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Abstract

Aiming at the complex high-rise steel-concrete composite structures and considering the deteri-
oration process of concrete materials during service period, a seismic vulnerability analysis me-
thod considering the time-varying characteristics of materials is proposed. Based on incremental
dynamic analysis (IDA), the dynamic response of the structure subjected to earthquake during
different service years is obtained, and the seismic vulnerability curve of the structure is obtained
by combining the seismic damage model and theoretical seismic vulnerability analysis method.
Taking a typical complex high-rise steel-concrete composite structure as an example, 15 seismic
waves are selected and IDA analysis is conducted based on MIDAS GEN software. Then the de-
signed vulnerability curves and time-varying vulnerability curves were drawn to evaluate the
seismic performance of the structure during service periods. The results show that considering
the time-varying characteristics of materials, the seismic behavior of composite structures can
be analyzed and evaluated more accurately. The seismic vulnerability curve shows a certain
time-varying characteristic, which is different from the designed curve which does not consider
the time-varying performance of the material. In view of the important position of such structures,
the change of the seismic vulnerability with the time-varying properties of materials is worth not-
ing. The seismic vulnerability analysis method for composite structures considering time-varying
characteristics proposed in this paper can directly reflect the difference in seismic performance of
structures during different service periods and provide a basis for predicting and preventing
earthquake disaster.
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Figure 1. Technical route for seismic vulnerability analysis considering time-varying properties of materials
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Table 1. Classification of seismic performance level of complex high-rise steel-concrete composite structures [15]
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Figure 2. Standard floor plan and schematic diagram of structure
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Figure 3. Schematic diagram of plastic hinge
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Figure 4. Hysteresis model
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3 Holly Hollywood Storage P.E. (1952) KIRUE
4 sanfery San Fernando (1971) RARIL
5 jamesiH James RD. El Centro (1979) RAIRVKE
6 mexciti Mexico city, Station 1 (1985) RARD%
7 nridgel Northridge, Santa Monica, City Hall Ground (1994) RARBE
8 oakwhii Loma Prieta, Oakland Wharf (1989) RIRBE
9 pocoima San Fernando Pocoima Dam (1971) FAR I
10 park i ParkfieldCholmae, Shandon (1966) FARUE
11 sanfernif San Fernando, 8244 Orion Blvd (1971) KA
12 T1-T% MIYAGI-Coast(1978) & HOKKAIDO-S/W-coast (1993) N LA B
13 T1-IL HYUGANADA-coast (1968) & HOKKAIDO-EastCoast (1994) N L&
14 T1-1I3 NIHONKAI-Central (1983) & HOKKAIDO-EastCoast (1994) NTA B
15 T2-T HYOUGOKEN_South (1995) NTA B
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Figure 7. Linear regression analysis and equations
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Table 4. Compressive strength and elastic modulus of concrete at different ages

4. RBETEFSRFR THRERERSMIEE

C40 JREE+
HRARI 1)/ UL 8 /MPa P R/ GPa
5 37.5579 32,482
10 39.4676 32,937
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Continued
15 40.8051 33,237
20 41.5704 33,402
25 41.7635 33,443
30 41.3844 33,362
35 40.4331 33,155
40 38.9096 32,807
45 36.8139 32,296
50 34.146 31,581
55 30.9059 30,602
60 27.0936 29,257

C35 i+

AR IR [R]/a PUE R /MPa FPERLE/GPa
5 28.168425 29,660
10 29.6007 30,167
15 30.603825 30,504
20 31.1778 30,689
25 31.322625 30,736
30 31.0383 30,645
35 30.324825 30,412
40 29.1822 30,023
45 27.610425 29,453
50 25.6095 28,665
55 23.179425 27,596
60 20.3202 26,151
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Figure 9. Time-varying seismic vulnerability curves for minor damage
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Figure 10. Time-varying seismic vulnerability curves of moderate damage
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Figure 11. Time-varying seismic vulnerability curves of severe damage
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Figure 12. Collapse time-varying seismic vulnerability curves
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