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Fig 2. Viscous damper components [17]
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Fig 1. Force-deformation curve of elements [14]
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Fig 4. 3-stories bending frame model without damper
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20-stories 9-stories 3-stories Story
500x500x25 450x450x20 260x260x25 1-3
450x450x20 350x350x20 - 4-5
350x350x20 350x350x20 - 6-9

350x350x20 - - 10-15

260x260x20 - - 16-20

Table 1. Box column sections of 3, 9 and 20-stories models
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20-stories 9-stories 3-stories Story
IPE450 IPE400 IPE330 1-3
IPE450 IPE360 - 4-5
IPE400 IPE360 - 6-9
IPE400 - - 10-15
IPE400 - - 16-20

Table 2. Beam sections of 3, 9 and 20-stories models

ealaul 3,40 AY}J Slasedie Y JJ.\’;

2400 kg/cm? Yield stress
4000 kg/cm? Ultimate stress
2x10° kg/cm? Modulus of elasticity

0.3 Poisson ratio
7850 kg/m?® Mass per volume
Table 3. Specifications of the applied steel
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Fig 3. 3-stories bending frame with viscous damper
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[YV] 335 slas, 68, Clasin —F i

Earthquake Station PGA(g) PGV (mis) Mag
Coalinga (1983) P”;T;’r']rt‘g 0.608 0.61 65
Chalfant (1986) LADWP 0.547 0.432 5.8

Kobe (1995) Nishi Akashi 0.484 0.531 6.9
Landers (1992) Fire Station 0.529 0.549 7.3

Mammoth CA-High

Lakes (1980) School Gym 0.784 0.444 6.1
Manjil (1990) Abbar 0.283 0.443 74
Tabas (1978) Tabas 0.504 0.581 7.4

Table 4. Specifications of the earthquake records [21]

L&uu y‘ g.J}\.ZS AJ‘gb—o JJJ-?

20-stories 9-stories 3-stories Period

3.356 1.758 0.805 T (sec)

Table 5. Main period of the frames

Sl 2l 1Y mam g b ol e s pd (Al —F gl

Ai._.bf’g,;l.i,:.‘;ls @‘#./.0}

Story 3 Story 2 Story 1 Coefficient
0.00947 0.00678 0.00284 i
0.00269 0.00394 0.00284 @
8.96x10% 4.59x10% 8.04x10°% e
6750 6750 6750 Mi (kg)
0.604707 0.310012 0.05429 Mi.@i?
7.23x10% 155x10% 8.04x10 o
0.633956 0.633956 0.633956 (cos0)?
4.58x10% 9.85x10% 5.1x107 (c0s0;)%.¢;i
125987.3 C

Table 6. Calculation of damping coefficient with respect to
20% additional damping and 5% inherent damping in a 3-

stories frame
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Beam Column Story
IPE340 HE330M 1-2
IPE340 HE300M 3-5
IPE340 HE240M 6-8
IPE340 HE200M 9-13

Table 7. Sections used in the study of Ras and Boumechra [23]
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Fig 5. Chalfant earthquake record scaled to the maximum ground
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Fig 8. 13-stories steel model with viscous damper of Ras and
Boumechra study [23]
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Fig 9. Comparison of viscous damper hysteresis curve of this
model with Ras and Boumechra study
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Fig 6. Acceleration spectrum and average of seven accelerogram
scaled based on the standard 2800 spectrum
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Fig 7. Position of the plastic hinges at the ends of the beams
and columns

(e s -

et DB led e >l e S 5l Oliabl sl 4

asdllas 51 SAP2000 L1351 o5 53 558y s b o3V
b ool Ol L3 &S e eslinad [22] 1 pme g 5 ol
Voo aena¥l dode LoV mlas 5l adb Y it
xS e 5 S VRN m a1y 055 5 JSLIKS
o YOIAY IS gLl 5 e TYVEXTYAY sl & S5 L
s S Gl Obds cilie = VY 5 oeds Jke
G et el el a5l 5 M s 5Ky
Jebon S e b olae G350 S1e (sl s Bl
Sl s e oo gl A S s Bl e L120X13
Deled g 5o andllae ul gy 43S S )0 ol Ol


http://dx.doi.org/DOI: 10.22034/22.2.1
https://mcej.modares.ac.ir/article-16-63139-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-01 ]

[ DOI: DOI: 10.22034/22.2.1 ]

bl clib Glhe O s Jlages VY ISE s
05 a5 yshilea ol e esly OLLS ooV aib ¥ ias
S 3 ot Sl gl Sl (ol asiie s ges
Sl s s gesle 81 DEXEL 55y Sl 35
alS e sl VPV INDEX=0.25 5,5 S e 55
oV S s rmes 58 bl il O s o
wb Y OB Gl il ple 00 e (Sl O i s sed
Ol o Dlaged cpl 5l sl ol osls OLES 63V 55 s
e O pdd el Csly gl Rl (28 S ans
235 Sl Db 3 d O i p 2l 5 e Slib
53 5 e ole O DEX=1 558y Slow sy S
o ole V08 NDEX=0.25 3Ky Sl 3505 I
e oslle 2alS 5l ol IS gk 5 ol el G|
G s Sl ghls aib ¥ OB o 5 Gl sla0G

.J)‘J ;\J:.A QJJ\J uLTa

¥ B s 01K s () — 3l DISe i () Y IS5

“b
3 i
]
]
]
'l
2 [
,I
t ’
o U4
b Orginal
e = DEx=1
----- NDEx=0.25
0
0 5 10 15 20
Displacement (cm)
()
3 . -
\ N\
“ \
\\
2 \
\
z
2
0, Orginal
e = DEx=1
----- NDEx=0.25
0
0 2 4 6 8 10
Max Drift (cm)
(&)

Fig 11. (a) Absolute displacement - (b) Relative displacement of a
3-stories frame
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ABSTRACT

The displacement-based design method in structural design codes, in which displacement is
considered a criterion for evaluating the structure, has been accepted due to the dependence of
failure on displacement more than forces, overcoming the inherent shortcomings of force-based
design methods. On the other hand, different levels and states can be defined concerning structures'
performance. In the functional state of immediate occupancy, the relative lateral displacement due
to cracking or plastic behavior does not remain in the structure. The structural members' stiffness
and strength do not change fundamentally, and microscopic cracks are created in the structural
members and facade. In the second case, i.e., life safety, some stiffness, and strength will be lost in
all classes, relative deformation due to plastic behavior in the structure will be observed, and the
risk of loss of life will be slightly higher. At the performance level, the collapse threshold remains
in the members of structures of low stiffness and strength to withstand lateral loads, but the
columns and load-bearing walls maintain their function, the relative deformations are high, and the
structure is likely to collapse due to aftershocks. Due to decreased energy caused by earthquakes,
dampers with passive control systems are installed in certain parts of the structure and absorb a
relatively large part of the energy entering the structure under different mechanisms, and as a result,
the structure does not suffer severe damage. After the Northridge and Kobe earthquakes, extensive
laboratory studies were conducted to strengthen and increase the joints' ductility, and many
modified joints were proposed. Extensive applied structural studies have been conducted on
dampers' seismic behavior as one of the advanced tools of passive structural control systems due to
earthquake energy dissipation. This work compares the effects of linear and nonlinear viscous
dampers on the seismic behavior of 3, 9, and 20-stories steel moment frames, and the structural
seismic responses are discussed. In linear dampers, the axial force is obtained by multiplying the
damping coefficient ratio at the relative speed of the damper's two ends, and in the nonlinear state,
the relative speed of the damper is between 0.2 and 1, in which 0.25 is used in the current study.
The results showed that viscous dampers' implementation generally reduced the responses and
decreased the structural damage during the earthquake. Absolute displacement of structural models
in nonlinear dampers compared to linear ones has decreased with an increasing number of stories,
but for maximum relative displacement with the increasing number of stories, nonlinear dampers
had a more negligible effect. Due to the hysteresis extracted, nonlinear dampers in short and
intermediate structures have more energy loss, which is significantly reduced in high damping
structures. The plastic hinge distribution for these dampers has eliminated the failure LS at the life
safety performance level. The base shear of 3, 9, and 20 story frames with a nonlinear damper is
significantly reduced compared to a linear damper and shows the nonlinear damper's positive
effect, especially on high-rise structural frame models.

Keywords: steel moment frame, viscose damper, nonlinear time history analysis, plastic hinge, base
shear.
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