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Abstract: To evaluate the residual seismic capacity of reinforced concrete (RC) frame structures exposed to
acidic atmospheric environments, this study first investigated the degradation patterns of seismic performance in
RC beams and columns subjected to acid rain corrosion through accelerated corrosion tests and quasi-static tests.
A numerical analysis model for time-dependent corroded RC beams and columns was established using the
OpenSees platform, and its accuracy was validated against experimental results. Based on this numerical
model, a time-dependent vulnerability model for corroded RC beam-column components was developed through
pushover analysis. Using peak ground acceleration (PGA) as the ground motion intensity measure (IM), a
numerical model of a typical RC frame structure was constructed, and incremental dynamic analysis (IDA) was
performed. By integrating the component vulnerability model, the damage proportion of components in corroded
RC frame structures under different service lives, seismic fortification intensities, and structural stories was
obtained. Subsequently, a structural seismic capacity assessment method based on component damage
proportion was employed to evaluate the residual seismic capacity of corroded RC frame structures under
various damage states. The results indicate that the seismic capacity of RC frame beams and columns
deteriorates to varying degrees with the increase of acid rain spraying cycles (Nugseo). Specifically, under severe
corrosion (Nagses = 480), the peak load and plastic rotation of beam components can decrease by 17.67% and
22.50% , respectively. When the service life is less than 30 years, the degradation rate of seismic capacity in
corroded RC frame structures is relatively slow. As the service life extends, the degradation rate accelerates
significantly; particularly after 58 years of service, the residual seismic capacity generally drops below the 80%
safety threshold. However, increasing the fortification intensity and reducing the number of structural stories can
effectively enhance its seismic capacity.

Keywords: acidic atmospheric environments; acid rain corrosion; reinforced concrete frame; seismic capacity
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Table 1 Test parameters of the specimens
WA SRS LHiDE A WOEE R/ mm PHERE/mm B R/ % A 5 T Narscs
CL-1 5 1300 $16 1.76 d6@60 0
CL-2 5 1300 $16 1.76 d6@60 240
CL-3 5 1300 d16 1.76 d6@60 360
CL-4 5 1300 dl16 1.76 $6@60 480
CZ-1 5 0.3 1100 d16 3.02 d6@60 0
CZ-2 5 0.3 1100 d16 3.02 d6@60 240
CZ-3 5 0.3 1100 d16 3.02 d6@60 360
CZ-4 5 0.3 1100 d16 3.02 d6@60 480
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Table 2 Mechanical properties of materials
TRBE ORISR PUESR O P R SRR £/ PPRBREE f,/ (LR dR S9N
¢ , _ BELRURE/MPa A4 s / e
% J¥£ fo/MPa f/MPa MPa MPa MPa
C40-B 46. 88 35.63 3.25%10* HRB335 373 537 2.0x10°
C40-C 40. 30 30.63 3.25x10* HPB300 270 470 2.1x10°

T TR EE SR 0 42.5R K YR IE B, Bie A e - K 8 500 kg/m3, 7k 200 kg/m3, 5 559 kg/m3, £1F 1 136 kg/m’, C40-B ALK IR EE 1, C40-CILEA:
REE L. BP0 4 AR GREE L 45 M ME ) (GB 50010—2010) 250 iy St 45 0 o 188 8 T+ I WIRT 22 90 5, ik 46 55 5% 391 1) HRB 335 4K
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Table 3 Measured corrosion rates of reinforcement
‘ g WA/ 0 W WA A g/ %
Nl g mEm B W
0 CL-1 0.0 0.0 CZ-1 0.00 0.00
240 CL-2 3.2 6.2 CZ-2 2.32 4.84
360 CL-3 3.4 9.4 CZ-3 4.72 8.81

480 CL-4 6.9 13.1 CZ-4 6.85 12.22
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Fig.3 Test setup and loading scheme
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Fig.4 Lateral force-lateral displacement hysteresis curves of the specimens
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Fig.5 Lateral force-lateral displacement skeleton curves

of the specimens
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Table 4 Characteristic parameters of average skeleton curves

. Jee e s WA A5 e B A5 L AT PE R MR An 0,/
W55 . .
P,/kN A,/mm P./kN A./mm P./kN A,/mm o (10"rad)

CL-1 53.58 17.27 60. 68 53.35 51.58 65. 40 3.79 0.40
CL-2 51.85 16.07 56.95 52.29 48.41 60. 68 3.78 0.37
CL-3 48.68 15.41 54.37 51.27 46.21 57.55 3.73 0.35
CL-4 46.72 14. 60 49.96 38.34 42.47 52.36 3.59 0.31
Cz-1 61.67 8.13 72.78 15.41 61.86 39.58 4.87 0.31
Cz-2 60.01 8.01 69.08 15.10 58.72 38.18 4.77 0.30
Cz-3 55. 65 7.82 64.70 14.70 55.00 36.75 4.70 0.29
CZ-4 52.88 7.58 61.33 14.19 52.13 34.38 4.54 0.27
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Fig.6 Numerical model of corroded RC components
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Fig.7 Comparison of experimental hysteresis curves and simulated hysteresis curves
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Fig.8 Damage state division of components
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Fig.9 Frequency distribution histograms of drift ratio ¢ for RC columns
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Table 5 Lognormal fitting parameters for drift ratio ¢ of RC columns (1=2.5) under acidic atmospheric corrosion
) LS, LS, LS, LS,
IR 7% i 11 /2 - - - -
0,/107° Be 0,/107" Be 0,/107" Be 0,/10"° Be
0 2.26 0. 220 4.37 0. 280 6.46 0. 325 14.05 0. 338
30 2.24 0.223 4.01 0. 286 6.39 0. 336 13.85 0. 347
50 2.09 0.230 3.74 0. 305 5.81 0.352 12.13 0. 366
70 1.92 0.248 3.16 0.334 4.94 0. 355 10.08 0.377

IR (DS) R K 5] 62.67% . M
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Table 6 Lognormal fitting parameters for drift ratio ¢ of RC columns (1=5.0) under acidic atmospheric corrosion
LS, LS, LS, LS,
R A % 41/ a - = — —
0/107 Be 0/107 Be 0,/ 107 Be 0,/1077 Be
0 3.80 0.236 7.86 0.299 11.81 0. 349 24.94 0. 360
30 3.72 0.241 7.50 0. 307 11. 06 0. 359 22.48 0.373
50 3.56 0. 248 6.61 0. 329 10. 19 0.376 20.79 0.391
70 3.42 0.265 5.56 0. 340 8. 82 0. 380 18.07 0. 406
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Fig.10 Seismic fragility curves of RC columns (1 = 2.5)
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Fig.11 Seismic fragility curves of RC columns (1=5.0)
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Table 7 Lognormal fitting parameters for drift ratio ¢ of RC beams under acidic atmospheric corrosion

LS, LS, LS, LS,
ML 1/ a ‘ 3
0,/10"* B 0,/10"° B 0/ 10"° B 0,/10"* B
0 4.49 0.139 12.61 0.148 20.81 0.169 26.49 0.193
30 4.16 0.143 12.21 0.154 19.75 0.181 24.36 0.227
50 2.85 0.165 8.89 0.173 15.94 0.208 19.05 0. 266
70 2.31 0. 206 6.41 0.213 10.90 0.247 13.33 0.310
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Fig.13 Method for determining the damage states of corroded RC frame structure components
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Table 8 Relationship between component damage ratio
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Table 9 Calculated standard deviations for the corrosion

and structural failure state model
P45 005 o L B p— TRLEE 1 B DR BE A vl RS OS2
a
45 SRR S - =R =hE =™ TEK 2% 81/ mm 3,/ mm
. i 37 ER37N N 30 1.087 1.092
JEhF 1 <5% 0% 0% 0% 50 1.265 1.320
BRI <30% <5% 0% 0% 70 1.443 1.548
AR T <50%  =<30% <5% 0% B B
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Fig.14 Plan and elevation layouts of the typical RC frame

structure
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Table 10 Section information of members for each typical structure

BB R 451 2 HL LR 2y X w, t
R JZ 3 Joy X wy,
2 e 0.40m X0.20 m 1~2 )% 0.30m X0.30m
5 Py 2 0.40m X0.20 m 12 0.35m X0.35m
5 Y 2% 0.40m X0.20 m 2~5)2 0.30m X0.30m
6(0.050) 8 =71 0.50m X0.25m 1~3)2 0.50 m X0.50 m
8 =9 0.50m X0.25m 4~8J)7 0.40m X0.40 m
10 =% 0.50m X0.25m 1~3)2 0.55m X0.55m
10 =/ 0.50m X0.25m 4~5)z 0.45m X0.45m
10 =9 0.50m X0.25m 6~102 0.40m X0.40 m
2 =Y 0.40m X0.20m 1~22 0.35m X0.35m
5 = 0.40m X0.20 m 12 0.45m X0.45m
5 = 0.40m X0.20 m 2~5 2 0.35m X0.35m
700.10g) 8 -t 0.50m X0.25m 1~4 2 0.55m X0.55m
8 =Y 0.50m X0.25m 5~8 2 0.40m X0.40 m
10 —9Y 0.50m X0.25m 1~32 0.60m X0.60m
10 -t 0.50m X0.25m 4~5)2 0.45m X0.45m
10 —9 0.50m X0.25m 6~10 2 0.40m X0.40 m
2 —% 0.40m X0.20 m 1)2 0.45m X0.45m
2 -t/ 0.40m X0.20m 2)2 0.40m X0.40 m
5 -t/ 0.40m X0.20m 12 0.55m X0.55m
5 =9 0.40m X0.20m 2~5) 0.35m X0.35m
8(0. 20g) 8 —% 0.50m X0.25m 12 0.60m X0.60m
8 —% 0.50m X0.25m 2~4 3 0.55m X0.55m
8 —% 0.50m X0.25m 5~8 2 0.40m X0.40 m
10 —% 0.50m X0.25m 1~52 0.65m X0.65m
10 — 9 0.50m X0.25m 6~7 2 0.45m X0.45m
10 — % 0.50m X0.25m 8~10 2 0.40m X0.40m
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Table 1 122 far-field strong ground motion records

% KR ) = B 24K K Iyt Y PGA/g
1 1994 Beverly Hills-Mulholland Northridge NORTHR/MUL279 6.7 0.52
2 1994 Canyon Country-WLC Northridge NORTHR/LOS270 6.7 0.48
3 1999 Bolu Duzce, Turkey DUZCE/BOL090 7.1 0.82
4 1999 Hector Hector Mine HECTOR/HEC090 7.1 0.34
5 1979 Delta Imperial, Valley IMPVALL/H-DLT352 6.5 0.35
6 1979 El Centro Array #11 Imperial, Valley IMPVALL/H-E11230 6.5 0.38
7 1995 Nishi-Akashi Kobe, Japan KOBE/NIS000 6.9 0.51
8 1995 Shin-Osaka Kobe, Japan KOBE/SHI000 6.9 0.24
9 1999 Duzce Kocaeli, Turkey KOCAELI/DZC270 7.5 0.36
10 1999 Arcelik Kocaeli, Turkey KOCAELI/ARC000 7.5 0.22
11 1992 Yermo Fire Station Landers LANDERS/YER270 7.3 0.24
12 1992 Coolwater Landers LANDERS/CLW-TR 7.3 0.42
13 1989 Capitola Loma Prieta LOMAP/CAP000 6.9 0.53
14 1989 Gilroy Array #3 Loma Prieta LOMAP/G0O3000 6.9 0.56
15 1990 Abbar Manjil, Iran MANIJIL/ABBAR-L 7.4 0.51
16 1987 El Centro Imp. Co. Superstition Hills SUPERST/B-ICC000 6.5 0. 36
17 1987 Poe Road(temp) Superstition Hills SUPERST/B-POE270 6.5 0. 45
18 1992 Rio Dell Overpass CapeMendocino CAPEMEND/RIO360 7.0 0.55
19 1999 CHY101 ChiChi, Taiwan CHICHI/CHY101-N 7.6 0.44
20 1999 TCU045 ChiChi, Taiwan CHICHI/TCU045-N 7.6 0.51
21 1971 LA-Hollywood Storage San Fernando SFERN/PEL090 6.6 0.21
22 1976 Tolmezzo Friuli, Ttaly FRIULI/A-TMZ000 6.5 0.35
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Fig.15 Component damage proportion and structural failure states

B B FCAE AN [ IR AR 8 390 R AN (] s SRR 3 T A )
A0 $tb, 52 2l 5 B 43 A 1 AL A < 0 (0. 16¢.0. 238
0.48g H1 0.94g) ; 30 a (0.16g. 0.23g. 0.47g F
0.91g) ;50 a(0.13g.0.20g.0.40g 1 0. 84g) ; 70 4F
(0.10g.0.17g.0.33g10.69¢g) . wLLFE i, k% IRk
Pt 10 B 1 A, 25 K AN [ BB R RS T B AT 0 b 72 B
5B TE 7% W AR o (P 16 25 40 Zi 5l < SR BB
BB EVEE )

PLAR A 70 a iy B8 RC HE B2 Sy f51] , 45 44 bt 2
RE 7 B B 1 2 BN 5 By B0 R 1 8 AR AT 17 BT
N o WLEETT AL, B BURE B By 55 G0 4 0 2 1 1 45
PR RE I AR B . DL 102 MR RCHESR 254
i), P02V B U 6 FE 4R T & 8 B, & i SRR
A& AL E M RE 9 B 4R i 4R & T 0.04g. 0. 04g.
0.10g.0.19g. WAk, 4514 i B2 (04 35 fim %k 45 4 Hi =
fie 1 HLA 3 0 A T 2 e, LA 7 B B Y RC HEZR 45

Fa R ], 224 45 F J2 B0 2 2 388 00 & 10 J2 B, 455 3R
AR AT P01 Hb 7R 3R B 43 B FE AR T 0. 04g. 0. 05g.
0.20g.0.29¢g-

W 45 MR A 1% 91 45 K B A2 BE 70 5 X 1 1 0 a &5
P40 7% e 77 FU AR AE R F6 4 B 72 A8 1 i AN 48 5 L LA
F 5 A [e) IR A% % 300 19 RC 45 # 78 AS [8] i YRR 285 1
Biaz e Sy AL AL, & 18 BT /R o B 0 a 25 4 3 4%
P Z e 11 8090 1E S 45 4 35 B AN 42 4 i i B AR
AU SR B, Y A AL R A AR BN T 30 a B LR
RPUERE S IR G2, B G IR A% i I 5 20 K, 2
MR RPORAE MG W TR, MRS58 alm
Tl RC HE B2 45 44 76 45 i UOIR A8 1 980 4% e i e 0 3%
AR F 8090 %A B . ARBEHRET , RHK
AIAEE T RCHEZR G54 i0F A 22 A R B 9 4 4R
BT AN 12 T .



14 T ARE Fx ¥ TREFIROP E L) % XX A&
20 20 20 20
o 704 o 704 o 704
o 504 ° o 504
15t L5t A 304 A 15t LSt A 304
c c o c c o
R R R R ;2,9
[ 4 4 4 '88g
Ag - ghat
0.5t 0.5 . ;éaé 0.5 05 ga2 —ggg
7 ¥Ro Y g Yag ¥ §
£ E . @ gan &%EE vag
0.0 0.0 §§g§§ égg 0.0 0.0 E@g@ sgga = -
1 I I v 1 I I v 1 I I v
SERBIRIRES SRR SERBIRIRES
(a) 2-6 (b) 5-6 (d) 10-6
20 20 20 20
o 704 o 704
o 504 o 504
15} L5t A 304 15 LSt A 304
c c o c c o
E 1.0 E 1.0 E 1.0 E 1.0
4 4 4 4
05t 05 05 05 Sﬁég
¢ . 5 Haeg ¥ad
00 ) 00 0022 00 Sﬂég}@ gégg _
1 I I v 1 I I v 1 I I v
SERBIRIRE BRI SERBIRIRE SHBIRIRE
(e) 2-7 (f) 5-7 (g) 8-7 (h) 10-7
20 - 20 20 20
o 704 o 70 4E o 704 o 704
o 504 o 504 o 504F
LSt A 304 L5t A 304 LSt A 304 15
® 04 v ) 04 ) 0 4% C)
< 1.0 9nb < 1.0 ‘\fég < 1.0 < 10
g o3 g £2° g g
- Vag 3&}
0.5 4o BA0 ¥§§ 0.5 éé ngg 0.5 v 0.5
g g 1k i |
0.0 il 0.0 %gg ; g 0.0 ggga _ 0.0 &
1 I I v 1 I I v 1 I I v 1 I I v
SERBIRIRE SERBIRIRE SERBIRIRE SERBIRIRE
(i) 2-8 (j) 5-8 (k) 8-8 (1) 10-8
El16 SHMBEMPTAIHMERESH
Fig.16 Distribution of allowable seismic intensity for typical structures
N3 v 2 RHERLH LT 1 = 6 B BPIRUE
FREA 1T A5 RHERLGSH —— BRI o 7 BAn e upi B
o R T o 8 EAERLH R 1 Y & PO
—— PR IV u 10 ZHERLEH) —— TR IV
LOT 1ot
C
E 0.5 F
8
0.0 7 3 3 5 8 10
WHIRE B
(a) PURR VLB ZLREXT PGA 1 510 (b) 454 )2 B0 PGA B 5% 1R
E17 HHIERINETES
Fig.17 Evolution trend of structural seismic capacity
10} 10}
091 NN 91
. <09
R - 208
I . N
207F- - Fekfl . 2071
& |- mME . 1 &
06« EHfy =06+ : :
sl 22 A i sl 22 sl Z2mE
: FIRPURERE S : FIRPURERE S : FIRPURERE S : FIRPURERE S
0475710 20 30 40 50 60 70 0475710 20 30 40 50 60 70 043710 20 30 40 50 60 70 04510 20 30 40 50 60 70
R A R R A R R4 BR R A R
(a) 5847 1 (b) BRI (c) FEEMIR I (d) J"H RN

E18 FEMIFKETHEMRCIEREHHRRIFELE

Fig.18 Residual seismic capacity for corroded RC frame structures at various failure states



% XX #

ERE,F BRBEXATRETESRCIERZE WA AR ER D IFIEFT E 15

12 BMASHE T RCIERGHRRABFRES FLE
AELHEER
Table 12 years to reach unsafe states for RC frame
structures under different failure modes in acidic

atmospheric environment

B ca
SRR IR 2 Fien i Pt SO 31> €127 N S Y 37
R 66. 4 63.4 66.6
LRI BN & .

] th o7 {8 59.1 58. 4 58.0

BRI A R
F/ME 42.4 42.1 41.0

5 #ig

SR FH AN 3 5 ot 3K 36 0400 i ) 1K 3 0T 5 R MR A
o f ot RC 22 A8 14 07 5 R bR ke 52 i, Jf:
W BB T RS T Sk RC 3 A 1 5 1
PEASE Y | 4k 1 >R 1T 25 T 440 120 45 A3 1) 485 A DAy 7 125 43
B AS 1) 1R 45 45 PR 235 449 )22 B50FN 5 Bl B2 XoF 45 s A AR
AT WPUERRIINE, FLEGBWT .

1) 12 M A ot 4= ol A T 6 + %85 52 B BRI T 51 &
B, S ECRC R AR R BE ) AR AR
03 R M FE e RE ) B 0 AR . JE D R A CL-4
(Narses=480) 14 W {F 1oy 2% 55 58P 1 £ 15 08 Tl 22 4y
fF CL-1 (Narsee=0) 28 5l & F& T 17.67% 5
22.50% .

2) 3T OpenSees V- &5 #7 T 2545 % 184 57
B BN 5 R Rk B A T 2k e AR AR Yl RC 2 AR
T A S A Y, I 3 Ao K 9 B B e T v A
DAL RS f AR AR5 5K Z 80 (EDP) , dE 37 1 A [\] il
AR BR T ol RC 22 A4 1 5 PR 7Y . J3 BT
W, bt B M A5 45 R B4, 48 1 78 8] — 052 % #f1 1 3k 2]
T R GRS AR W B

3) 2K 5L T A8 A4 453 105 7 Lb A RC HE 22 25 44 B 7%
RE 1 VEAS 7 ¥ R Ge VAl A ) iR 15 4 PR Bl 2
5 550 R BON R VE R IR BE T Ik RC AE 2R 245 4 471
RAE S B2 . 45 R R B B E R AR AR R ZE G, &5
iR R S g S ny B . IRk 58 a
J& B bl RC AE B2 55 ¥ 78 £ BROIRZS T 19 38 R bt
FE 77 3 I T 80 %6 By & A B {H , HAE i AE N iy
AN A DA K R 3 . T R R A By A G N
I /D 25 A0 U T )2 BT R 2 A A A R R S
THYIERE

S % 3k

[ 1] Prakash J, Agrawal S B, Agrawal M. Global trends of
acidity in rainfall and its impact on plants and soil[J].
Journal of Soil Science and Plant Nutrition, 2023, 23(1):
398-419.

[2] Larssen T, Lydersen E, Tang D G, et al. Acid rain in
ChinalJ]. Environmental Science &. Technology, 2006,
40(2): 418-425.

[ 3] Driscoll C T, Wang Z W. Ecosystem effects of acidic
deposition[M]// Maurice P A. Encyclopedia of Water:
Science, Technology, and Society. John Wiley &. Sons,
Inc., 2019.

[4] Chen M C, Wang K, Xie L. Deterioration mechanism of
cementitious materials under acid rain attack[J]. Engi-
neering Failure Analysis, 2013, 27: 272-285.

[5] Yin GJ, Wen X D, Miao L, et al. A review on the
transport-chemo-mechanical behavior in concrete under
external sulfate attack[J]. Coatings, 2023, 13(1): 174.

[6] LiuT1J, ZouD J, TengJ, et al. The influence of sulfate
attack on the dynamic properties of concrete column[J].
Construction and Building Materials, 2012, 28(1):
201-207.

[7] Guo L J, Guo W H, Chen D S, et al. Experimental
study on reinforced concrete small-eccentricity compres-
sive column after acid rain corrosion[J]. Journal of Build-
ing Engineering, 2024, 83: 108331.

[8] AhWIsk, 3kik, ¥, 55 . SR il 9 1R B 1 2 At

o 2 99 e AT U] Tl 2 5T, 2019, 49(6):
7-13.
Lin M Q, Niu D T, Wang L, et al. Experimental
research on shear behavior of reinforced concrete beams
subjected to sulfuric acid corrosion[J]. Industrial Con-
struction, 2019, 49(6): 7-13. (in Chinese)

[9] Zang X M, Wang G H, Zhang Z C, et al. Study on
mechanical behavior of reinforced concrete beams under
sulfate attack[J]. Advances in Civil Engineering, 2022,
2022: 3465281.

[10] Xu K C, Huang L J, Zhang L. Q, et al. Experimental
study on the seismic performance of prestressed concrete
beams under low-cycle reciprocating load and simulated
acid rain corrosion environment[J]. Construction and
Building Materials, 2023, 408: 133629.

[11] Ramirez C M, Miranda E. Significance of residual drifts
in building earthquake loss estimation[J]. Earthquake
Engineering &. Structural Dynamics, 2012, 41(11):
1477-1493.

[12] Shegay A V, Miura K, Fujita K, et al. Evaluation of
seismic residual capacity ratio for reinforced concrete
structures[J]. Resilient Cities and Structures, 2023, 2
(1): 28-45.

[13] Li Y L, Sun Z, Li Y Q, et al. Time-dependent
combined index seismic resilience assessment of shear-
critical RC bridge piers with height-varying corrosion[J].
Engineering Structures, 2024, 308: 117957.

[14] Verderame G M, Polese M, Mariniello C, et al. A

simulated design procedure for the assessment of seismic



16

T KRE5x3 £ FROPE

% XX A

[18

=

[21]

capacity of existing reinforced concrete buildings[J].
Advances 2010, 41(2):
323-335.

Pan H R, Kusunoki K, Hattori Y. Capacity-curve-based

in  Engineering Software,

damage evaluation approach for reinforced concrete build-
ings using seismic response data[J]. Engineering Struc-
tures, 2019, 197: 109386.

Zou X L, Gong M S, Zuo Z X, et al. An efficient frame-
work for structural seismic collapse capacity assessment
based on an equivalent SDOF system[J]. Engineering
Structures, 2024, 300: 117213.

GB/T 24335—2009 (14 ) 34y M 7% B R 45 2 Ja) 43 [S .
GB/T 24335—2009 Classification of earthquake damage
to buildings and special structures[S]. (in Chinese)
shANE, AR, S, S BT RV RE A0 9T IR E
S BURIPAG T IR S U] A M 24, 2014, 35
(4): 177-184.

Han X L, Zhou X X, JiJ, et al. Research on component-
performance-based seismic assessment of RC structures
[J]. Journal of Building Structures, 2014, 35(4): 177-
184. (in Chinese)

JGJ/T 101—2015 #RHTR LK MAL[S].

JGJ/T 101—2015 Specification for seismic test of build-
ings[S]. (in Chinese)

GB 50010—2002 iR #E £ 453 MELS ]

GB 50010—2002 Code for design of concrete structures
[S]. (in Chinese)

GB 50011—2010 #HHTE B HAE[S].

GB 50011—2010 Code for seismic design of buildings
[S]. (in Chinese)

Mg, Mg, 2, % T RIM T RE RC 5
Jy Bk PR AR R B AT S [T). TR )24, 2019, 36(12):
69-78.

Zheng S S, Zhou Y, Li Q Q, et al. Experimental study
on aseismic behavior of squat RC shear walls due to
chloride ion erosion[J]. Engineering Mechanics, 2019,
36(12): 69-78. (in Chinese)

Fan Y F, Wang D W, Zhang S Y. Experimental study
on flexural strength of reinforced concrete beam exposed
to acid deposition in the laboratory[J]. Applied Mechan-
ics and Materials, 2011, 94/95/96: 1494-1499.

Zhang X, Zheng S S, Ruan S, et al. Experimental study
and numerical simulation of the seismic performance of
corroded I.-shaped RC shear walls[J]. Engineering Struc-
tures, 2025, 330: 119855.

Zhou Y, Zheng S S, Chen L Z, et al. Experimental
investigation into the seismic behavior of squat reinforced
concrete walls subjected to acid rain erosion[J]. Journal
of Building Engineering, 2021, 44: 102899.

E A%, m, B AR b R AR AT S A5 BT I
I 9 BRI, A 4R A%, 2007, 29(2): 78-82.

[27]

(28]

(29]

[30]

[31]

[32]

[33]

[34]

[35]

Wang Z F, Gao C, Xie F Y. Modeling studies of acid
rain in China: progress and challenge[J]. Chinese Journal
of Nature, 2007, 29(2): 78-82. (in Chinese)
A N R AN AR A ER AR A . 2024 o [ A A IR
2SR [EB/OL]. (2025-06-05)[2026-03-04]. https://www.
gov. cn/hjzl/sthjzk/zghjzkgb /202506 /
P020250604527010717462.pdf

Ministry of Ecology and Environment of the People's
Republic of China. 2024 China Ecological and Environ-
mental Status Bulletin[EB/OL]. (2025-06-05) [2026-03-
04]. https://www. mee. gov. cn/hjzl/sthjzk/zghjzkgh/
202506/P020250604527010717462.pdf (in Chinese)
GB/T 50082—2009 % i 1 % +- 1< 1] 1 fE A0 if & 1 i
TRy bR ELS .

GB/T 50082—2009 Standard for test methods of long-

mee.

term performance and durability of ordinary concrete[S].
(in Chinese)

BETt, AR, sk, 45 85l LR B4 R &k b oY O 5
PR Pk A8 56 BF 52 (V). R 3h TR “F 4R, 2025, 38(8):
1878-1888.

Ruan S, Zheng S S, Zhang X, et al. Experimental study
on seismic behavior of corroded L.-shaped reinforced con-
crete shear walls[J]. Journal of Vibration Engineering,
2025, 38(8): 1878-1888. (in Chinese)

WHeL, SEpNE, BRIETT , 45 B0 IR BE 4 3R A S X
PR AR I 11 ok HEASE T A 5% (D], A AR A5 A8 2 A, 2014, 35
(3): 128-137.

Yang H, Mo L. H, Chen J K, et al. Study on modified
models for inelastic deformation of reinforced concrete
beam-column joints[J]. Journal of Building Structures,
2014, 35(3): 128-137. (in Chinese)

Zhou Y W, Tian H, Sui L L, et al. Strength deteriora-
tion of concrete in sulfate environment: an experimental
study and theoretical modeling[J]. Advances in Materials
Science and Engineering, 2015, 2015: 951209.

JA 98 BRI EE T RCAHESL BT Jy 5 45 K Ui PERE 5
R R EPEAG (D], P52 P52 sl SURHE R 2%, 2021
Zhou Y. Evaluation on seismic performance and earth-
quake resilience of RC frame-wall structures in acidic
atmosphere[D]. Xi’an: Xi’an University of Architecture
and Technology, 2021. (in Chinese)

T R B g R TR BE b R A2 T R B
W R 3 5T (D] HUM - Wi R 2%, 2007.

Yang L J. Analysis on the crack process and effect
factors of concrete cover induced by steel corrosion[D].
Hangzhou: Zhejiang University, 2007. (in Chinese)
Coronelli D, Gambarova P. Structural assessment of
corroded reinforced concrete beams: modeling guidelines
[J]. Journal of Structural Engineering, 2004, 130(8):
1214-1224.

Carreira D J, Chu K-H. Stress-strain relationship for re-



% XX #

ERAK,F BREKAIRIE T B4R RCAE

R 45 My R A SLE RE N R AR O ik 17

[37]

inforced concrete in tension[J]. ACI Journal Proceed-
ings, 1986, 83(1): 21-28.

Zheng Y, Zheng S S, Liu X H. Constitutive model of
confined concrete with stirrups by acid rain erosion[J].
IOP Conference Earth
Science, 2021, 643(1): 012026.
Rinaldi Z,

relationships for the mechanical properties of corroded

Series: and Environmental

Imperatore S, Drago C. Degradation
steel rebars[J]. Construction and Building Materials,
2017, 148: 219-230.

Zhang X, Zheng S S, Ruan S, et al. State-of-the-art
review on the wuniaxial compressive properties of
corroded stirrup-confined concrete[J]. Journal of Building
Engineering, 2025, 112: 113854.

Zhou Y, Chen L Z, Chen W, et al. Seismic resilience
evolution of reinforced concrete frame-wall structures in
corrosive environments over service time[J]. Journal of
Building Engineering, 2025, 99: 111443.

GB/T 38591—2020 2 SLHT R8I bR e[S .

GB/T 38591—2020 Standard for seismic resilience
assessment of buildings[S]. (in Chinese)

LiY H, Zheng S S, Dong L G, et al. Seismic capacity
evaluation of corroded reinforced concrete frame struc-
tures[J]. Archives of Civil and Mechanical Engineering,

2024, 25(1): 21.

(42]

[43]

[44]

[45]

[46]

FT R B RCHE Q25 1 ) 4% P52 g 1 WAl [D]. 78
% PR FURHR 2023,

Sang Z W. Assessment of residual seismic capacity of
corroded RC frame structures[D]. Xi’an: Xi’an Universi-
ty of Architecture and Technology, 2023. (in Chinese)
Yang L, Zheng S S, Zheng Y, et al. Seismic capability
assessment of in-service reinforced concrete shear wall
structures considering corrosion: methodology and case
analysis[J]. Journal of Building Engineering, 2025, 111:
113267.

Zheng S S, Dong L. G, Zhang Y X. Seismic fragility
analysis of multi-age reinforced concrete structures[M].
Beijing: Science Press, 2023.

TENE, B RN . T 5 5 B 7 TR B e HE SR A R
FEPEREAR BT AR [T]. A STEE H 244, 2016, 37(9): 53-60.
Yu X H, Lu D G. Fragility-based assessment of seismic
performance margin for RC frame structures[J]. Journal
of Building Structures, 2016, 37(9): 53-60. (in Chinese)
Burton H V, Deierlein G G. Integrating visual damage
simulation, virtual inspection, and collapse capacity to
evaluate post-earthquake structural safety of buildings[J].
Earthquake Engineering &. Structural Dynamics, 2018,
47(2): 294-310.

(% XXX)



