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) SR RS 2 3 F 3 4 2] (O BR 1R W 4= 0 70 4 TR B
0% 100 ¥K . 200 ¥ 300K ) , & £ & 5 M2 (Hid &
e 1 froR ), B m 34, 33 60 Nk . iR
PR SFY R 70.7 mm X 70.7 mm X 70.7 mmo

F1 REWRMBESLL

Tab.1 Test mortar material mix ratio

B kIR K/ 3 7J<iﬁ'a/3 b/ 3 #}éﬂs/
(kg-m ") (kg-m ) (kg-m *) (kg-m )

A 0.38 120 320 1450 —

B 0.44 120 275 1450 —

C 0.52 120 230 1450 —

D 0.44 130 290 1450 90

E 0.44 105 240 1450 102

G 1 Pt 4 4 (Ol B2 19 4 Th 0 2R B O 9K
1007 200 ¥ 300 ¥ ) , B 4H 34, 3 124314, 2L
BEA R FHBIR B3 2 T 12 R ) 357 38 5 45 1tz , 58 B
MU15, R~FH8 240 mm X 115 mm X 53 mm.,

WP R 54, R R 1 A~E
5 b I 5 3 e 4 ik AR B 3 AT AR
[] 4% 51 B2 RN {2 P44 6 7K P (0 ¥ 100 ¥ 200 X .
300 %), 3 60 A4S 44 3K 55 3K 1 K RS e
365 mm X 240 mm X 746 mm , JK %%~ 10 mm .

I K e R H 208 8 P.O32.5 9385 38 A 12
K e, o R B E P, R AR R K T 4.75 mm,
SR R E SRR

1.2 KEAHE

N T A AR AP 56 2 ) b 6 31 1 A7 o 3
% W A= i fE 4 R SR IR B AR M 18 150 O vk A
HEY(JGI/T 70—2009)" 5 (3% it 10 598 75 15 ) (GB/
T 2542—2012) "™ B B3 i 52 I 52 il 45 7 o 7,
BI1FiR . BARREG BT .

(1) Bt i pH A 3.5 09 R W IR A& W, X = 40 )5
4 A0 A 3 30 3P R AT Wb, Ry T R E R T LA S
2 B R R I TR K, B R R 3 h, I R S IR N
T EE R RE R 20 °C

(2) B J5 K 52 56 5 N UL BE TH TR /I i 22 45 °CIF
Frek 2 h, 2 )5 BRI /N 3 20 °C 3 TR R
4 0.5 °C/min.

(3) B UK W2 TR T 5 V5 AR DAL 0 BRI (0] 2 6 b, X
T I 2 0 A 50 o 2 bt Ik 5 T K 0 1)
5% N CO, M BEH 2 .
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Fig.1 Schematic diagram of acid rain erosion cycle system
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Fig. 2 Compressive strength curves of mortar specimens

under different acid rain erosion cycle times
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Tab.2 Correlation coefficients of fitting curve

A= a b ¢ d R’
A 1 2.88x10°* —1.75X10° 1.67xX10° 0.98
B 1 2.35X10° —1.55X10° 2.00xX10°°* 0.99
C 1 2.05X10° —1.50X10° 2.50X10°°* 0.99
D 1 1.87X10° —850X10°° 1.67X10°7 0.98
E 1 3.27X107° —2.05X107° 2.83X107°* 0.99
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Fig.3 Compressive strength curve of brick specimens under
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different acid rain erosion cycle times
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Tab.3 Comparison between test values and calculated
values of compressive strength of masonry

compressive specimens

Al Bl (:1 D1 El

n
N N N N N N N N N N

0 79 70 6.6 59 58 52 59 55 6.0 54
100 84 74 68 6.1 59 52 6.0 56 6.3 56
200 6.9 6.7 6.0 56 53 49 54 52 56 5.2
300 5.0 54 4.7 49 46 45 42 44 46 46

TE N FR U, N FR T, 0030 MPa,
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Fig. 5 Hysteresis curves of specimens with different

erosion degrees
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Fig. 6 Distribution of each subsample capacity after merging

age in test area under acid rain erosion environment
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Tab.4 Mean and .standard. deviation of each sub.samp.le S Squmﬁg?nrgi 7 % 7 19 o Emjﬂﬂﬁ ¥

after merging age in test area under acid rain E"‘i‘a
=E0

erosion environment

P B b L 0
i Rk BILRES BIUCREy
AFEORR g bR WM bREX
1 o/ % u o/ %
10 14 1.016 5.344 0.975 8.082
12 24 0.988 4.431 0.975 6.812
13 24 0.984 4.334 0.974 6.806
16 12 0.975 6.302 0.975 1.631
19 24 1.016 5.149 0.968 1.784
22 36 1.001 5.880 0.974 1.705
25 12 1.013 3.415 0.973 1.448
30 18 0.995 5.272 0.967 1.223
31 12 0.998 4.783 0.972 1.162
34 12 0.998 5.446 0.969 1.313
36 12 1.005 4.260 0.964 1.360
37 12 1.008 3.655 0.951 1.211
42 18 0.984 4.466 0.932 0.922
48 12 1.018 3.477 0.901 1.011
50 8 0.973 4.438 0.912 6.880
59 12 0.948 3.656 0.874 0.775
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Fig. 7 Standard floor plane layout of restrained masonry typical structure and size of opening masonry wall(Unit:mm)
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Tab.5 Quantitative limit values of various failure limit

states of different restrained masonry structures

P— G R
LS1 LS2 LS3 LS4

7 FE-304F 0.0004 0.00084  0.00180  0.00232
7 E-404F 0.0004 0.00082  0.00175  0.00223
7 BE-50 4F 0.0004 0.00079  0.00169  0.00212
760 4F 0.0004 0.00075  0.00158  0.00201
8 FE-304F 0.0004 0.00091  0.00190  0.00241
8 BE-40 4 0.0004 0.00088  0.00183  0.00231
8 50 4F 0.0004 0.00084  0.00176  0.00224
8 FE-60 4F 0.0004 0.00080  0.00168  0.00216
9 FE-304F 0.0004 0.00096  0.00199  0.00251
9 FE-40 4F 0.0004 0.00093  0.00194  0.00242
9 BE-504F 0.0004 0.00088  0.00185  0.00233
9 FE-60 4F- 0.0004 0.00082  0.00175  0.00228
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Fig. 8 Probabilistic seismic demand models of 8-degrees

fortification structaral with different service years
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Fig.9 Fragility comparison curves of restrained masonry

structures with different service years under acid

rain erosion
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Time-varying seismic fragility analysis of restrained masonry structure
subjected to acid rain

DONG Shuging', HUANG Yu', HUANG Jun®, SHE Yang-yang', SUN Ye', ZHENG Shan-suo™*
(1.Shaanxi Electric Power Design Institute Co., Ltd. of China Energy Engineering Group, Xi’an 710054, China;
2.College of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
3.Key Laboratory of Structral Engineeing and Earthquake Resistance of Ministry of Education of China,

Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The durability issue of multi-age masonry structures subjected to acid rain has become increasingly prominent, but a
complete time-varying model of structural durability has not been formed at home and abroad. To study the relationship between
the evolution of material properties and masonry properties, accelerated corrosion tests were carried out on mortar with different
mix ratios, bricks, and masonry, and a compressive strength model of masonry components considering the number of acid rain
erosion cycles was established. Based on the sample data of masonry in natural environment, the mathematical relationship be-
tween the degradation degree of mechanical properties of in-service masonry structures and their service life under the action of acid
rain erosion was established. The typical structure method was used to analyze the seismic fragility of a two-story constrained ma-
sonry structure, and the influence of different parameters on the fragility curve and failure probability of constrained masonry struc-
tures under acid rain erosion was discussed. The results show that the probability of severe damage and collapse of restrained ma-
sonry structures under the action of acid rain erosion increases gradually with the increase of service life under the condition that oth-

er factors remain unchanged and the intensity of local vibration is higher.
Key words: restrained masonry structure; acid rain erosion;numerical simulation; typic structure
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