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Study on energy-based seismic design method and
application on steel braced frame structures

YE Lieping CHENG Guangyu QU Zhe LU Xinzheng
( Department of Civil Engineering Tsinghua University Beijing 100084 China)

Abstract: The research progress on the energy-based seismic design methodology by authors in recent years is
presented. Firstly the relation between energy-based seismic design methodology and traditional seismic design
method is discussed. This work points out that a critical condition to realize an energy-based seismic design is that the
structure should have a rational damage/energy-dissipation mechanism. Based on this condition a framework of
energy-based seismic design is proposed. Secondly the energy spectra for energy-based seismic design including the
spectral input energy E, cumulative hysteresis energy ratio E,,/E, for single-degree-offreedom ( SDOF) system and
the relations between energy spectra of SDOF and MDOF systems are briefly introduced. According to the energy
spectra the method to determine the total dissipated energy E, is proposed which further leads to the method to
calculate the dissipated energy E,; at the desired positions by using MPA. Therefore the seismic design of structural
elements can be performed based on the elemental dissipated energy K, the strength demands and the deformation
demands. Finally the application of the proposed energy-based seismic design methodology is demonstrated by the
seismic design of a steel braced frame.
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Fig.2  Framework of energy-based seismic design
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Table 1 Material properties of structure members
/mm  f, /IMPa  f, /MPa 1%
HT590 19 ~100 440 ~540 590 ~740 =20
Q235B 10 ~40 205 ~235 375 =20
BRB LYI00 6~12  90~130 200~300 =50
2 ® GB 50011—2010 {
»  GB 50017—2003 {
) R =52
BRB o
v =0.5 1/2
N 2
1.62 s.
2

Table 2 Component section dimensions

2

/mm’
1~5 [J500 x500 x20 x20 1500 x300 x 12 x20 24 464
6 ~10 [J400 x400 x20 x20 1500 x300 x 12 x20 18 400
11 ~15 [J350 x350 x20 x20 1500 x300 x 12 x20 13216
4.2
2 @G MPA
THA

THA 3 10
400 gal
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3
Table 3 Earthquake records and modified factor
for strong intensity

PGA |
(emes™?)
1 El Centro EW 10 ( Tg =0.38s) 210 1.90
2 El Centro NS II(7,=0.455) 341 1.17
3 Kobe EW TI(T,=0.385) 617 0. 65
4 Kobe NS II(T7,=0.36s5) 817 0.49
5 Tohoku Univ. EW 1II(T7,=0.36s5) 202 1.97
6 Tohoku Univ. NS II( Tg =0.40s) 258 1.55
7 Taft N21E TI(T7,=0.365) 152 2.62
8 Taft S69E T (T, =0.445s) 176 2.27
9  Hachinohei EW 1I( Tg =0.36s) 183 2.19
10 Hachinohei NS  1I( Tg =0.35%) 225 1.78
MPA 10
8/H BRB
4, 4
1/50
3 ;
BRB 6 BRB
6 o
4

Table 4 The maximum of element ductility and story
drift under strong intensity earthquakes

i i beam i brace 6/H
1 1.67 5.68 1/133
2 2.19 5.40 1/118
3 2.36 4.38 1/109
4 2.42 3.35 1/101
5 2.55 2.74 1/93
6 2.71 3.99 1/92
7 2.57 3.45 1/86
8 2.40 2.35 1/78
9 2.25 1.43 1/72
10 2. 14 1.22 1/71
11 1.93 3.00 1/83
12 1.76 3.38 1/87
13 1.54 2.65 1/91
14 1.52 1.25 1/99
15 0.94 0.71 1/151
4.3
R=5.2 T,=1.62s
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Table 5 Cumulative energy of elements under rarely earthquake
Ey/E E /I E Ey ! /!
i Hi H Hi brace Hi beam ( kN 'm) ( kN 'm) A(. /A‘ om /rad
( kN *m) ( kN *m)
1 0.210 2463 61.82 11.00 977 111.96 0.0127
2 0. 196 2293 102. 03 10. 42 977 110.02 0.0209
30.143 1682 114.72 10. 42 977 80.72 0.0235
4 0.089 1042 117.93 10. 42 977 50.00 0.024 1
5 0.052 607 119. 56 10. 42 977 29.12  0.0245
6 0.078 910 140. 35 7.84 977 58.04 0.0287
7 0.068 797 123. 80 7.84 977 50.82 0.0253
8  0.034 396 92. 12 7.84 977 25.26 0.0189
9 0. 008 91 48.51 7.84 977 5.80 0.0099
10 0. 008 89 44.56 7.84 977 5.68 0.0091
11 0.034 397 59.47 5.63 977 35.26  0.0122
12 0.043 510 51.54 5.63 977 45.30 0.0106
13 0. 032 372 37.97 5.63 977 33.04 0.0078
14 0.004 49 21.55 5.63 977 4.36 0.004 4
15 0.002 27 0. 00 5.63 977 2.40 0.0000
E M,

SDOF E,

MDOF E\ yinor

Ey/E, ywnor °

Y Ey

E, o

2) SDOF
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Fig. 10 Comparison between nonlinear time-history analysis and proposed method
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