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Destructive historical earthquake distribution in Yunnan Province and its adjacent areas from 1992 to 2017
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Fig. 2 The exterior diagram of the existing building of brick and concrete structures in Yunnan Province
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F 1 2000—2017 FrmE R HEHEEF]
Tab. 1 Historical earthquakes in Yunnan from 2000 to 2017
Frs 3 4= en/ (%) A/ (%) 27 T 275 i 5
1 2000 -01 - 15 25.58 101. 12 6.5 VI Mk
2 2000 —01 27 24.15 103. 63 5.5 VI = AL —R )
3 2000 -08 -21 25.83 102.23 5.1 Vi =
4 2000 - 10 - 06 24.30 97. 60 5.8 Vi Py el VAL T N TR
5 2001 -03 - 10 22.30 99. 82 5.0 Vi Pyl ThY N
6 2001 -05 24 27. 60 100. 90 5.8 VI EHFE—TH
7 2001 -06 - 08 24.83 99. 00 5.3 Vi =T
8 2001 -07 - 10 24.90 101. 38 5.3 Vi = A
9 2001 -07 - 15 24.33 102. 63 5.1 Vi =ML
10 2001 -09 - 04 23.63 100. 55 5.0 Vi RHRA
11 2001 - 10 -27 26.23 100. 57 6.0 VI =K
12 2003 - 07 -21 25.95 101. 23 6.2 VI PN PN
13 2003 - 11 -15 27.17 103. 62 5.1 Vi Py aE R |
14 2004 - 08 - 10 27.17 103. 60 5.6 VI ~Ef
15 2004 - 10 - 19 25. 10 99. 08 5.0 Vi =R ILFERH
16 2004 - 12 =26 24.72 101.53 5.0 VI = T
17 2005 -01 -26 22.62 100. 72 5.0 Vi PNE S
18 2005 - 08 —05 26. 60 103. 10 5.3 VI ZHEFE—SR
19 2005 -08 —13 23.60 104. 07 5.3 VI =“ECI
20 2006 - 01 —22 23.25 101. 55 5.0 VI R AT
21 2006 —07 —22 28. 02 104. 13 5.1 VI B
22 2007 -06 - 03 23.0 101. 1 6.4 VI =T
23 2008 -03 -21 24. 60 97. 67 5.0 Vi MR
24 2008 - 08 -21 25.07 97.93 5.9 VI BB
25 2009 -07 -09 25. 60 101. 10 6.0 VI =k
26 2009 - 11 -02 26.0 100.7 5.0 VI =R
27 2010 -02 -25 25. 49 101. 90 5.1 VI =M E—ITE
28 2011 -03 - 10 24.70 97.90 5.8 il MBI
29 2011 -06 -20 25.10 98.70 5.2 Vi = h
30 2012 - 06 —24 27.70 100. 70 5.7 VI RHTH
31 2012 -09 - 07 27.50 104. 00 5.7 VI RHFHR
32 2013 -03 -03 25.90 99. 70 5.5 VI =TI
33 2013 -08 -31 28.22 99. 40 5.9 VI PR 4 E AN 374
34 2014 —04 - 05 28.10 103. 60 5.3 VI mHKE
35 2014 - 05 -30 25.00 97. 80 6.1 I BRI
36 2014 -08 - 03 27.10 103. 30 6.5 X mHEf
37 2014 -08 - 17 28. 10 103. 50 5.0 VI KK E
38 2014 - 10 - 07 23.40 100. 50 6.6 VI P b ey
39 2015 -03 - 01 23.50 98. 90 5.5 VI FAERliel/
40 2015 -10 -30 25.10 99. 50 5.1 Vi ZMET
41 2016 -05 - 18 26. 10 99. 58 5.0 VI zMalE
42 2017 -03 -27 25.87 99. 83 5.1 Vi BRI
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Tab.2  Destruction ratio statistics of type B housing (% )

U RN BOR CEBIR PAEROR REEUR AL

Al 23 0.03 0.56 2.23 23.32 73. 86
Wi 7 0.49 4.04 11. 64 39.53 44.3
Vil 4 3.72 15. 68 23.42 37.82 19. 36

x3 B2 XEEZFMIFLSEIT (%)

Tab.3  Destruction ratio statistics of type B2 housing (% )

U REAMOE BUR REBUR PO BHEUR ALY

Al 15 0 0.2 0.75 15. 86 83.19
VI 5 0 2.38 12.01 31.39 54.22
Vil 2 1.36 10. 63 42.56 31. 64 13.81

F4 CEBEEBFABIKLREIT (%)

Tab. 4 Destruction ratio statistics of type C housing (% )

U REAMOE BOR CEBIR PAEROR RMEUR AL

VI 16 0 0. 08 0.38 9.43 90. 11
VI 3 0.52 0. 81 4.95 27.78 65. 94
VIl 4 4.73 11.12 20. 86 39.99 23.3
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O (5) . KX (6) A M REREERE M
VIEE . IXHE. X £ Beta MR %5 5 73 A o8 &R A IR
S8 e, BlE (£6),

@R (4) 0 X (7) ATHER L FroR e o
BEVIRE . IXBE . XA [ e R 45 2 A A 8 Tl IR A
RAKT .

[RIEE, AI3HEE B2 28 LA K C SRy mE IR 454 b3
JERFEHME, ME S, K9 PR,

RS HMERTEERESH (%)
Tab. 5 Standard earthquake damage matrix

earthquake damage distribution (% )

FUE BN UEBIR PERON BHEUR AR

Vi 0 0 1 22 71
Wi 0 4 16 29 51
VI 6 20 36 25 13

15 52 20 9 4
X 51 40 9 0 0

x6 AREMENMMEBIALHEE, FERERRKSH

Tab. 6  Destruction ratios, variances, and shape parameters corresponding to each intensity

s P FERAEE A _
LI T2 L % a B 4 Br oy
Vi 0. 092 0. 006 0. 102 0.01 0.832 7.327 0.204
VI 0.185 0.032 0.188 0.031 0.738 3.187 0.513
VI 0.41 0. 065 0.413 0. 064 1.151 1.637 0. 508
X 0.613 0.059 0.616 0.058 1.896 1.182 0.414
X 0. 795 0.029 0. 798 0. 028 3.796 0.961 0.284
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x7T BEEEEAREEMRE (%)
Tab. 7 Building B earthquake damage matrix (% )

Ll s 2187 NI R (127 N SR 27 N =07 €87 NI 2 Sy

W00 0s 23 mm B RREHREEMRICR. B, LR
Vi 0.49 4.04 11. 64 39.53 44.30 B, B2 KK CRERVHEESRI G EE
I 5.35 25.78 30. 41 26.71 11.75 ':P%El%%qzi@%%?gﬁ, %L\ﬁE

Lo e mE I, BRI GAIEA S | B .

*8 B2AEEBRHFEEHEMR (%)
Tab. 8 Building B2 earthquake damage matrix (% )

0.2, 0.4, 0.7, 1,

AU BUR REBIR PAEROR O BEMEUR RS
Vi 0 0.20 0.75 15.86 83.19
il 0 2.38 12.01 31.39 54.22
VI 1.54  14.73 26.61 33.32 23.8
X 18.07 33.77 25.15 16.97 6.04
X 3744 41.83 16.03 4.37 0.33 Biizhe Sy b
5 4.2.2
®9 CXEEEFAREEMR (%)
or#

Tab. 9 Building C earthquake damage matrix (% )

SR A T TR X 0 2 g 2
BRTHRERE, (hEBEIER) (GB/
T 17742—2008) L5 T HURRELHE | 45 M0 5

R AT FEE

SRR L IR R Y R R BURE Y 0,

M3 10 mf DL, ASCHER B 2E, B2 KB RN
P AR R N R E AR VS (N, R
WIS R T 5 s BEZUEERE N B 26, B2 e Jr € 2K
B R - 32 78 3 45 B el (4910 4n 248 O IX R
AR R 0.62, 0.55, 0.44), KWz
SRESBOT S P SRS e e, b=

5 & Ms6. 5 HIFRAKT b7 J 72 F A DU L

Bt M6. 5 M K X [ ik 1R P 2 25 44 e ik
PO T B2 (MIFEs4E, 2015), T BREEV

B VIEMIR O Geit s, L, FZHIE .

AU BUR REBIR PARROR BEEOR RS
Vi 0 0.08 0.38 9.43 90. 11
VI 0 1.20 9.66 32.56 56.58
VI 0.52  9.57 24.13 36.48 29.30
X 8.05  28.36 29. 04 24.03 10. 52
X 29.89  44.98 19.29 5.43 0.41

4.2 HWERERSH

DXRE AT R R AT X L o 6 ) A A il IX % TR 245 4
B W IR L A5 4 A X b W SR 1L, i T )
M6. 5 MR IX BE W AR/, 5 VILEE &5 O [R] — A~ PEAG
Xo 5 B IHEH R oA Bl He gL, S Pr{a Yy

TEXRT LR IR A5 i) Ju L EL Y, O HLBR SR ik 21 IX

4.2.1 5V E e 8o BHE X e b BEAL, HoA (e TV R 0 .
F10 (hEMEZNER) AEMNMAERNTEHEERHIL
Tab. 10 Average earthquake damage index comparison between China Earthquake Intensity Scale
and the deduced result in this study
. £l B
i SR AR Y - - - X X
B 2570 FIMH 0~0.11 0.09 ~0. 31 0.29 ~0.51 0.49 ~0.71 0.69 ~0.91
C LBl 0~0.08 0.07 ~0.22 0.20 ~0.40 0.38 ~0.60 0.58 ~0.8
B 0. 06 0.16 0.41 0.62 0. 81
B2 2% 0.04 0.13 0.29 0.55 0.74
C 0.02 0.11 0.24 0.44 0.7
F11 &f M6.5 WERRBEMBEREFALSHEEELE (%)
Tab. 11 Comparison of damage ratio of brick — concrete structure in rural areas of Ludian M¢6.5 earthquake and deductive value (% )
%Al IR JRC R 12 T AFRIR LU EN FEA 5 b
MIRIE 15. 48 22.09 28.47 23.33 10. 63
e 5.35 ~20.26 25.78 ~41. 88 25.32 ~30.41 10.93 ~26.71 1.61 ~11.75
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Research on Earthquake Damage Matrix Correction of
Brick - concrete Buildings in the Yunnan Province

MING Xiaona, ZHOU Yang, LU Yongkun, YANG Jiangiang
( Yunnan Earthquake Agency, Kunming 650224, Yunnan, China)

Abstract

Firstly, according to the seismic fortification situation of existing brick — concrete buildings in the Yunnan
Province, we divided it into three types, such as without seismic fortification, seismic structure measures and
regular seismic fortification. Secondly, combining with the destructive earthquake disaster losses data from 2000
to 2017, we statistic the damage ratio of different types of brick — concrete structures. Thirdly, we deduced the
distribution of seismic damage in the intensity area with rare earthquakes by the method of perfecting the empiri-
cal seismic damage matrix, and obtained earthquake damage matrix of a complete brick and concrete building in
Yunnan. Finally, the reliability of the derivation results was verified by the comparison of the average earth-
quake damage index and the earthquake case. The revised earthquake damage matrix of brick — concrete buildings
is closer to the earthquake — resistant capacity of existing brick-concrete structures in Yunnan and can be used for
pre-evaluation of earthquake disaster losses.
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