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Abstract: To realize the seismic damage analysis of steel reinforced concrete (SRC) frames with special-shaped
columns, a damage model which can reflect the migration and evolution of the member damage, the floor damage
and the whole frame damage was established by using the weighted coefficient method. Seismic damage tests and
finite element simulation were carried out on two SRC frames with special-shaped columns. The moment-rotation
hysteresis curves of the beams and the horizontal load-displacement hysteresis curves of the columns were
obtained. The seismic damage index of specimens was calculated and analyzed. The results show that the change
law of the damage index of members, floors and the whole frame were in good agreement with the failure
development processes of the specimens, indicating that the seismic damage model of the SRC frame with
special-shaped columns is reasonable. Based on the failure states of the specimens and the seismic damage
analysis results, the range of the damage index of SRC frames with special-shaped columns corresponding to five
performance levels was proposed. It provides the basis for the post-earthquake damage assessment of this type of
structure.
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Table 1 Characteristic loads and displacements of columns

WEGRS BE FERALE JTRAEUKN TR /mm 8 R E/AN B IR /mm A /AN W AR /mm AT AN A AL /mm

2 Ak 30.11 3.10 78.55 14.48 90.27 35.82 76.73 50.62
= ik 19.01 3.10 49.61 14.48 57.02 35.82 48.47 47.55
bii i 30.21 3.40 70.81 12.27 90.27 35.70 76.73 45.98
SYBK 2= o
Wk 19.08 3.40 45.48 12.27 57.02 35.70 48.47 45.98
3 bii i 30.21 3.34 72.35 11.43 90.27 25.49 76.73 50.62
- ik 19.08 3.34 45.69 11.43 57.02 25.49 48.47 50.62
2 ik 33.08 345 75.73 14.27 99.84 4221 84.86 64.95
= o 25.73 3.45 58.90 14.27 77.65 4221 66.00 65.80
Wk 32.53 3.52 76.19 13.33 99.84 36.99 84.86 55.93
SYZK 22 .
o 25.30 3.52 59.26 13.33 77.65 36.99 66.00 57.26
32 ik 32.53 3.57 66.14 6.35 99.84 31.47 84.86 53.17
= N
o 25.30 3.57 51.44 6.35 77.65 31.47 66.00 52.08
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Fig. 7 Moment-rotation hysteresis curves of beam ends of SYBK
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Table 2 Characteristic moments and rotations of beams

ROEHE BE PRNE BREEGNm)  BREMA<0)  WETENT)  WEAREMA(10Y)  BORSE/KNm)  BOIREE/(<107)

I fAkE 42.400 0.019 48.970 0.025 41.620 0.052
=
R 42.560 0.018 46.790 0.041 39.770 0.067
fark 44.240 0.028 45.290 0.050 38.500 0.085
SYBK 2/ o
Wk 43.000 0.018 44.960 0.051 38.220 0.085
32 ke 39.930 0.018 44.360 0.021 37.710 0.047
=
kE 25.410 0.026 36.900 0.047 31.370 0.053
- ik 27.670 0.031 31.967 0.070 27.354 0.137
=
A 27.617 0.030 32.067 0.061 27.326 0.147
kE 27.684 0.029 31.791 0.063 27.112 0.152
SYZK 2= i
A 26.283 0.030 30.487 0.059 25914 0.138
. R 27.854 0.028 31.450 0.057 26.733 0.115
=
A 23.367 0.021 25.737 0.030 11.554 0.042

&3 ERPE. ERRGREY

Table 3 Damage index of beams and columns

WS A U= 2 e

Dgap/Deaci - Dear/Deci - Depi Dpppa/Deeca DearDea - Depa Dgppp3/Depcs Deas’Decs Dess

14, 0.152 0.121 0.113 0.206 0.131 0.120 0.138 0.092 0.104

24, 0.226 0.259 0.254 0.287 0.229 0.235 0.235 0.206 0.256

SYBK 3Ay 0.576 0.523 0.550 0.681 0.573 0.598 0.473 0.634 0.583
44, 0.927 0.785 0.772 0.977 0.727 0.684 0.514 0.794 0.754

54, 0.957 0.992 0.989 1.000 0.948 0.953 0.934 0.855 0.960

IA), 0.137 0.071 0.073 0.146 0.101 0.120 0.126 0.069 0.074

24, 0.328 0.339 0.251 0.327 0.189 0.205 0.264 0.194 0.236

SYZK 34, 0.671 0.543 0.543 0.741 0.486 0.498 0.426 0.472 0.473
44, 0.938 0.755 0.760 0.986 0.697 0.704 0.564 0.624 0.734

54, 0.941 0.994 0.994 1.000 0.952 0.942 0.884 0.825 0.975

VE: Dpapis Dpaprs Dpaps 2P WFOR 1 20 32 AB BSRMHWIHEEG: Dypers Dopcrs Dapes AMFRH 1. 24 3 /2 BC BERIHHHEE: Doy
Deas~ Deas SPRIFTREE 1. 20 3 2 A BEHIBHESEG: Decrs Decas Dees AR 1. 20 3 )2 CHIMHRGTES: Degis Depas Dens 2 HI
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Table 4 Damage index of floors
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14, 0.307 0.125 0.135 0.139 0.294 0.140 0.133 0.174 0.161 0.236 0.206  0.110
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