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Seismic risk assessment method for frame structures considering

steel corrosion

LI Bo, XU Yanan, YAN Guogian, YANG Xu., ZHANG Yunhao
(School of Civil Engineering, Chang’an University, Xi’an 710061, Shaanxi, China))

Abstract: In order to scientifically evaluate the seismic risk of steel corrosion in frame structures,
the effects of steel corrosion and concrete cracking on the anti-collapse performance of frame
structures were studied. The mean deformation capacity of the structure corresponding to the
collapse limit state was defined as a function of time, and the annual failure probability of the
structure collapse was integrated by considering the aging time. The seismic collapse probability
of the structure considering the corrosion effect of steel bars was obtained. A seismic risk
assessment method considering the aging effect of structures was proposed, and this method was
applied to corroded RC frame structures with different seismic intensities. The impact of
structural aging effects on seismic risk near the collapse limit state was studied. The results show
that the collapse margin ratio (CMR) of a frame structure with 6, 7, 8-degree seismic intensities
that has been corroded for 50 years is 18. 7%, 31. 0%, and 19. 4% lower than that of a non

corroded structure, respectively. The mean annual collapse rate of a frame structure with 6, 7, 8-

Wi HHA:2023-09-01 ML http://jace. chd. edu. cn
E&WA - FHHKARPAEEETH (51208042)
fEFERA 2 W A979), 5, T4+, fl #3%Z . E-mail : liboxuat@163. com,



%5 S

W F AR IR LE M E AR AR Ak 04 M R R e TR A ik 53

degree seismic intensities considering aging effects for 50 years is 28. 6%, 59. 8%, and 32. 6%

higher than that of a structure without considering aging effects, respectively. It is recommended

to consider the influence of structural aging effects in the seismic risk assessment of RC frame

structures in different intensity zones.

Key words: reinforced concrete frame; earthquake risk; capacity degradation; steel corrosion; in-

cremental dynamic analysis
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Table 1 Dimensions and reinforcement of beam and column sections of 6-degree fortified frame structures
o - Y W S g’}\ % EE ﬁ-ﬁ Jhs oA Sk
Hfk R T L : - 1 i
Tt Jig i
bz 250 mm X 500 mm C30 2¢20F1 1418 218 M 116 $6@100(2)
s g 250 mm X 500 mm C30 2¢20F1 1418 3¢ 14 $6@100(2)
EUN S 450 mm X450 mm C30 816 816 $8@100(3)
F2 THEHEBIEREMR FEHERTREH
Table 2 Dimensions and reinforcement of beam and column sections of 7-degree fortified frame structures
N = s %%EE% St oA A
¥ e R RBE T F % i A3 Tc A3
oL i
pugzry 250 mm X 500 mm C30 3¢ 20 3¢ 20 $8@100(2)
s g 250 mm X 500 mm C30 3¢ 20 3@ 18 $8@100(2)
ENES 450 mmX 450 mm C30 124016 12416 $8@100(4)
R3 SEEMERFMF HEHEER T RELH
Table 3 Dimensions and reinforcement of beam and column sections of 8-degree fortified frame structures
Y Y P Py g}}\%‘j@ﬂﬁ?j Jeh oA ofs-
i Hom R TREE 1+ %9 i A3 e A3
o JiE #
puliz 3y 250 mm X500 mm C35 2025 f 118 2918 1 1416 $6@100(2)
s g 250 mm X 500 mm C35 2420 F1 225 3¢ 25 $6@100(2)
NS 600 mm X 600 mm C35 12422 12 ¢b 22 $8@100(4)
x4 FHHEXREH RS A[EIHE A E W AR B F e

Table 4 Fundamental periods of structures

Table 5 Mechanical properties of reinforced concrete for

LM SR JE /s different corrosion time
% ol i) - . ) ; :
6 BB 7 R 8 EE ik B 5 o B[] fye/MPa Jue/MPa eue/ %0 fee/MPa
EN AL 0.911 0.861 0.766 A 45 ol 400. 00 540. 00 8. 00 20. 10
10 4F 0.923 0.871 0.770 10 4F 381. 88 518.07 7.69 15. 46
20 4E 0. 929 0.876 0.778 20 4F 363.76 496. 14 7.38 12.56
30 4F 0. 950 0. 895 0.795 30 4F 345, 64 474, 21 7.07 10. 58
40 4F 0. 967 0. 902 0. 806 40 4F 310. 05 428.02 6.92 9. 14
50 4F 0. 979 0.910 0.811 50 4F 270. 06 375.72 6.47 8. 04
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Table 6 Values of parameters a,b

LT a b

Mo 0.019 36 1.053 5
M10 0.032 33 1.224 5
M20 0.036 45 1.270 7
M30 0.036 50 1.2831
M40 0.036 70 1.280 9
M50 0.036 21 1.276 2
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Table 7 Mean value of structural deformation capacity
corresponding to collapse limit state of 7-degree
fortified structure M0-M50

fi 0 me/ %
Mo 3.31
M10 3. 04
M20 2.77
M30 2.55
M40 2.39
M50 2.21
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Table 8 Mean annual collapse rate of 6-degree

fortified structures

A5 b it 1] Ac(AD /1076 [AcCA —A21/A8/ %
EN 7 5.79 0.0

10 4F 6.06 4.7

20 4 6.36 9.8

30 4F 6.69 15.5

40 4F 7.05 21.8

50 4F 7.44 28.5

R9 TEEHEMEHEHREMEE
Table 9 Mean annual collapse rate of 7-degree

fortified structures

5 falt B (] Ac(AD /1076 [AcCAD —A2]/2%/ %
A5l 4.96 0. 00
10 4F 5.37 8. 27
20 4F 5.85 17.90
30 4F 6.41 29. 20
40 4F 7.09 42.90
50 4F 7.93 59. 80
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Table 10 Mean annual collapse rate of 8-degree

fortified structures

5 s ] Ac(AD) /1076 [AcCAD —ALT/AL/ %
A 2. 30 0. 00
10 4f 2.42 5. 21
20 4F 2.56 11. 00
30 4F 2.71 17. 40
40 4F 2.87 24. 60
50 4F 3.06 32. 60
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