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Fail-safe seismic design and its applications

Qu Zhe, Ye Lieping
(Key Laboratory of Structural Engineering and Vibration of China Education Ministry
Department of Civil Engineering, Tsinghua University, Beijing, 100084, China)

Abstract: The current design method in the seismic design code takes the structural elastic
response subjected to minor earthquakes as the basis for structural design. This makes engineers
tend to pay little attention to designing and controlling the structural failure mechanism under rare
earthquakes. Thus, the seismic safety of building structures subjected to rare earthquakes is not
always guaranteed. The fail-safe design aims at the seismic safety, the most important seismic
performance of building structures. It requires the engineers to fully understand the damage and
failure behavior of the structure to be designed. By achieving the carefully chosen failure
mechanism, the structure is expected to gain adequate energy-dissipating capacity and survive rare
earthquakes with acceptable cost. Focusing on the rehabilitation of the Wenchuan earthquake, the
basic concepts, as well as some recent development and applications of the fail-safe design are
introduced. The fail-safe design is believed to be an effective and economical solution for
improving the seismic safety of the building structures all over our country and be especially
valuable for the developing regions.
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Figure 1 Bottom horizontal cracks of a masonry building in Mianzhu in Wenchuan earthquake (photo by Li Aiqun)
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Figure 3 Shaking table test on base isolation with sand

Figure 2 Base isolation with sand layers

2006 ¥, HAE# AL E-Defense 2E4T 1A i VR ik -+ 207 B AL ROBE Y 1) 4R 3

layers

ERZE

(Kabeyasawa), FFEAEIREG P LA T A [ 45 Rl b [ 45 S mtoed L as S ssm, 5%
UE T ShIERE B R AR . WAL W 4 Fros, A—BE4E I H AR 1970 S90S E T

e fiE

RN R R Bk, L

B4 o), BEIRPIES, JFAERE IR BB A ARk o [ 4 A 0 2 A X T

HESRAEAE N 1) A A BT DI o

M

14

%

i ¥ ik

JIANH AL 1981 ST PURE RV (1 K o iZ S 1) =

I Ailk

[RESR

Peal

Pl 4 JE[H 253600 A9 TR g L e e RASRY ) E-Defense #E8) &

s
WA 2

W5 77 B
Figure 4 Full scale shaking table test on RC school building with flexible foundation at E-Defense
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Figure 5 Seismic damages of specimens with flexible and rigid foundation under 100% JMA Kobe ground motion
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Figure 12 Braced rocking frame with energy-dissipating wing plates at the column base (Midorikawa et al 2007)
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Figure 13 Maximum story shear of the specimen (Midorikawa et al 2007)
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Figure 14 Self centering rocking wall with unbonded post-tensioned tendons (Marriot et al 2008)
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Figure 15 Self centering braced rocking frame (Deierlein 2009)
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Figure 16 Structure layout of G3 Building before and after retrofitting
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