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Abstract

Today, earthquakes are one of the important topics in the seismic design of structures in
engineering communities. In seismic areas, in addition to the main earthquake, a series of
foreshocks or aftershocks with different intensities usually occur, which occur with a short time
interval or a few days and months after the main earthquake. According to past experiences,
aftershocks often occur suddenly after the main earthquake and due to static and dynamic stresses
during the earthquake process. Successive earthquakes are one of the important topics in the
seismic design of structures, which has not been included even in new regulations. Therefore, the
study of structures under successive earthquakes and the reinforcement of structures under these
earthquakes is inevitable. Therefore, in this study, structures with a concrete special moment
frame system with a number of floors of 7, 12 and 20 floors have been considered. SAP2000
software was used to analyze the structures and nonlinear time history analysis was performed
for the structures under 7 near-fault earthquake records. The seismic behavior of these structures
under single and consecutive earthquakes, without dampers and with the addition of viscous
dampers, was investigated, and results such as base shear, roof permanent displacement, relative
floor displacement (drift), plastic joint formation process, and hysteresis curve were investigated
in all structures with and without viscous dampers under single and consecutive earthquakes.
These values were higher in consecutive artificial earthquakes than in single earthquakes, and a
greater reduction was created in the corresponding values when the damper was used. The
reduction in base shear in single earthquakes was 28% on average and 15% in consecutive
earthquakes, which indicated the effect of using viscous dampers. Also, considering that
consecutive earthquakes were more intense, this percentage of reduction was lower. Also,
according to the results of the permanent displacement of the roof, the reduction in permanent
displacement of the roof under single earthquakes was 19.33% and 14% for consecutive
earthquakes. The use of dampers has reduced the residual relative displacement between floors,
which is greater under single seismic scenarios than in the consecutive case. According to the
results obtained, it was determined that there is no direct relationship between the height of the
frame and the effect of the seismic sequence phenomenon on the increase in relative
displacement between floors. Finally, the results of the sensitivity analysis also showed that the
number of frame openings has an effect on the relative displacement of floors in 7-story frames,
and with its increase, a decrease in relative displacement is observed in the lower floors (1 to 3)
and an increase in relative displacement of floors in the upper floors (4 to 7). This phenomenon
has been observed for both single and consecutive earthquake conditions. As a general and final
conclusion of this research, it can be said that the response of the structure in the case of a
seismic sequence phenomenon is more critical than a single earthquake, and for this reason, the
effects of successive earthquakes should be considered in seismic design codes.
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Fig. 1. Models used in the research
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Table 1. Seismic parameters and loads on frames

A=0.35 design based acceleration
Residential User type
1=1.0 Importance factor
R,=7.5 Reduction factor
Cq=b.5 Displacement amplification factor
1 Soil type
3000 kg/m dead load on the beam

1250 kg/m live load on the beam
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Table (3) Sections of 7-story structure

Beam Column
_Secthn Reinforcement _Secthn Story
dimensions dimensions
50X40 12020 45X45 1-3
45X30 12020 40X40 4-7
@b VY ol slad s wblie (F) Jsd
Table 4. Sections of 12-story structure
Beam Column
Section . Section Story
dimensions Reinforcement dimensions
50X40 12020 55X55 1-4
50X40 12020 50X50 5-6
40X30 12020 50X50 7-8
40X30 20020 40X40 9-12
ab Yroosle sl sblas (0) Jsur
Table 5. Sections of 20-story structure
Beam Column
Section Reinforcement Section Story
dimensions dimensions
60X50 28025 65X65 1-5
55X45 20025 60X60 6-10
50X40 16020 55X55 11-15
40X30 12020 45X45 16-20
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Table 6. Properties of 7 earthquakes near faults

Scaling factor Focal P - %
Sost TDost T 5ot ] distance Magnitude | PGA Station Date Name
623 609|346 | 32 76 |0289 | Tcuors | 1999 | ChiChi
Tatwan
Cholame -
405 396 |2248 9.58 6.2 0.445 Shandon 1966 Parkfield
Array #5
6.1 |596(3389 | 265 71 0295 | IRIGM 487 | 1999 | Duzee.
Turkey
Joetsu Chuetsu-
3.55 |347 (1972 | 1194 6.8 0.507 | Kakizakiku | 2007 oki,
Kakizaki Japan
2z = % L'Aquila- L'Aquila,
5
528 |5.16 |2.932 538 6.3 0.341 Parking 2009 Ttaly
Livermore- N ———"
7 6.85 [3.891 114 54 0.257 | Fagundas 1980 02
Ranch
& = Kalamata Kalamata,
7 2 2 S
7.23 [7.15 |4.016 6.45 6. 0.24% (bsmi) 1986 Greece-01
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Table 2. Specifications of longitudinal rebar materials

(S400)&(S340)
; tity  Quantity
Quantity ~ Quan . e
(Concrete) (S400) (S340) Unit Spemflcatlons
2500 7850 7850 kgf/m®  Special weight
26500 200000 200000 Mpa  Modulusof
elasticity
0.15 0.3 0.3 --- Poisson's ratio
Thermal
————— 0.000012  0.000012 1/°C coefficient of
expansion
————— 400 340 MPa Yielding
strength
————— 600 500 MPa Ultimate
strength
Compressive
5 - MPa strength of
concrete

byf 'J':""Jsi u:”ﬁ 3 OR ok s ¥ J"‘ =
Fig. 2. Concrete Mander and steel stress-strain curve
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Identification
Property Name Viscouz
Direction u
— Damper - Exponential
NonLinear Yes

Properties Used For Linear Analysis Cases

Effective Stiffness .

Effective Damping nar

Properties Used For Nonlinear Analysis Cases

Stitfness. 102260

Damping Coefficient 71.127

Damping Exponent 0%

Cancel

Fig. 8. Specifications and location of viscous dampers
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Fig. 3. Seismic sequence of the ChiChi earthquake
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Fig. 4. The average response spectrum of earthquakes and the
standard design spectrum of the 7-story structure
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Fig. 5. The average response spectrum of earthquakes and the
standard design spectrum of the 12-story structure
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Fig. 6. The average response spectrum of earthquakes and the
standard design spectrum of the 20-story structure
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Fig. 17. Time history diagram of permanent roof displacement
under the Parkfield single earthquake
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Fig. 18. Time history diagram of permanent roof displacement
under the Parkfield sequence earthquake
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Fig. 13. Basic shear comparison chart
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Fig. 14. Time history diagram of base shear under the Parkfield
single earthquake
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Fig. 15. Time history diagram of base shear under the Parkfield
sequence earthquake
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Fig. 21. Process of forming plastic joints of a 20-story structure; a)
single earthquake, b) Consequence earthquake
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Fig. 19. Process of forming plastic joints of a 7-story structure; a)
single earthquake, b) Consequence earthquak
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Fig. 20. Process of forming plastic joints of a 12-story structure; a)
single earthquake, b) Consequence earthquake
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