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Abstract: The masonry is a kind of structure which exists in a large quantity and a wide area in our country.
The seismic vulnerability analysis of masonry for a region is helpful to grasp the overall seismic performance of
masonry structures and has important guiding significance for the earthquake prevention and disaster reduction
work in the region. This paper collects and sorts out the post—earthquake damage data of masonry structures in
Yunnan from 2001 to 2010, and analyzes the seismic damage matrix obtained after the earthquake. It is found

that there is little correlation between the seismic performance of masonry structures in rural area and the seismic
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fortification standards in Yunnan Province, and there is strong correlation between the masonry structure in
urban area and the seismic fortification standards in the area. Due to the lack of seismic damage data in the IX
and X intensity areas, an incomplete empirical damage matrix of masonry structures in rural and urban areas in
Yunnan is given. The tower probability density distribution function is further used to fit the distribution of the
seismic damage index, and the seismic damage distribution under other intensities is obtained according to the
standard seismic damage matrix and the known damage distribution of buildings under a certain intensity.
Finally, the seismic damage matrix and vulnerability curve of masonry structures in rural and urban areas in
Yunnan are given.This research can provide reference for earthquake prevention and disaster reduction planning
and earthquake disaster prediction in Yunnan Province

Keywords: Masonry structure; Seismic damage matrix; Structural vulnerability; Yunnan region; Rural and

urban areas
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Table 1 Statistics of seismic damage data of masonry structures in Yunnan area from 2001 to 2010

— - ERIRE
F= AN/ -
HARSET  BREEA PERER TREMER O BER
2001-03-12 it M.5.0 2% VI 0.6203 0.3797 0 0 0
" Vi 0.7033 0.2709 0.0226 0.0032 0
2001-04-10 i) M5.9 2%
Vi 0.3463 0.322 0.2636 0.0497 0.0184
2001-05-24 TTR—3hJH M5.8 9% Vi 0.7033 0.2832 0 0 0
2001-06-8 Jtifa] M,5.3 2% Vi 0.7478 0.221 2 0.031 0 0
2001-07-10 H#E M5.3 2% Vi 0.8392 0.160 8 0 0 0
2001-07-15 L)1 M5.1 %% Vi 0.9157 0.084 3 0 0 0
) VI 0.8047 0.195 3 0 0 0
2001-10-27 7k M.6.0 2%
Vi 0.6927 0.215 8 0.0915 0 0
VI 0.8122 0.152 6 0.0351 0 0
2003-07-21 KWk M6.2 % Vi 0.5738 0.2672 0.1472 0.0115 0
VI 0.1092 0.291 0.4643 0.1282 0.007
VI 0.7316 0.2073 0.0419 0.0188 0
2003-10-16. K8k M6.1 2% VI 0.5347 0.3003 0.0896 0.0753 0
VI 0.1956 0.5565 0.1597 0.0743 0.0139
VI 0.6728 0.272 0.0485 0.0067 0
2003-11-01 &4 M5.1 &%
Vi 0.3769 0.3783 0.0691 0.1735 0.0022
VI 0.7087 0.2266 0.0515 0.013 0
2003-11-26 €8] M5.0 2%
Vi 0.244 4 0.365 0.2804 0.1102 0
VI 0.7087 0.2266 0.0515 0.013 0
2004-08-10 &) M,5.6 2
Vi 0.2444 0.365 0.2804 0.1102 0
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(1)
My Ay RS
= ’“X RS REEER PR TERER B
VI 0.7533 0.2467 0 0 0

2004-10-19 {R1LFEFH M.5.0 2%

VI (3 0.876 0.1136 0.0074 0.003 0
2004-12-26 B M,5.0 2% VI 0.8385 0.1601 0.0014 0 0
2005-01-26 JEF M5.0 2% VI 0.7623 0.1928 0.0179  0.0269 0
2005-08-13 32111 M5.3 2% Vi 0.8719 0.1174  0.0081 0.0054 0
2006-01-12 T M,5.0 2% Vi 0.7361 0.2253 0.0386 0 0
2006-07-22 £hidt M5.1 2% VI 0.7386 0.1843 0.0545 0.0225 0
2006-08-25-20 H7E 115.1 M 4.7 2 VI 0.7946 0.1783 0.0271 0 0
VI 0.5185 0.3209 0.116 0.0446 0
VI 0.7435 0.2565 0 0 0
i 0.1736 0.6473 0.179 0 0
2007-06-03 TH M6.4 % VII 0.0826 0.2017 0.3671 0.331 0.0176
VICEZFEIIX) 09328 0.0672 0 0 0
VII(T{HEEIRX ) 0.2256 0.4232 0.2146 0.1184 0.0182
2008-03-21 #2471 M,5.0 %% VI 0.8516 0.1352 0.0132 0 0
VI 0.7662 0.1571 0.049 0.02 0.0077
i 0.5216 0.2779 0.1367 0.0456 0.0182

2008-08-20~21 Z2/1 M,5.0~M4.9-M 5.9 %
VI 0.2312 0.3705 0.1503 0.1323 0.1157
VI (BB 0.7453 0.1941 0.0606 0 0
20081226 5455 M4.9 5% E? 0.8172 0.1559 0.0269 0 0
VI (BN ) 0.824 0.1744 0.0014 0.0002 0
VI 0.7758 0.2111 0.0131 0 0
VI 0.5205 0.3816 0.0979 0 0
2009-07-09 WkZ? M.6.0 %% VI 0.2836 0.5549 0.1058 0.0557 0
VICRBEESS)  0.8113 0.1887 0 0 0
VI(Bk22Ed)  0.5476 0.26 0.1846 0.0078 0
2010-02-25 JCik M.5.1 2% VI 0.8105 0.1459 0.025 0.0186 0
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Table 2 Seismic fortification intensity in the area where

seismic damage data are located
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Fig.1 The intact proportion of masonry structure in rural areas of Yunnan at VI degree
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Fig.2 The minor damage proportion of masonry structure in rural areas of Yunnan Province at VI degree
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Table 3 Mean and variance of seismic damage data

Vi VI VI VI el
37874 -
ESIIED FHE FE HiE FE
N 0.8719 0.7763 0.0042 0.7776 0.0048 0.6203 0.7742 0.0052
SRR 0.1174 0.1863 0.0020 0.2040 0.0044 0.3797 0.1962 0.0041
ZEE22IN 0.0081 0.0310 0.0005 0.0141 0.0002 0 0.0241 0.0004
P EE AR 0.0054 0.0059 7.3E-05 0.0043 0.0001 0 0.0052 7.27E-05
E27 0 0.0005 3.7E-06 0 0 0.0003 2.37E-06
*4 ZHBREREEFER
Table 4 Seismic damage data in urban area of Yunnan Province
— bEfH THHE BT T 7S
VIl VIl i VIl i
FEARSELT 0.876 0.9328 0.7453 0.824 0.8113
=N 0.1136 0.0672 0.1941 0.1744 0.1887
R 127N 0.0074 0 0.0606 0.0014 0
P EE AR 0.003 0 0 0.0002 0
BRER 0 0 0 0 0
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Table 5 Statistical seismic damage matrix of masonry

structure in rural area of Yunnan Province

2724 VI VI VI
FRGER 0.774 0.449 0.178
N 0.196 0.339 0.364
FREERER 0.024 0.159 0.263
FEE A 0.006 0.048 0.161
IR 0 0.005 0.034

*® 6 ZEWHEMEEHGITREER

Table 6 Statistical seismic damage matrix of masonry

structure in urban area of Yunnan Province

278 214 VI VI VI
SR SELT 0.838 0.548 0.226
SRR 0.148 0.260 0.423
FREERER 0.014 0.184 0.215
FEE R 0 0.008 0.118
IR 0 0 0.018
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Table 7 Seismic damage matrix of masonry structure with

basic intensity VI in Class III area

g M VI VI X X

FEARSELF 06079 05264 03416 0.1512  0.0243
BREER 02923 02711 02621 02107 0.0774
IR 00761 01301 02188 02667  0.2038
TEEAVER 0021 00569  0.1274  0.2323  0.3315

PR 0.0027 00155 0.0501  0.1391  0.3630
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Table 8 Seismic damage matrix of masonry structure with

basic intensity VI in Class III area

BrER M VI VI IX X

FEARSEL 07448 07434 0.6399 04796 0.2359
THREEER 02097 0.1708  0.1855  0.1987  0.1858
MR 00356 00562  0.1049  0.1679  0.2249
FEERR 00087 00232 0.0501  0.0992  0.1966
BHER 0.0012 0.0064  0.0196  0.0546  0.1568
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Table 9 Expected values of seismic damage index under different seismic intensities

R VI Vi VI X X
T 2 X EEA U R VI 2 SRR 0.143 0.195 0.303 0.459 0.676
I B IX FEAZURE A VIl R 0.107 0.122 0.172 0.260 0.432
=R R TR 0.097 0.201 0.343
= FERIX VAR R 0.082 0.168 0.292

F10 BRETEERENAE

Table 10 Variances of seismic damage index under different seismic intensities

AR Vi il VI IX X
T S X EEAC RS O VI RE SR 0.022 0.043 0.071 0.088 0.067
T S X EEA R R VA 25 S5 A 0.013 0.024 0.044 0.073 0.100
= PR A E R 0.010 0.035 0.060
7= P A 0.006 0.025 0.051
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Table 11 Expected values and variances of seismic damage index under seismic intensities in Yunnan
P —— _ ﬁﬁ%ﬂ%g _ 753%@#
TRERNSGITEFHESE mEBXSITREFEE mEANSITTEFESE SRS E AR
Vi 0.097 0.082 0.010 0.006
VI 0.201 0.168 0.035 0.025
VIl 0.343 0.292 0.060 0.051
X 0.499 0.38 0.077 0.08
X 0.716 0.552 0.056 0.107
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Table 12 Seismic damage matrix of masonry structure in
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Table 14 The correspondence between seismic intensity
and PGA and PGV

rural area of Yunnan Wy PGA/ IREVER PGV/ IREVER

TR 2, VI VI Vil IX X e m-s?) (m+s?) (m-s™) (m-s™)
FARSEF 0774 0449 0178 0.085  0.009 VI 0.63  045-089  0.06  0.05-0.09
SRR 0196 0339 0364 0203 0.063 VIl 1.25 0.90-1.77 0.13 0.10-0.18
PERER 0024 0159 0263 0267  0.169 VI 2.50 1.78-3.53  0.25 0.19-0.35
FEERRER 0006 0.048  0.161 0313 0.378 X 500  354-707 050  0.36-0.71
EE27 0 0.005 0034 0.132 0.381 X 10.00  7.07-14.14  1.00 0.72-1.41

+ 13 ZHXXBMEEHEEER
Table 13 Seismic damage matrix of masonry structure in
urban area of Yunnan

WIRES W VI VIl X X
HORZEF 0838 0548 0226 0210  0.124
SRR 0148 0260 0423 0254  0.162
PR 0014 0184 0215 0241 0.187
TEEMER 0 0.008  0.118 0221  0.261
A 0 0 0.018  0.074 0.266

xR 15 ZHELRBEEESRERESE 0, pE
Table 15 6 and 8 vaues of vulnerability function
parameter of masonry building in Yunnan

T — Z%HMXV IRIX }
ZE 28 ZH o 2B
BREEA 0.1181 0.8695 0.1523 1.1298
SRR 0.2856 0.9400 0.4537 1.3289
FEERER 0.5602 0.8885 0.9351 1.1069
L2272 1.3194 0.8376 2.1716 1.0038
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Fig.3 Exceeding probability fitting curve of vulnerability of masonry structure in rural area of Yunnan
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Fig.4 Exceeding probability fitting curve of vulnerability of masonry structure in urban area of Yunnan
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