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Seismic design methodology based on damage mechanism
control for reinforced concrete structures

QU Zhe YE Lieping
( Department of Civil Engineering Tsinghua University Beijing 100084 China)

Abstract: Damage mechanism control is an effective way of enhancing the seismic performance of building structures
where system design demand analysis and member design are the three essential aspects. A brief review of the
development history of seismic structural systems in the sense of damage mechanism control is followed by the proposal
of a damage mechanism control-based seismic design methodology which incorporates a two-phase design procedure. In
the first phase linear elastic analysis is used to determine the strength demand for potentially inelastic members. And
in the second phase equivalent linear analysis is used to quantitatively determine the deformability demands for
potentially inelastic members and strength demands for other members in order to achieve the desirable damage
mechanism. These demands form the basis for the proportioning and section design of each structural member. An
example of reinforced concrete ductile moment—esisting frame is provided to demonstrate the implementation of the
proposed design method. Nonlinear dynamic analysis is conducted to evaluate its effectiveness. Results show that the
proposed method can better ensure the desirable damage mechanism.

Keywords: building structure; reinforced concrete; equivalent linear analysis; damage mechanism control; seismic

design

(200800030001) (90815025) .
(1983— ) o E-mail: qz@ mails. tsinghua. edu. cn
(1960— ) o E-mail: ylp@ tsinghua. edu. ¢n

12010 11

21



- GB 50011—2010 { —

> ( )

) Wik, i
° —i
(a) TR (b) TR (o) HapkHtit

1

Fig.1 Basic aspects of seismic damage mechanism

control for RC structures
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2 Fig.3  Procedure of equivalent linear analysis
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Fig.2 Principles of equivalent linear analysis
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Fig.4 Seismic performance curve of structures
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Fig.5 Seismic design procedure based on

damage mechanism control
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Table 1 Story height and weight of frame structure

/mm /t
1 4 500 345.0
4 000 341.7
3~4 3 500 338. 1
5~7 3 500 322. 1
3 500 246.6
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Fig.6  Plan layout of the 8-story frame structure
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Fig.7 Intended damage mechanism of frame structure
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Fig.8 Maximum story drift ratio in both directions
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Fig.9 Curvature ductility of beam ends under

rare earthquakes
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Fig. 10  Strength demands for frame columns under
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Table 2 Basic information of selected ground motion records
M V. /(mes™h) /km PGA/g PGV /(emes™t)y Tyls
1 6.50 1976 Friuli Italy-01 424.8 14.97 A-TMZ270 0.31 30. 80 4.9
2 6.53 1979 Tmperial Val. 06 274.5 22.03 HDLT352 0.35 33.09 50.3
3 6.54 1987  Supert. Hills-02 207.5 23.85 BIVW360 0.21 34.51 28.7
4 6.93 1989 Loma Prieta 370.8 27.67 HSPO0O 0.37 62.30 16.4
5 7.28 1992 Landers 353.6 23.62 YER270 0.24 51.40 17.6
6 6. 69 1994 Northridge-01 450.3 20. 10 ORR090 0.57 52.54 9.1
7 6.90 1995 256.0 19. 14 SHIO00 0.24 37.84 10.3
8 7.14 1999 Duzce Turkey 326.0 12. 02 BOLO90 0.82 62.07 9.4
9 7.62 1999 446. 6 45.15 TCU095-E 0.38 62. 02 13.2
10 8. 00 2008 300.0" 18.76 UA0097 0.48 35.87 72.0
* 1 .
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