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National Institute of Standards and Technology
Pancake-type Failure

Zipper-type Failure

Domino-type Failure

Mixed-type Failure
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Table 1. Cross-section dimensions of steel elements
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1 Concentric X-Bracing System
2 Eccentric Chevron-Bracing System
3 Knee-Bracing System
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Table 2. Earthquakes and their characteristics used in
this study
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Fig. 1. Maximum seismic response of the upper node of the removed side-column for the 3-sotrey frame
model under El Centro earthquake excitation: a) displacement; b) velocity; and c) acceleration
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Fig. 2. Maximum seismic response of the upper node of the removed middle-column for the 3-sotrey frame
model under El Centro earthquake excitation: a) displacement; b) velocity; and c) acceleration
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Fig. 3. Maximum seismic response of the upper node of the removed side-column for the 3-sotrey frame
model under San Fernando earthquake excitation: a) displacement; b) velocity; and c) acceleration
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Fig. 4. Maximum seismic response of the upper node of the removed middle-column for 3-sotrey frame
model under San Fernando earthquake excitation: a) displacement; b) velocity; and c) acceleration
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Fig. 5. Maximum seismic response of the upper node of the removed side-column for the 3-sotrey frame
model under the Kobe earthquake excitation: a) displacement; b) velocity; and c) acceleration

YA



x10° x10°

Max Disp (m)
Max Vel (m/sec2)

Moment Cross  EBF Knee

‘?’m .“ ."”' :E

Moment Cross

CuS gt it 12

Max Accel {m/sec)

Moment Cross EBF Knee

EBF  Knee

b als aiy il

S 35 S ,e0 Cod Al aw B Jao I (S oaws Bls (g 51 (B 0,5 )3 (gl 85, Fwly palie Al £ JSW

Fig. 6. Maximum seismic response of the upper node of the removed middle-column for 3-sotrey frame
model under the Kobe earthquake excitation: a) displacement; b) velocity; and c) acceleration
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Fig. 7. Maximum seismic response of the upper node of the removed side-column or middle-column for
3-sotrey model with moment frame system: a) displacement; b) velocity; and c¢) acceleration
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Fig. 8. Maximum seismic response of the upper node of the removed side-column or middle-column for
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