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Fig. 1. Geometric irregularities in the plan according to Iran's
seismic guideline
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Fig. 2. Plan of irregular structures.
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Fig. 6. The time interval between the mainshock and
aftershock to ensure resting of the structure [11]
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Seismic . . Magnitude 2 1

no sequence Station Date (time) (M) RSN PGA'(g)
. 1980/05/25 (16:34) 6.06 230 0.442
! MammothLakes  Convict Creek 1980/05/25 (20:35) 5.7 240 0.484
) . : 1979/10/15 (23:16) 6.53 185 0.258
2 Imperial Valley  Holtville Post Office 1979710/15 (23:19) 0l 208 0.114
2 Coalinga Coalinga-14th & 1983/07/22 (02:39) 5.77 406 0.519
9 Elm 1983/07/25 (22:31) 5.21 418 0.677
Zack Brothers 1986/07/20 (14:29) 6.13 547 0.271
4 Chalfant Valley Ranch 1086/07/21 (14:42) 5.77 558 0.447
5 Whittier San Marin 1987/10/01 (14:42) 5.99 691 0.193
Narrows 1987/10/04 (10:59) 5.27 716 0.206
. . 1997/04/05 (23:46) 6.1 1748 0.273
6 Northwest China Jiashi 1997/04/11 (05:34) 5.9 1752 0.300

Table .2. Seismic sequence records applied to the structure.

! peak Ground Acceleration

2 Record Serial Number
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- Structure regular Irregular 1 Irregular 2
= No mode Model Mode2 Mode3 Model Mode2 Mode3 Model Mode?2 Mode 3
8 Story 2.26 2.26 2.13 1.96 1.96 1.83 1.98 1.97 1.86
12 Story 3.00 3.00 2.78 2.59 2.59 2.38 2.64 2.64 241
20 Story 3.67 3.67 3.37 3.74 3.72 3.32 3.33 3.32 2.94
Table. 3. Time period (in seconds) Modal shape of modeling structures.
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Fig. 7. Roof displacement of regular and irregular 8 story
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Abstract:
Earthquake sequences occur at many regions around the world where complex fault systems exist. These fault
systems usually do not relieve all accumulated strains at once when the first rupture takes place. Therefore, high
stresses formed at different locations causing sequential ruptures until the fault system is completely stabilized.
The sequential ruptures along the fault segment(s) lead to multiple earthquakes which are often hard to
distinguish them as fore, main and after-shocks, or a sequence of earthquakes from proximate fault segments.
The most recent one sequences occurred are two foreshocks of magnitude 6.2 and 6 followed by a magnitude 7
main shock between 14 and 15 April 2016 caused severe damage and injuries. The event of two earthquakes by
magnitude 2.6 and 6, which rocked the cities of Ahar, Varzaghan and Harris in East Azerbaijan in Iran in
August 2012, is also a seismic sequence. Field investigations reported failure of structural systems under
earthquake sequences, especially where structural retrofitting was not provided due to the short time between
the earthquake sequences. In most failure cases the reported damage is mainly due to loss of stiffness and
strength of structural elements as a result of material deterioration under earthquake sequences loadings.
Buildings may have different configurations depending on the construction location and have different plan
dimensions that would lead to irregularity in their planning. Limited research has addressed the seismic
behavior of structures subjected to earthquake sequences especially irregular structures.
This study investigates the effect of earthquake aftershocks on the steel buildings with irregularity in plan. For
this purpose, we studied on structures of 8, 12 and 20 number of stories with special steel frame system under
the earthquake sequences. Each of these structures consists of three cases: regular, irregular 1, and irregular 2
models that were designed in accordance to Iranian codes by SAP 2000 software. Geometric irregularities in the
plan of the structure created in accordance to Iran's seismic code, a recess should be created in proportion to
more than 2% of the total length of the building. In this paper, first irregularity has a recess by 5 meters (one
span) and the second irregularity with a recess by 10 meters (two spans), which is 25% and 50% of the length of
the building, respectively. The spectral dynamical analysis method has been used to design the structures. For
nonlinear analysis, we use Perform-3D software, In Perform-3D, a frame element is used to model beams and
columns. Then these structures were evaluated by nonlinear dynamic analysis under actual earthquake
sequences. Six sequential earthquake categories that have a major earthquake spacing with corresponding
aftershock occurred in less than a week in the area were selected from the PEER (Earthquake Strength
Database). Finally, after discussion on parameters such as roof displacement, residual inter story drift and
maximum inter story drift, it is observed that aftershock leads to increasing the response of the structures and as
a result failure under aftershock. By increasing the irregularity in the plan, the instability of the structure
increases under aftershock, which may cause structural failure.
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