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Seismic Performance Evaluation of Special Moment Steel Frames with
Torsional Iregularities - II Improving Seismic Design Method
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Abstract - This paper is the sequel of a companion paper (I. Seismic Design) for design and assessment of the torsional irregular
structure using ASCE 7-10 criteria. This study evaluates the influence of torsional provisions on the performance of the designed
steel moment frame with different eccentricity, taking the collapse probability as performance metric using the methodology in
FEMA P695. The result show that torsional irregular structure designed according to ASCE 7-10 has an excessive seismic
performance and the collapse strength is low as the eccentricity increases. To make the design reasonable, a new design approach
is proposed in this study.
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Table 1. Probability of collapse for the model structure for comparison of design Type-X and design Type-O

Arch. ID Sir . Sep CMR SSF P(CollapselS,,;| Pass/ Fail
3-TP1 1.14 5.64 1.52 1.33 1.33 0.15 Pass
3-TP2-O 1.14 5.63 1.60 1.40 1.33 0.13 Pass
3-TP3-0 1.14 6.49 1.70 1.49 1.36 0.11 Pass
3-TP4-O 1.14 6.60 2.40 2.11 1.36 0.04 Pass
3-TP5-0 1.14 6.15 3.60 3.16 1.35 0.01 Pass
3-TP2-X 1.14 5.75 1.40 1.23 1.34 0.18 Pass
3-TP3-X 1.14 5.14 1.40 1.23 131 0.18 Pass
3-TP4-X 1.14 4.57 1.20 1.05 1.29 0.25 Fail
3-TP5-X 1.14 3.75 0.80 0.70 1.26 0.47 Fail
9-TP1 0.51 451 0.71 1.41 1.29 0.14 Pass
9-TP2-O 0.51 3.99 0.64 1.26 127 0.19 Pass
9-TP3-O 0.51 4.09 0.70 139 127 0.15 Pass
9-TP4-O 0.51 4.61 0.93 1.83 1.29 0.08 Pass
9-TP2-X 0.51 4.46 0.62 1.23 1.29 0.19 Pass
9-TP3-X 0.51 3.14 0.59 1.17 1.23 0.23 Fail
9-TP4-X 0.51 3.82 0.55 1.09 1.26 0.25 Fail
0.6 S 0.6 —
I Dcsign Type X I Design Type X
o5l I Design Type O - | I Design Type O
202 0.2
nhhl nlhl
A 1L L [, ]

Type 1 Type 2 Type 3 Type 4 Type §
Types of structures

(a) 3 story

Type 1 Type 2 Type 3 Type 4
Types of structures

(b) 9 story

Fig. 1. Collapse probability of the model structure for comparison of design Type-X and design Type-O
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Table 2. Probability of collapse for the model structure for new design type

Arch. ID Sir thy Sep CMR SSF P(CollapselS,,;|  Pass/Fail
3-TP4-OM 1.14 8.49 1.70 1.49 1.42 0.14 Pass
3-TP5-OM 1.14 2.77 1.90 1.67 1.21 0.13 Pass
9-TP4-OM 0.51 4.59 0.82 1.61 1.29 0.10 Pass
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Fig. 3. Collapse probability of the model structure for comparison of new dsign type and ASCE 7-10
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