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Fig. 2. The schematic view of the RC-MRFs; a) plan; b)
elevation
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Fig. 3. The schematic view of the dual system models; a) plan;
b) elevation
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Fig. 5. The 7-story frame's shear wall sross-sections; a) The
storie[ 11 to 3; b) The stories 4 to 7
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Dead load (kg f/m) 2500 1425
Live load (kg f/m) 1000 500
Internal walls load (kg f/m) 600 425
Roof dead load (kg f/m) 1500 1600
Roof live load (kg f/m) 750 375
Perimeter walls load (kg f/m) - 1200

Table. 1. The gravity loads values
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Fig. 4. The 3-story frame's shear wall cross-section (for all
Storie)
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dual system

Beam (mm)

Column (mm)

Beam (mm)

B400X400-5920

C450X450-12020

B400X400-5020

B500X500-5920

C500X500-16020

B450X450-4020

B450X450-5020

C450X450-12020

B400X400-4020

B550X550-6020

C550X550-16920

B500X500-6020

B500X500-6®20

C500X500-16920

B450X450-6020

RC-MRFs
Frames Level
Column (mm)
3-story 1to3 C450X450-12920
1to3 C500X500-16920
7-story
4to7 C450X450-16920
1to4 C550X550-16920
11-story 5t08 C500X500-12920
9to 11 C450X450-12920

B450X450-5020

C450X450-12920

B400X400-5020

Table. 2. The dimentions of the frames' cross-sections
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Modes First mode (sec) Second mode (sec)

RC- Hatzigeorgiou and Liolios [29] 0.64 0.204

MRF OpenSees 0.61 0.194

Difference 0.03 0.010

Liu et al. [30] 0.62 0.12

Shear OpenSees 0.58 0.10
wall

Difference 0.04 0.02

Table. 3. The comparison between the period of the reference and implemented models
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Fig. 8. The values of the Cq and C4/R obtained from the roof drift ratio for the 3, 7, and 11-story RC-MRFs

AP



Ve JL/f A)M/rj:‘,s:,mﬁa)‘gb

o5 Gha,ln shest el L;lﬁ% o byl sl glasds ¥ BERTS

Based on inter-story drift ratio

Based on roof drift ratio

Frames Max
Mean values per story Mean values
3-story 0.9756-0.8513-0.7636 0.8685 0.9756
7-story 0.7560-0.8711-0.9522-0.8928-0.7760-0.6840-0.6574 0.818 0.9522
0.5416-0.5973-0.6660 -0.6861-0.6365-0.5818
11-story 0.5869 0.6861
0.5453-0.5425-0.5544-0.5626-0.5217
Table. 4. Ca/R results for special RC-MRFs
ois anslin et S 51y Caay bg e uls 5l slasds 0 Jgaer
Based on inter-story drift ratio Based on roof drift ratio
Frames Max
Mean values per story Mean values
3-story 6.1468-4.9402-4.6185 5.0054 6.1468
7-story 4.4120-4.6928-4.9390-4.7440-4.6271-4.85505-5.4927 3.8461 5.4927
4.3912-4.4099-4.5498-4.4089-3.9969-3.8511
11-st . 442
o 3.8773-4.0641-5.0236-6.0042-6.4423 3089 6.4423
Table. 5. The results of the Cq for special RC-MRFs
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Fig. 9. The values of the Ca and Ca/R obtained from the inter-story drift ratio for the 3, 7, and 11-story RC-MRFs
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Fig. 10. The values of the Ca and Ca/R obtained from the roof drift ratio for the 3, 7, and 11-story dual systems
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Based on inter-story drift ratio Based on roof drift ratio

Frames Mean values per story Mean values Max
3-story 0.9906-0.9703-0.9670 0.9733 0.9906
1.6267-1.4778-1.3639
7-story 1.2961-1.2579-1.2392 1.3041 1.6267
1.2408
1.5458-1.3347-1.1949
11-story 11216-1.0799-1.0489 1.0575 1.5458

1.0234-1.0043-0.9893
0.9832-0.9849

Table. 6. Ca/R results for dual systems
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Frames

Based on inter-story drift ratio

Based on roof drift ratio

M
Mean values per story Mean values ax
3-story 8.9886-4.7611-4.4210 5.1434 8.9886
12.0855-10.0443-9.5150
7-story 9.1048-8.8313-8.7414 9.072 12.0855
8.4893
10.4885-8.3279-7.4584
6.8325-6.5024-6.2940
11-stor 6.3603 10.4885
Sy 6.2285-6.2008-6.2356
6.2464-6.1952
Table. 7. Cq results for dual systems
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Abestract

Response modification factors are used to reduce the lateral loads in "force-based design" method. Naturally
the calculated lateral displacement of the structures in the linear static analyses is smaller than actual values.
Hence, deflection amplification factor (Cq) is needed to consider a realistic estimation of nonlinear
displacements. Most seismic design codes such as ASCE7-16 and standard No. 2800 (4™ edition) propose
this factor for different lateral force-resisting systems. This paper evaluates the proposed deflection
amplification factor for special reinforced concrete moment-resisting frames with/without shear wall. For
this purpose, a set of 2D reinforced concrete frames with 3, 7 and 11 story are designed based on standard
No. 2800 (4™ edition) and implemented in Opensees software in each case without considering the soil-
structure interaction. In this regard, beams and columns are modeled using concentrated plasticity method
with “Elastic Beam Column Element” in the middle and “Zerolength Element” at the end of elements.
Moreover, “SFI-MVLEM?” element is used for modeling of shear walls. Nonlinear behavior in two ends of
the beams and columns is assigned by “Modified Ibarra-Medina-Krawinkler Deterioration Model with Peak-
Oriented Hysteretic Response” model which has been developed by Ibarra et al. (2005). This model is
defined using the proposed equations by Haselton et al. (2007). For the shear walls, uniaxial behavior of
steel reinforcements and concrete sections are simulated by Steel02 and ConcreteCM, respectively. Studied
frames are verified using Hatzigeorgiou and Liolios (2010) and Liu et al. (2020) study for special moment-
resisting frame with/without shear wall, respectively. In addition, linear static analysis, linear and nonlinear
dynamic analyses are applied to 3, 7 and 11 story frames with two lateral force-resisting systems. In this
regard, 22 far-field ground motion records which have been introduced in FEMA P695 are used as seismic
scenarios. These records are scaled based on Standard No. 2800 (4" version) to have identical spectral
acceleration with the design spectrum for the fundamental period (T) of each studied frames. For this
purpose, each record is normalized to its peak ground acceleration and records are scaled so that the average
acceleration spectrum of all records was above the design spectrum in 0.2T to 1.5T range. In order to
evaluate the deflection amplification factor and C/R, in addition to maximum roof drift ratio, inter-story
drift ratio is also used for each frames due to concentration of structural damage in certain floors of a multi-
story structures and, consequently, creating larger lateral displacements in those floors. The calculated Cq
coefficients are compared to the proposed values in ASCE7-16 and standard No. 2800 (4™ version) for all
special reinforced concrete moment-resisting frames with/without shear wall. This comparison shows that
the Cq4 coefficients which have been proposed in above-mentioned seismic design codes are not appropriate
and more realistic estimate of the structural performance in earthquake has demanded larger Cq4 values.
Moreover, Cq and C«/R values are changed with the height of special reinforce concrete frames with/without
shear wall.

Keywords: Deflection Amplification Factor, Special Moment-Resisting Frames, Special Shear Wall, Linear
Dynamic Analysis, Nonlinear Dynamic Analysis
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