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ABSTRACT: In engineering designs, structural analysis is generally performed assuming a rigid base.
While introducing the effect of structural substrate flexibility on the response and dynamic properties
of structures is important. Introducing different solutions to reduce the response of the structure against
dynamic forces is another important issue in engineering designs. In this paper, the passive Pall friction
damper system has been used for this purpose. In the researches that have been done so far, various
optimization methods have been used for the optimal design of friction dampers, but in most of these
methods, the effect of soil-structure interaction has not been considered for friction dampers, while
in earthquake soil-structure interactions are important. One of the main objectives of this study is to
investigate the effect of soil-structure interaction on the optimization of friction dampers. The actual
forces and displacements of a structure due to free-surface seismic movements can be determined by
considering the effects of soil-structure interaction. In this regard, in this paper, two-dimensional frames
of 4, 8, and 12 floors equipped with dampers were analyzed in nonlinear structural analysis software
under seven accelerometers using the nonlinear time history method once, considering the effect of Nonlinear Dynamic Analysis
soil-structure interaction and introducing 3 Different lateral loading patterns and again without this

effect. The results show that considering this issue in terms of cumulative triangular slip load pattern has

increased the loss of earthquake input energy. Also, depending on the type of load pattern, the applied

record and the height of the structure, a decrease has been observed, which is mentioned in the results
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section.

1- Introduction

Structures must be able to withstand variable loads
during their useful life. That is, in addition to conventional
lateral bearing systems such as shear walls, braces and
their combination, other methods have been proposed and
used in the past few decades [1]. Today, the loss of energy
applied to the structure due to earthquakes has led to the use
of active, semi-active and passive structural control devices
[2]. The most commonly used are passive dampers that have
different types such as metal dampers, friction dampers,
viscous dampers, etc. In this research, Pall friction dampers,
which are passive control devices, have been investigated.

The use of damper allows the structure to remain elastic
until a more severe earthquake occurs [3]. Vaseghi et al.
(2009) investigated the behavior of eccentric braced steel
frames equipped with friction dampers. According to the
results, the friction damper reduced the story drift, base shear
and axial force of the columns in both structures [4]. Miguel
et al. (2014) proposed robust design optimization of friction
dampers to control the structural response to earthquakes.
The results showed that the proposed method was able to
reduce the mean of maximum displacement by about 70%
and the variance of maximum displacement by about 99%
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with only three dampers [5]. Jarrahi et al. (2020) proposed
an optimal design for a rotational friction damper (RFD) to
control the seismic vibration of a single-story steel moment-
resisting frame (SMRF) [6].

As mentioned, in recent decades, different optimization
methods have been used for the optimal design of energy
dissipation devices, but in most of these methods, especially
for friction dampers, the effect of soil-structure interaction
has not been considered. In this paper, slip load patterns
were first defined using this method. Then the 4-, 8-, and
12-story frames were analyzed by nonlinear time history
analysis once in terms of soil-structure interaction and
again without it under 7 accelerometers in PERFORM-3D
software. The aim of this study was to determine the effect
of soil-structure interaction on determining the optimal slip
load of Pall friction dampers.

2- Methodology
2- 1- . Slip load patterns of friction damper

In 2002, Mualla introduced an index called the SPI index,
which is a combination of other performance indicators,
which ultimately determines the slip load that minimizes this
index as the optimal slip load. In Equation (1), the values of
Rd, Rf and Re are the ratio of maximum displacement of
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Fig. 1. Left load pattern: uniform - middle: cumulative
uniform - right: cumulative triangular
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Fig. 3. Roof lateral displacement rates of the 8- and 12- story structures

the roof, base shear and dissipated energy of the structure
with friction damper to the initial structure without damper,
respectively [7].

SPI :1/R5+Rf2+Re2

In this research, three load patterns have been used that
have been scaled in such a way that they create similar base
shear in the first mode response of the structure [§]. Figure
1 shows an example of load patterns for a 4-story structure.

For each structure, damper slip force was applied from
5 KN to 280 KN and in each case, nonlinear time history
analysis was performed and SPI index was obtained.

(1

2- 2- The effect of soil-structure interaction
In this paper, the Winkler method is used to model the soil-
structure interaction. In this model, (Figure 2), the structure
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is mounted on foundation rested on distributed dampers and
springs.

3- Results and Discussion

In this paper, in order to investigate the effect of soil-
structure interaction on the optimal slip load pattern of Pall
friction dampers, the parameters of lateral roof displacement,
the maximum drift of the structure and energy dissipation are
considered. For better comparison, these parameters have
been scaled to structures without dampers. Variables in this
study include seismic loading, damping slip load and soil-
structure interaction. A concise result for the 8- and 12-story
structures is shown in Figure 3.

4- Conclusions

By considering the parameters of lateral displacement
of the roof, the maximum drift of the structure and energy
dissipation, the effect of soil-structure interaction on
the optimal slip load pattern of the friction damper were
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investigated. The summary of the results is as follows:

. Regarding the ratio of roof displacement in a
structure equipped with dampers to structures without
dampers, the displacement ratio in all groups of structures
under load combination A has the lowest ratio.

. With increasing the number of stories, there is a
direct effect of soil and structure interaction on increasing the
displacement of the roof floor up to 27%.

. In the slip load pattern A with increasing the height
of the structure, a kind of stability and proximity of drift ratios
in all accelerometers is observed and the dispersion of drift
ratio is minimal, which indicates that the structure under this
slip load behaves almost identically in different earthquake
conditions and will be more predictable.

. Under the C-slip load pattern, 8- and 12-story
structures recorded the highest energy dissipation (lowest
energy ratio) at 38 and 51%, respectively, indicating that
under all records, these structures performed well with the
C-slip load pattern and it is the optimal state for slip force of
friction dampers.

. In the case of soil-structure interaction, energy
ratios are reduced and naturally, due to the flexibility of the
structure support in the soil-structure interaction state, some
of the input energy is lost due to soil-structure interaction
in addition to dampers and it helps the seismic capacity of
structures.
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Fig. 1. Elevation of 4-, 8-, and 12-story frames
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Table 3. The 8story structure sections
aub A ol
Box 180*180*10 IPE 220, IPE 200 1
Box 180*180*10 IPE 220, IPE 200 2
Box 180*180*10 IPE 220, IPE 200 3
Box 160*160*10 IPE 220, IPE 200 4
Box 160*160*10 IPE 220, IPE 200 5
Box 160*160*10 IPE 220, IPE 200 6

Box 140*140*10 IPE 220, IPE 200 7

Box 140*140*10 IPE 220, IPE 200 8
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Table 4. The 12-story structure sections
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O e b
Egi éﬁgiéﬁgiig IPE 220, IPE200 1
o el IPE220,IPE200 2
st IPE220,IPE200 3

Box 180*180*10
Box 160*160*10

IPE 220, IPE 200 4

Box 180*180*10
Box 160*160*10

IPE 220, IPE 200 5

Box 180*180*10
Box 160*160*10

IPE 220, IPE 200 6

Box 140*140*10
Box 160*160*10

IPE 220, IPE 200 7

Box 140*140*10
Box 160*160*10

IPE 220, IPE 200 8

Box 140*140*10
Box 160*160*10

IPE 220, IPE 200 9

Box 140*140*10
Box 120*120*7.1

IPE 220, IPE 200 10

Box 140*140*10
Box 120*120*7.1

IPE 220, IPE 200 11

Box 140*140*10
Box 120%120*7.1

IPE 220, IPE 200 12

Jb Sl e (253 5k slagsd -V ¥

b coles ) &S dged Byme |y il o (0,Shee sl jasls plo

(v) O ke OB L Olpe @ bl aneS ) pals l & (o35

@bl Cond 5 F 4R GRER  alis (F) 1 (V) Ly )3 05500
ol &y (SWlaol Slyee b ojls 00 Al (531 9 4l oy eply Sl
Pl Sl el 1l Gogy nl 53 Callis il STee (9 4l

I8 assio Sloj dosu )l (sla il Cod pupw g 3505 (55w Jde o5l

(¥) [30] 3905 Lguypt |y 03l (slageusly 5 ol

1  Mualla

YaA



Ave A Ave B Ave 4c
, . . | -
I I
I I
A B+B 4C+3C
- - | e
I I
I I
A B+E+Bn-1|. 4EI +3C+2C -
I I
! A B+B+B+B 4C-|r-EC+EC+C
Y ! L ] -
B=2/5A C=2/15A
| [ |

ST S 1]y Choww — o8 CA ISy thwg —CA ISy i Cuow 4L (6951 USS

Fig.2. Left load pattern: uniform; middle: cumulative uniform; right: cumulative triangular

(kN) AB,C syl a8 5 .0 Joo

Table 5. A, B, C load patterns (kN)
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Fig. 3. Considered model for soil and structure system
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Table 6. Accelerograms used in structural analysis

; 51 ol alold
43; Juo il M - e
(s &9 max(g) (km) g
1 Duzce, Turkey 1999 Bolu 7.1 Strike-slip 0.82 41.3
2 Imperial Valley 1979 Delta 6.5 Strike-slip 0.35 33.7
3 Kobe, Japan 1995 Shin-Osaka 6.9 Strike-slip 0.24 46
4 Landers 1992 Yermo Fire 73 Strike-slip 0.24 86
Station
5 Loma Prieta 1989 Gilroy Array #3 6.9 Strike-slip 0.24 314
¢  Superstition 1987 El Centro Imp. ¢ Strike-slip 0.36 35.8
Hills Co.
7 S“pgisl?stlon 1987 Poc Road (temp) 6.5 Strike-slip 0.45 11.2
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Table 7. Scale factors of the used accelerograms

) o ol ooldio cu po

aub ab A ab 1Y
1 Duzce, Turkey Bolu 0.3176 0.191 0.267
2 Imperial Valley Delta 0.8177 0.449 0.583
3 Kobe, Japan Shin-Osaka 0.9054 0.503 0.428
4 Landers Yermo Fire Station 1.0155 0.531 0.363
5 Loma Prieta Gilroy Array #3 0.5649 0.559 0.526
6 S“pflrfﬁ‘s“on El Centro Imp. Co.  0.8413  0.647  0.391
7 S“pflrisﬁ‘s“on Poc Road (temp) 05116  0.641  0.582
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Fig.4. a) Inelastic Bar element b) Fluid Damper element c¢) Linear Elastic Bar element
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Fig. 5. Roof lateral displacement ratios of the 4-, 8-, and 12-story structures
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Fig.6. Maximum drift ratio of the 4-, 8-, and 12-story structures
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Fig. 7. Energy dissipation rate in the 4-, 8-, and 12-story structures
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