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Seismic Performance Evaluation of Special Moment Steel Frames with
Torsional Irregularities - I Seismic Design
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Abstract - ASCE 7-10 defines the torsional irregular structure as the one that has large torsional responses caused by the
eccentricity. The code requires that these structures should be designed abide by the torsional provisions. This study evaluates the
influence of torsional provisions on the performance of the designed multiple steel moment frames with different eccentricity. In
this study, 3D response history analyses are performed. The results show that the moment frame design according to the standard
with torsional irregularity provisions showed larger performance as the eccentricity increased and the distribution of plastic
hinges similarly to orthopedic structures.
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Table 1. Design provision for torsional irregular structure at ASCE 7-10
Provisions Reference section SDC
Increase in forces 12.3.3.4 D, E, F
Modeling 12.7.3 B,C D, E F
Amplification of accidental torsional moment 12.8.4.3 C, D, E F
Story drift determination 12.12.1 C, D, E F

362 a7zt =2 A0 ASE(E

A150%) 201749 10



! ==
8406, ) | - _——a,
' 18,(8y0c)
T T w w w |
! '
i !
! Lox i
- LIS n .
- - f)u[ .
TX
'
n n

Fig. 1. Floor displacements in torsion-irregular structure
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Fig. 2. Elevation and floor plan for model structures

Table 2. Degree of irregularity and periods of the model buildings

Period D fi larit
No. of stories| Plan type Arch. ID egree Of drreguiarly
1st mode 2nd mode 3rd mode (Gax/ Suvg)
Type 1 3-TP1 1.57 (X-trans) | 1.56 (Y-trans) 0.95 (Z-rot) 1.00
3-TP2-X 1.59 (Y-trans) | 1.57 (X-trans) 1.03 (Z-rot)
Type 2 1.08
3-TP2-O 1.57 (X-trans) | 1.57 (Y-trans) 1.06 (Z-rot)
3-TP3-X 1.71 (Y-trans) | 1.57 (X-trans) 1.05 (Z-rot)
Type 3 1.14
3 3-TP3-O 1.53 (Y-trans) | 1.52 (X-trans) 1.17 (Z-rot)
3-TP4-X 1.92 (Y-trans) | 1.57 (X-trans) 1.01 (Z-rot)
Type 4 1.34 (Irregular structure)
3-TP4-O 1.35 (X-trans) 1.04 (Z-rot) 0.49 (Y-trans)
3-TP5-X 2.17 (Y-trans) | 1.57 (X-trans) 0.94 (Z-rot)
Type 5 1.42 (Irregular structure)
3-TP5-O 1.27 (X-trans) | 1.19 (Y-trans) 0.38 (Z-rot)
Type 1 9-TP1 2.66 (Y-trans) | 2.63 (X-trans) 1.61 (Z-rot) 1.00
9-TP2-X 2.71 (Y-trans) | 2.63 (X-trans) 1.73 (Z-rot)
Type 2 1.16
9-TP2-O 2.74 (Y-trans) | 2.59 (X-trans) 1.78 (Z-rot)
9 9-TP3-X 3.69 (Y-trans) | 2.63 (X-trans) 2.19 (Z-rot)
Type 3 1.31 (Irregular structure)
9-TP3-0O 2.76 (Y-trans) | 2.59 (X-trans) 2.07 (Z-rot)
9-TP4-X 3.25 (Y-trans) | 2.63 (X-trans) 1.71 (Z-rot)
Type 4 1.35 (Irregular structure)
9-TP4-O 246 (X-trans) | 2.35 (Y-trans) 1.71 (Z-rot)
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Table 3. Member sections used for the 3-TP1 and 3-TP5-O structure
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