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ABSTRACT: In this study, the seismic performance of steel special moment-resisting frames was
analyzed under far-field records with and without viscous dampers using FEMA P-695. 4, 8, and 12-story
frames were loaded, analyzed, and designed with and without viscous dampers based on ASCE 7-10
and AISC360. Furthermore, characteristics of viscous dampers are considered for the specific damping
ratio of 15% (4,8-story), and 20% (12-story). The frames with and without dampers were modeled
in OpenSees by lumped plasticity with Bilin Material. These frames were analyzed and calculated by
Incremental Dynamic Analysis (IDA) under 44 far-field records with “Hunt & Fill” algorithm. The
seismic performance of studied frames is presented as the collapse probability based on seismic fragility
and collapse safety margin. The results demonstrate that the collapse capacity of 4, 8, and 12- story
moment-resisting frames with viscous dampers have improved by 28%, 88%, and 74%, corresponding
to the median collapse capacity. Moreover, the design of buildings with 75% of design base shear using
viscous dampers has a significant effect on the optimal weight of building and construction costs and
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improvement of seismic performance and technical criteria.

1- Introduction

In recent years, experimental and analytical studies have
been conducted to use viscous dampers in structures. In 2015,
Silwal et al. suggested a viscous dampers system to improve
the seismic behavior of steel structures. It also demonstrated
its efficiency by the experimental and analytical study on a
6-story steel special moment-resisting frame [1]. Lin et al.
presented a method with nonlinear viscous dampers for mod-
al response analysis of asymmetric-plan buildings in 2015
[2]. Studying the seismic performance of the special truss
moment frame with the viscous damper in 2016, Kim et al.
indicated that the proper performance is achieved. The effect
of dampers has been significant in the final damage state [3].
Bannazadeh et al. in 2017 showed that the structures with
linear damper possess proper seismic performance compared
to those with nonlinear dampers. [4]. In 2019, Karavasilis
and Kariniotakis studied the effect of using linear viscous
dampers in peripheral moment-resisting frames for 5, 10, and
20-story buildings. The obtained results have shown the lim-
its for inter-story drifts, according to Eurocode-8. [5].

2- Characteristics of Models

In this study, 4, 8, and 12-story steel frames have been
3D modeled (Figure 1) and then have been loaded, analyzed,
and designed by ASCE 7-2010 [6] and AISC 360-2010 [7].
The P-delta effects and the strong column and weak beam
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principle have been considered in the design of frames. The
plan of the studied buildings is regular and symmetric, and
the dampers were located in the middle spans. Furthermore,
the height of the ground floor and other stories are 3.2 and
2.8 meters, respectively, while the span length of frames is 6
meters. Residential occupancy has been considered for build-
ings, and site specifications were extracted from the USGS
website introduced by ASCE 7-10 and were from Los An-
geles, USA.

3- Fragility Curves

The use of dampers in a 4-story building has caused the
median value of collapse acceleration to increase from 2.20 to
2.83. In other words, the collapse capacity of the structure has
been improved up %28 by applying the dampers (Figure 2a).
The value of has increased from 1.60 to 3.05 considering
the mentioned effect for the 8-story building, which indicates
an %388 improvement in the collapse capacity of the structure
(Figure 2b). On the other hand, regarding the fragility curve
of a 12-story building, the value of has increased from 1.05
to 1.83 due to the use of dampers, implying a %74 increase in
collapse capacity of the structure (Figure 2c).

4- Results

* The collapse capacity has increased mainly in the frames
equipped with viscous dampers based on FEMA P695
procedure. The use of dampers in mid-rise buildings
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Fig. 1. Plan of the studied buildings and the procedure for considering the A-p effect.
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Fig. 2. Comparison of the fragility curves for the buildings studied with and
without the viscous damper.
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has been significant effects on the increase of collapse
capacity.

e CP, IO, and GI seismic performances of studied frames
in this research are acceptable under far-field records.
Moreover, they have satisfied the criteria of design codes
for loading and evaluation.

» The slope of the fragility curve has significantly decreased
in frames with viscous dampers due to the ductility of
structures during the collapse process.

» Ithasbeen found the median value of the collapse capacity
of structures decreases as their height and the first-period
increase, which is due to the altitude and, subsequently,
the P-Delta effect.
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Table 1. Expected damping ratio, damping coefficient and damping constant for 4, 8 and 12-story structures

Structure B Eetr C(ton.s/m) =1
4 Story 1.5 15% 543
8Story 1.5 15% 887
12 Story 1.7 20% 1410
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Table 2. Site specifications

Site Class D-Stiff Soil
Risk Category I—17—17
Seismic Design Category E
Ss 2432 ¢ S1 0.853 g
Sms 2.432 g SM1 1.279 g
Sps 1.622 g SD1 0.853 ¢
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Fig. 1. Plan of steel structures and position of perimeter moment frames
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Table 3. Fundamental period, member sizing and the cross-section of the structures without dampers
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Fig. 3. Material nonlinear behavior in plastic hinge location
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Table 4. Fundamental period, member sizing and the cross-section of the structures with dampers
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Fig. 9. Specifications of the model used for validation
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Table 5. Maximum obtained force from three loading conditions; maximum displacement, maximum
velocity, and maximum acceleration of 4-story structure

StOl‘y Fmax Disp(kg) F Mmax Velossity(kg) Fwmax Accel(kg) Fdamper(kg)
4 20336 150635.9 47791.7 150636
3 15470 165007.5 39493.2 165008
2 22349 105154.0 27674.3 105154
1 18037 72477.6 15356.0 72478
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Table 6. Maximum obtained force from three loading conditions; maximum displacement, maximum
velocity, and maximum acceleration of 8-story structure

StOl‘y Fnmax Disp(kg) F Max Velossity(kg) Fnmax Accel(kg) Fdamper(kg)
8 42300.8 132217.6 36430.6 132218
7 30158.8 129072.7 28850.3 129073
6 29891.9 63417.4 26251.3 63417
5 27099.5 101886.5 23181.5 101887
4 25284.3 72449.3 20173.3 72449
3 25418.8 44688.0 18527.1 44688
2 16643.3 27612.5 11944.6 27613
1 8504.1 26060.2 6052.1 26060
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Table 7. Maximum obtained force from three loading conditions; maximum displacement, maximum
velocity, and maximum acceleration of 12-story structure

StOl‘y FMax Disp(kg) F Max Velossity(kg) FMax Accel(kg) Fdamper(kg)
12 63621.7 58006.8 45801.9 63622
11 39000.8 105005.7 29946.6 105006
10 25188.8 61949.8 20874.0 61950
9 26617.0 52826.4 20917.2 52826
8 31838.9 27052.5 23672.8 31839
7 37494.9 51645.6 27218.4 51646
6 39615.7 43552.0 28232.0 43552
5 38780.4 30396.4 27262.5 38780
4 38452.9 34800.8 26716.9 38453
3 30901.1 45076.9 21332.7 45077
2 19094.0 19426.6 13130.1 19427
1 7320.4 13754.4 5039.8 13754
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Table 8. Median collapse spectral acceleration in the fundamental period of the structure that
corresponds to the 50% probability of collapse with and without dampers under far-field records
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Table 9. Evaluation of the structures with and without dampers, according to FEMA P695
characteristics under far-field records
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Without

1. .6 22 1.63 1.35
FVDs 9 9

4-story With
i

Linear 16 148 293 197 15
FVDs

1.41 1.90 1.9

1.41 2.09 1.9

Passed 100

Passed 110

Without
2. 15.1 1.60 1.20 1.34
FVDs !

8-story With
1

Linear 1.8 324 3.05 1.60 1.9
FVDs

1.46 1.95 1.9

1.46 2.78 1.9

Passed 103

Passed 147

Without
2.1 88 1.05 0.8 1.2
FVDs !

1.61 1.93 1.9

Passed 102

12-story
With
Linear 1.7 195 183 125 145
FVDs

1.61 2.35 1.9

Passed 124

il oas Jol> (V) abasly 51 VY] 5,8 5 olSnslyslg

Ind ~In(d
P[EDPZd\IM]=1_¢(M) ()

EDP|IM

5L bgie Jolasd, oo yles s Bpnad alad ) ol o

avg|IM
&5 @b 0 g o5le Lo e, o laib] Gl sl Bopins «©3be
S rdcamw] WFEMAP? oy Gl .l o lasbs] Jl
D098 Sld yell 90 s (SASS Smie) i) 9,8

23,5 g0 25 Brop sl SBliil g (S ) ailee

Ln(S) = LnSer), (o)

Pcollap.ve (ST > SCT > BTOT) = d(
er

Toba 5l SB3518) B jep ek QLA S (V0) aal) o

S lsiie ACMR gapie 3 030 T2l (2305 9,8 0390508 Copd
@l ool adlllae 3550 ol 1 Jas gl slre iy 9,8 eogaome
el oal L1 A Jaa o liedl cu po a1 ol
Aol o Jess b5 siabs bt St Lasls e «olad ol

ool Al 1) Jlade o yieS 4l ¥ OB jo g Jlade o in adbs

g LB eyl (Yol & 5e5 1Y

oS Sl el @58 (o) b GVt o5 &5

el o3l (sbpianw (s i Canglie b5, o i i,
Nt gLolE yal )y et sl @55 @b nl ) e cnl o
2250 el Jlaz>l b)) jsbiie 4 .ol sais oolizw! (EDP)
Shoas s Yl mses sle el ol @iy 5l oas

ool Cows 4y ool oo B Jloy guie5 Uil wlel 5 3

1  Engineerng Demand Parameter

Yoo¥



Collapse 4 Story Fragility Curve Far-Fault

0.9
0.8
0.7
0.6
0.5

—_—
- -

-
-
-

P
”

0.4 /
0.3
0.2
0.1

P (Collapse|Sa <=x)

7
/
/
/
/
/

FSCT=2'20" SCT:283

3 4 5 6

IM=S,(T,.5%)/g

— — - Without Damper

—— With Damper-Alpha=1

S0 98 9 ST we b cllo g8 40 aiib F loss b (CP) Saiislls ol (Somio dunglio NF S

Fig. 14. Fragility curves in collapse performance (CP) for 4-story structures (a) without dampers, (b) with dampers
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Fig. 15. Fragility curves in collapse performance (CP) for 8-story structures (a) without dampers, (b) with dampers
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