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Research on Time-dependent Seismic Damage Characteristic of

Complex High-rise Steel-concrete Composite Structure
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2.Jiangsu Key Laboratory of Engineering Mechanics, Nanjing 210096, China)

Abstract: Nonlinearly evolutionary process of damage due to material degradation is not considered in
the seismic performance design of complex high-rise structure. Aiming at complex high-rise steel-concrete
composite structure, the time-dependent characteristic of local component and whole structure induced by
key parameters of concrete material was considered in this paper.Combining the time-dependent model of
seismic damage with dynamic elastic-plastic time history analysis method, damage time-dependent charac-
teristic of high-rise steel-concrete composite structure was studied.Because key parameters such as stiffness
and damping not only have the “variable” character in service periods, but also have the “constant” charac-
ter under seismic loads, the method regarding the key parameters as “quasi-variables” was proposed. Dy-
namic elastic-plastic time history analysis was used to obtain the dynamic response of the structure. Both

the integral method based on interlayer displacement and the weighted combination method based on com-
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ponent” damage were used to research on the time-dependent characteristic of the composite structure. The

result shows that the structure in service period has significantly time-dependent characteristic. Time-de-

pendent damage might exceed the corresponding threshold value under frequent earthquakes. The change of

stiffness may lead to the change of the lateral force and the transmission capacity of earthquake action.

Compareing the time-dependent damage in service period with design value without counting the time-de-

pendent characteristics,it can be found that time-dependent characteristics of material have great influence

on the accuracy of the seismic design and evaluation of the structure.

Key words: composite structure; time-dependent characteristic; dynamic elastic-plastic time history;

seismic damage
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Technical route of seismic damage time-independent characteristics analysis of complex

high-rise steel and concrete composite structure
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Tab.4 Material and sectional dimension of each component
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Tab.5 Compress and elastic module of C40 concrete
under different service period
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35 40.433 1 32.698 89
40 38.909 6 32.343 51
45 36.813 9 31.821
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55 30.905 9 30.095 44
60 27.093 6 28.729 48
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Fig.12 Time-dependent damage under frequent
earthquake based on globe model
(EI-Centro wave)
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Fig.13 Time-dependent damage under frequent

earthquake(T2-[[ -2 wave)
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Fig.14 Time-dependent damage under frequent
earthquake(Northridge wave)
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frequent earthquake(T2-][-2 wave)
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Fig.17 Time-dependent damage under frequent

earthquake(E1-Centro wave) (weighted combination)
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Fig.18 Time-dependent damage under frequente
arthquake(T2-[[ -2 wave) (weighted combination)
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Tab.6 Mean value of component’s damage for each floor in the 30" year and 35" year

B 30 a 35 a

J2 i F13% i 7 TR Uipats #E 7 T

1 0 0 0 0 0 0 0 0

2 0.057 879 0 0 0.119 462 0.061 034 0 0 0.122 75
3 0.108 155 0 0 0.178 508 0.112 345 0 0 0.183 212
4 0.110 664 0 0 0.177 97 0.117 0 0 0.185 053
5 0.083 328 0 0 0.143 417 0.090 569 0 0 0.151 424
6 0.043 164 0 0 0.096 97 0.048 75 0 0 0.103 379
7 0 0 0 0.043 667 0.003 0 0 0.050 864
8 0.012 595 0 0 0.061 902 0 0 0 0.020 583
9 0.018 543 0 0 0.073 78 0.021 31 0 0 0.076 682
10 0.000 569 0 0 0.059 606 0.004 241 0 0 0.063 773
11 0 0 0 0.053 394 0 0 0 0.057 447
12 0 0 0 0.043 356 0 0 0 0.048 621
13 0 0 0 0.047 023 0 0 0 0.051 265
14 0 0 0 0.058 379 0 0 0 0.058 932
15 0 0 0 0.052 409 0 0 0 0.052 553
16 0 0 0 0.042 553 0 0 0 0.042 394
17 0 0 0 0.038 394 0 0 0 0.038 167
18 0 0 0 0.044 167 0 0 0 0.044 508
19 0 0 0 0.049 212 0 0 0 0.050 03
20 0 0 0 0.049 962 0 0 0 0.051 182
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Fig.19 Mean value of damage based on the

global model and weighted combination model
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