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Comprehensive evaluation of urban earthquake vulnerability
under the framework of PSR

LI Jianglong, FAN Yanyan
(School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou, Gansu 730070, China)

Abstract: Assessment indicator system of comprehensive earthquake vulnerability in cities is established, which is aimed to
reduce the vulnerability in cities, for the purpose to conduct scientific evaluation on earthquake vulnerability.The system is
based on pressure-state-response (PSR) model framework, respectively the indicator is 7, 13 and 8 items. The assessment model
of comprehensive earthquake vulnerability in cities, based on cloud model, is brought up by determine the weights of each
indicator through the method of entropy weight. At the same time, radar maps are applied to analyse the relativity of
comprehensive vulnerability in different districts in cities. An evaluation on comprehensive vulnerability after earthquake
damage in center districts in Lanzhou was conducted by application of above mentioned methods. The result shows that
comprehensive vulnerability in Lanzhou deviates to level Il with a medium vulnerability. Honggu and Anning Districts suffer
from higher vulnerability while Chengguan and Qilihe Districts bear the lower. In addition, economic elements have a rather
prominent impact on the vulnerability in the various districts. Reinforcing management and construction in more vulnerable
districts can improve their capacity in the act of earthquake prevention and disaster reduction.
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Table 1 Evaluation index system for comprehensive vulnerability of urban earthquake
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Table 2 Digital characteristic of evaluation level
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Table 3 Basic data statistics of five central urban districtsin Lanzhou City
'J'IE'{‘*/_R Cl 1 CZ 1 CZZ C23 C24 C25 C26 CS 1 C32 C33
WX 0.200 99.120 0.030 6 332.000 13.120 6.230 4.800 624.660 239 568.750 102 878.160
L B X 0.200 83.610 0.360 1 458.000 15.560 15.300 3.800 1153.230 117 122.500 45 088.580
P4 i X 0.200 87.280 0.110 1 023.000 17.890 17.750 3.670 1105.180 101 151.250 29 424.000
LTIX 0.200 100.000 0.000 3 443.000 20.860 19.010 3.190 288.310 42 590.000 23 285.180
iy X 0.150 78.170 0.400 263.000 27.120 26.100 3.100 1 633.740 31942.500 11 007.540
ﬂﬁ’ *’T‘ C34 C3 5 C4 1 C42 C43 C44 CS 1 CS 2 CS 3 C54
WX 8950.359  2041.200 82.400 1.910 1 188.000 1 009.000 72 396.000 6.900 36 326.000 86.300
L B X 3922.685 894.600 82.100 1.960 1 324.000 1 124.000 79 074.000 6.000 28 534.000 62.600
PY [ X 2 559.875 583.800 81.300 2.010 1 751.000 1 487.000 110 782.000 4.300 33 150.000 38.200
ZTIX 2 025.805 462.000 83.600 1.830 935.000 794.000 59 814.000 6.600 32 574.000 61.500
it X 957.650 218.400 85.600 3.150 1 488.000 1 264.000 92 080.000 8.600 25 720.000 31.000
fibw Cei Cor Cn Cn Cr3 Co Css Crs
WX 82.050 28.950 1270.055  7709.000  400518.000  438.000 85.360 76.470
L B X 55.200 17.030 1 247.305 6 141.000 210 098.000 231.000 71.050 66.320
PU [ X 48.970 11.750 566.395 6 338.000 124 664.000 144.000 68.360 63.100
ZTIX 36.440 11.250 362.895 5370.000 117 027.000 96.000 66.070 60.560
2 X 32.320 7.260 854.675 4 657.000 52 393.000 54.000 56.320 41.180
F4a4 ZMH S ADHOEX G EIEN T E ML AL E
Table 4 Dimensionless of statistical data of five central urban districts of Lanzhou
*E‘ *"I‘ Cl 1 C21 CZZ C23 CZ4 C25 CZ() C}l C32 C33
IR X 1.000 0.991 0.075 1.000 0.484 0.239 1.000 0.618 0.000 0.000
LR 1.000 0.836 0.900 0.230 0.574 0.586 0.792 0.294 0.511 0.562
P4 X 1.000 0.873 0.275 0.162 0.660 0.680 0.765 0.324 0.578 0.714
LTI 1.000 1.000 0.000 0.544 0.769 0.728 0.665 0.824 0.822 0.774
X 0.750 0.782 1.000 0.042 1.000 1.000 0.646 0.000 0.867 0.893
Bt Cy, Css Cyy Cypy Cy Cu sy Cs, Cs3 Cs4
IOEIX 0.000 0.000 0.037 0.606 0.322 0.679 0.347 0.198 0.000 0.000
£ R X 0.562 0.562 0.041 0.622 0.244 0.756 0.286 0.302 0.215 0.275
P4 [ X 0.714 0.714 0.050 0.638 0.000 1.000 0.000 0.500 0.087 0.557
LTI 0.774 0.774 0.023 0.581 0.466 0.534 0.460 0.233 0.103 0.287
X 0.893 0.893 0.000 1.000 0.150 0.850 0.169 0.000 0.292 0.641
Ei=tan Ce1 Cer Gy Co Cr Cry Css Cs
IIEIX 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
£ R 0.327 0.412 0.018 0.203 0.475 0.473 0.168 0.133
P4 [ X 0.403 0.594 0.554 0.178 0.689 0.671 0.199 0.175
ZTIX 0.556 0.611 0.714 0.303 0.708 0.781 0.226 0.208
X 0.606 0.749 0.327 0.396 0.869 0.877 0.340 0.461
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Table 5 Cloud characteristic for comprehensive evaluation of earthquake vulnerability in center districts of Lanzhou

Jeizzan B RHIE — 2RI A BFHHE R FERR A HFRHIE
¢ 0.030 (0.950,0.100,0.050) cy 0.030 (0.950,0.100,0.050)
Gy, 0.021 (0.896,0.099,0.025)
Cy 0.039 (0.450,0.501,0.178)
Gy 0.018 (0.395,0.377,0.079)
G 0.155 (0.626,0.278,0.103)
Cyy 0.038 (0.697,0.188,0.067)
Cys 0.025 (0.647,0.235,0.143)
Cy6 0.014 (0.773,0.123,0.070)
Gy 0.039 (0.412,0.310,0.070)
Cy, 0.045 (0.556,0.301,0.171)
G 0.228 (0.552,0.307,0.150) Cy3 0.050 (0.588,0.308,0.165)
Cy, 0.046 (0.588,0.308,0.165)
Css 0.048 (0.588,0.308,0.165)
Cy 0.018 (0.030,0.019,0.006)
B C. 0.050 (0.690,0.156,0.080)
WRTTER A SR (0.554,0.210,0.088) c, 0.124 (0.491,0.086,0.042) g
Ca 0.038 (0.236,0.162,0.069)
Cy 0.018 (0.764,0.162,0.069)
Cs 0.051 (0.252,0.168,0.051)
Cs, 0.018 (0.247,0.155,0.093)
Cs 0.148 (0.508,0.113,0.032)
Cs3 0.031 (0.139,0.114,0.009)
Cs, 0.048 (0.352,0.248,0.060)
Ce1 0.039 (0.378,0.215,0.105)
Ce 0.074 (0.423,0.240,0.108)
Ce 0.035 (0.473,0.268,0.112)
Cy 0.044 (0.323,0.314,0.046)
Cy, 0.021 (0.216,0.134,0.064)
Cy3 0.055 (0.548,0.311,0.129)
C, 0.241 (0.562,0.201,0.077)
Cyy 0.028 (0.560,0.325,0.123)
Cys 0.049 (0.187,0.103,0.067)
Cys 0.044 (0.195,0.140,0.094)
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Fig. 1 Comprehensive vulnerability cloud map of center districts in Lanzhou
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Fig.2 Radar map of comprehensive vulnerability of various regions in central districts of Lanzhou
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Table 6 The calculation results of the characteristic quantity
of various regions in central districts of Lanzhou
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