.871 0.800  0.153  0.107 0.302 1.000 0.728  0.532
8 - 0.048 0.172  0.259 0.871  0.880  0.045 0.131  0.398  0.000  0.177  0.300
9 W R 0.040  0.073  0.907 0.806 0.780  0.212  0.151  0.789  0.500  1.000  0.464
10 NN 0.062  0.047 0.167 0871 0.520 0.452 0.244  0.508 0.250  0.163  0.229
11 FE T T 0.062  0.073  0.352 1.000 0.980  0.009  0.097 0.244 0625 0.526  0.294
12 Bl 7 Tl 0.011  0.060 0.361 0.871 1.000 0.002  0.093 0.202 0.750  0.121  0.000
13 AR 0.074  0.056 0.176  0.871  0.920  0.000  0.000  0.149  0.875 0.052  0.011
14 Il B i 0.104  0.099  0.000 0.000 0.866  0.030  0.013  0.000  0.500  0.133  0.005
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Table 7 Weight data of C,~C, evaluation index

AR bR CRITIC X # G1AE ZEERE

C, 0.037 4 0.0620 0.0131

C, 0.018 7 0.206 6 0.0219

C, 0.030 2 0.040 3 0.006 9

C, 0.034 9 0.016 3 0.003 2

Cs 0.032 9 0.6450 0.120 1

Cy 0.035 6 0.384 6 0.077 5

C, 0.027 9 0.1127 0.017 8

C, 0.038 4 0.020 3 0.004 4

C, 0.036 5 0.027 0 0.005 6

x8 WHHZENMEEESEEER
Table 8 Comprehensive evaluation grade of urban seismic resilience
bk GRERAR ; AL A5 %
K(I) K(II) K K(IV) K(V)

XN 0.125 2 0.2110 0.238 6 0.324 7 0.022 5 v
FER ST 0.014 8 0.297 2 0.196 2 0.1125 0.2425 1l
Ea= it 0.075 2 0.143 2 0.127 4 0.052 6 0.0125 1l
4R T 0.0125 0.027 5 0.198 3 0.112 9 0.099 2 I
KoK 0.126 7 0.074 2 0.492 6 0.086 4 0.289 4 I}
BT 0.0125 0.076 1 0.052 4 0.129 4 0.086 2 I\
KA T 0.112 3 0.172 4 0.338 2 0.017 8 0.073 4 i
S 0.001 3 0.112 3 0.283 4 0.2391 0.097 2 I
IR T 0.082 3 0.0158 0.112 6 0.001 2 0.009 9 I}
FRBH T 0.1120 0.410 2 0.7211 0.241 2 0.3412 I
SE P 0.001 2 0.1120 0.4921 0.2417 0.003 4 I
A 0.294 8 0.3859 0.001 2 0.027 5 0.1119 1l
Y i 0.124 1 0.247 1 0.167 2 0.001 5 0.006 7 1
I & i 0.096 8 0.196 3 0.081 4 0.012 4 0.1125 II
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