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Abstract: Due to the vicinity of the location of wave propagation source, near-fault ground motions reported
in the main recent earthquakes has a Velocity Pulse with a long time period with enduring transformation of
earth. When the earthquake starts, this Velocity Pulse create high input energy in structures in a short time. The
pulses heavily influenced by the direction of fault, direction of the slip on the fault and the location of report
station to the fault, which are called the directivity effect, are caused by extension of rupture towards the
registration place. In lots of recent studies, the effects of near-fault ground motion on a several civil engineering
structures have been studied. Through these studies, the importance of near-fault ground motion effects on
structural response can be clearly and significantly observed. Today, it has been very common to use energy
dissipation system in order to reduce the structural seismic vibrations. One of the energy dissipation systems
is friction damper which is among the passive control systems and are activated in which force reaches a certain
predetermined level (optimal slip load). In this study, to investigate the effect of Pall friction damper on the
seismic vibrations response, some structural models have been modeled as two-dimensional with special steel
moment-resisting frame through OpenSees software and nonlinear time history analysis has been studied for
slip design load under acceleration of the horizontal record of the earthquake occurred and the amount of
reduction of shift response, acceleration and base shear.
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INTRODUCTION structures. In near-fault area, fault perpendicular

Earthquake is one of the most familiar natural structural response and the effect of this component
disasters which annually cause a great deal of human and prevails over the fault-parallel horizontal component and
financial loss and this has made so many researchers the component perpendicular to the ground [3]. The
study on this phenomenon [1]. Studies on severe severe earthquakes occurred throughout the world,
earthquakes in recent years have shown that near-fault especially after the earthquakes of Lomaprieta and
earthquakes have so particular properties that make near- Northridge1994, led to the development of passive energy
fault earthquakes different from far-fault earthquake. dissipation systems so that by focus of input energy and
During the research conducted in this area, it was shown transformations of plastic in energy dissipation systems
that near-fault records have less effective time than far during earthquake, would avoid the destruction and
fault records and near-fault velocity records include one damage to the gravity resistance system [4]. Recent
or more beating pulses with large amplitude and long time studies indicates that of seismic vibration control is
period, there are caused by the directivity effects [2]. possible in several ways in which choosing friction
These pulses are made through slip and lead to the dampers is due to their constructional mechanism
sudden entrance of a large seismic energy into the simplicity, lack of need to the expensive special  materials

horizontal component has the greatest influence on the



183 366sv 

World Appl. Sci. J., 20 (2): 264-270, 2012

265

Fig. 1: Details of Pall friction 

Fig. 2: Force-displacement of Pall friction damper 

and ultimately the production and testing of these
devices, so that the mentioned advantages have caused
that the study of friction dampers performance to be
considered a good option for research and control
methods study. In this study, the effect of Pall friction
dampers on the seismic vibrations response of the steel
moment-resisting frame structures will be reviewed in
near-fault earthquakes.

Pall Friction Damper: Design of these dampers have
been  first   proposed   by   the   Canadian   researchers,
Pall and Marsh (1982) [1].This system basically consists
of a series of steel plates which can be connected
together by highly resistant steel bolts and are allowed to
slip under a predetermined load. When an earthquake
occurs, friction dampers slip for a predetermined load
before the frame is damaged or collapses. This will allow
the major part of the seismic energy to be depreciated via
friction. Actually, buildings remain in the elastic range and
are able to bear the disastrous seismic forces [5]. Figure
(1) shows the details of the damper and figure (2) shows
force- Pall friction mechanism shift curve whose
rectangular form indicates high energy absorption by the
system.

Analytical  Model  of  Pall Friction  Damper:  To  model
this  friction  device,  Pall  and  Marsh  proposed to
consider  a  virtual  stress  corresponding  to  the  stress
in  a  tensile  brace  when  the  friction  pads  start  to  slip.

Moreover, allocating the virtual stress of a small flow to
the compressive behavior of the brace materials, they
provided the possibility of buckling. But since the model
presented by Pall and Marsh was totally based on the
ideal behavior and thus estimated the value of the
depreciated energy at the friction device higher the actual
value, the more accurate model was proposed by Cherry
and Filiatrault in which interfaces and Pall friction damper
pads were considered separately [6]. Since it was time-
consuming to analyze the model of Cherry and Filiatrault
due to the increase of degrees of freedom, these two
models were compared through a study and ultimately it
was determined that using modeling results is not very
different from the approach of Pall and Marsh.
Consequently, it was proposed to use the approach of
Pall and Marsh, because it was fast and simple. 

In this study, three 6, 9, 15-floor two dimensional
models with 4-m span length and a height of 3 m, with 5
openings were examined in two modes of special moment-
resisting system without damper and special moment-
resisting system equipped with adjunct friction damper.
Floor dead load is considered 2700 kg/m and the floors
and roof live load are considered respectively 900 kg/m
and 450 kg/m. The selected ground is type C with shear
wave velocity of ( ) and a standard design
spectrum with specifications of s =0.6g, s =1.5g where Ss1 1

and S1are respectively, acceleration response spectrum at
a short period and acceleration response spectrum at 1
sec period at the damping ratio of 5% and the valid
seismology maps created based on seismic risk in
different regions by the USGS in America has been used.
The importance coefficient of structure is 1 and behavior
coefficient of the structure is 8, all gravity loading and
seismic specifications based on the ASCE 7-05 code.
OpenSees software has been used to design the steel
sections of the Etabs software and perform nonlinear time
history analyses under acceleration of horizontal records.
Structural members are modeled through Beam Column
Element Force which is a fiber-based model with extended
plasticity model. In this software, steel01Elasto-plastic
behavior with a hardening of 3% has been used for steel.
The damper elements are in form of truss element and
behavior of these elements has been introduced in form of
complete Elasto-plastic of elasticpp. Newmark method
with =0.25, =0.5 has been used to analyze the system.
An example of analytical frame of a nine-story structure
with and without adjunct friction damper is shown
according to the figures (3) and (4) and the sections used
in the structural models are mentioned in table1.
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Fig. 3: 9-story frame with friction damper are used  to  analyze  nonlinear  time  history.

Fig. 4: 9-story frames without friction damper period of the structure) less than the spectrum of the

Table 1: the sections used in the structural models

No. Beam column Pall friction mechanism brace

6 IPE300 IPB240 2UNP120
9 IPE300 IPB240- IPB300 2UNP120
15 IPE300-IPE330 IPB400 2UNP120

Fig. 5: Acceleration spectrum of selected earthquake
records

Acceleration of   the   Records   Used   in  Nonlinear
Time  History  Analysis:  In  this  study, eight
accelerations   of   the   earthquake   horizontal  records

Specifications   of   the   selected   natural   records
include  the   recorded   earthquakes   in  soil  type  C  in
the   USGCcategory     according    to    the    table   (2).
The acceleration spectrum of the selected records for
damping ratio of 5% is shown in the figure (5) for eight
record accelerations.

The conducted studies have shown that the
performance  of  friction  dampers is more tangible in
severe earthquakes. For this reason, in this study, all
selected records have become tantamount to a value
greater than 1g. To analyze nonlinear time history based
on the code ASCE 7-05 in two dimensional frames, the
selected records should be scaled in a way that the
average acceleration response spectrum of the selected
records could not be investigated with damping ratio of
5% in the time interval of 0.2T-T (T is the major time

standard design of the district and also for the
earthquakes with an occurrence probability of 2% in 50
years (MCE), the average acceleration response spectrum
of the selected records should be investigated for 1.5
times as much as the spectrum of the standard design of
the district.

Table 2: Characteristic of Earthquake Records Used in This Study
NO Earthquake Station Magnitude Closest to fault rupture(km) PGA(g)
1 CapeMendocino(1989) Petrolia M =7.1 9.5 0.662s

2 Chi-Chi (1999) Taiwan M =7.6 7.3 0.653s

3 Duzce, Turkey (1999) Duzce M =7.3 8.2 0.535s

4 Imperial Valley (1979) El Centro Array #8 M =6.9 3.8 0.454s

5 Kocaeli Turkey (1999) Yarimca M =7.8 2.6 0.349s

6 Loma Prieta (1989) Gilroy Array #2 M =7.1 12.7 0.322s

7 Northridge (1980) Newhall - Fire Sta M =6.7 7.1 0.59s

8 Tabas (1978) Tabas M =7.4 3.0 0.852s
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Fig. 6: Comparison between chart of scaled response
spectrum and chart of 1.5 times of the standard Fig. 7: Determination of slip design load under the
design spectrum earthquake Imperial Valley, 6-story structure

Table 3: period of structural models

Model T(sec) 0.2T 1.5T

6story 1.35 0.27 2.02

9story 1.96 0.392 2.94

15story 2.51 0.5 3.76

20story 2.74 0.55 4.11

Figure 6 shows the comparison between the graph of
the average acceleration response spectrum of the
selected records and the spectrum of the standard design
of the studied district, scale coefficient was calculated
0.771 for the three structures; therefore, maximum
acceleration in the selected records is 0.771g. Table (3)
shows the time period of the studied structures at the
mentioned interval. It should be mentioned that if seven
or more acceleration records is used to analyze the
nonlinear time history, all structural responses will be as
the average values ??of the responses to seven
earthquake records [7].

Determination of Slip Load Design of Friction Damper
(P ) Using Nonlinear Time History Analysis: The mostg

important step in the design of friction dampers is to
determine the optimal slip load or slid design load.
Accordingly, different methods have been presented by
various researchers to design friction systems. These
methods are in actually used to determine slid design
load. Since the structural seismic responses are affected
by the amount of the input energy and depreciated
energy, once the difference between both energies is at its
minimum level, appropriate seismic response will be
achieved [8]. According to the conducted researches, one
of the methods to determine slid design load is to use
non-linear time history analyses and compare the
obtained responses. For this purpose, in an area of
threshold slip loads, nonlinear time history analysis will
be  performed  and   a  load  which  is  corresponding  with

Fig. 8: Determination of slip design load under the
earthquake Imperial Valley, 9-story structure

Fig. 9: Determination of slip design load under the
earthquake Imperial Valley, 15-story structure

the least responses, will be selected as the optimal slip
load. The corresponding responses are minimal. There are
several criteria for comparing the responses. In this paper,
after determination of the appropriate section for Pall
friction mechanism brace, the nonlinear time history was
analyzed using OpenSees software for eight acceleration
records, so that in the structural model, the maximum roof
shift has been regarded as the criterion to determine slid
design load and after determination of the slip design load
for each earthquake record, the average slip load of eight
records has been selected as the optimal slip load. The
figures (7), (8), (9) show the chart of the results of the time
history  analysis  to  determine  the  slip  design  load  of
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Table 4: The mean of slip design load of the studied structural models
Model Slip Load(Pg)
6story 55(ton)
9story 60(ton)
15story 65(ton)

Table 5: Comparison between the maximum response to the roof floor shift for the studied models with and without friction damper (cm)
6story 9story 15story
-------------------------------------------------- ----------------------------------------------------- ---------------------------------------------
Without With Without With Without With

earthquake friction damper friction damper friction damper friction damper friction damper friction damper
CapeMendocino(1989) 40.72 17.92 51.51 33.54 77.84 45.18
Chi-Chi (1999) 24.94 17.09 28.64 16.92 36.49 28.69
Duzce, Turkey (1999) 36.76 19.56 37.58 23.05 89.46 32.83
Imperial Valley (1979) 20.98 9.22 33.43 12.95 73.59 18.73
Kocaeli Turkey (1999) 58.73 18.08 63.58 36.41 129.8 65
Loma Prieta (1989) 46.91 22.94 38.24 42.29 40.61 38.47
Northridge (1980) 44.47 34.25 58.82 29.91 77.02 51.91
Tabas (1978) 27.19 11.5 49.42 17.72 75.14 32.65

Table 6: Comparison between the maximum roof floor acceleration response for the studied models with and without the adjunct friction damper (cm/s2)
6story 9story 15story
-------------------------------------------------- ----------------------------------------------------- ---------------------------------------------
Without With Without With Without With

earthquake friction damper friction damper friction damper friction damper friction damper friction damper
CapeMendocino(1989) 1366 1179 1133 1430 1149 1611
Chi-Chi (1999) 1192 1415 1416 1224 1056 1028
Duzce, Turkey (1999) 1031 1409 1009 1128 1041 1052
Imperial Valley (1979) 1107 1145 936 1340 1203 1044
Kocaeli Turkey (1999) 915.5 1051 884 734 950 841
Loma Prieta (1989) 1141 1164 1198 1208 1132 1027
Northridge (1980) 1742 1498 1303 1202 1039 1663
Tabas (1978) 1754 1712 1279 1519 1222 1433

Table 7: Comparison between base shear for the studied models with and without the adjunct friction damper (cm/s )2

6story 9story 15story
-------------------------------------------------- ----------------------------------------------------- ---------------------------------------------
Without With Without With Without With

earthquake friction damper friction damper friction damper friction damper friction damper friction damper
CapeMendocino(1989) 58.27 39.78 85.71 63.33 163.03 137.19
Chi-Chi (1999) 51.78 45.32 70.48 51.36 139.79 106.72
Duzce, Turkey (1999) 60.67 44.63 80.22 60.96 179.92 125.73
Imperial Valley (1979) 51.84 32.42 65.90 47.35 182.46 107.8
Kocaeli Turkey (1999) 66.12 41.91 94.66 69.75 203.45 157.62
Loma Prieta (1989) 60.97 45.23 75.86 75.01 144.89 129.85
Northridge (1980) 64.42 52.16 88.71 66.91 181.36 146.03
Tabas (1978) 51.30 39.64 78.26 58.09 184.94 131.13

Table 8: Average responses to the studied models with and without the adjunct friction damper
Displacement(cm) Acceleration (cm/s ) Base Shear(ton)2

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Model Without friction damper With friction damper Without friction damper With friction damper Without friction damper With friction damper
6story 37.59 18.82 1281 1322 58.17 42.64
9story 45.15 26.60 1144.77 1223.14 79.97 61.59
15story 74.99 39.18 1099.04 1212.36 172.48 130.26
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Table 9: Percentage of the changes in the average responses to the studied models with and without the adjunct friction damper

Model Displacement Acceleration Base Shear

6story -50 +3.2 -26.7

9story -41 +6.4 -23

15story -48 +9.3 -25

Fig. 10: Hysteresis curve friction damper element in the third floor of a 9-story frame for a 60-ton slip load under the
Imperial Valley record

the  earthquake Imperial Valley in three 6, 9 and 15-story CONCLUSION
models. As it can be seen, optimal slip load in 6, 9 and 15-
story structures under the mentioned record are The fact that friction dampers can be the most
respectively 55, 65, 75 tons. The results of the average appropriate  means   of reducing   the  structural seismic
eight records for the three studied models are shown in vibrations  response  in  near-fault  areas  as one of the
the table (4). passive energy depreciators is clearly observed in the

Nonlinear   Time  History   Analysis   and   the   Results structures which are mentioned as follows: 
of the Effect  of  Pall Friction Damper on Seismic
Vibrations  Response  under  the  Near-fault Increase  of      the      number      of      floors    with
Earthquakes:  In  this   study,   nonlinear   time  history the  same  section  for  Pall  friction  damper
has  been analyzed  under   the   selected   earthquakes mechanism brace leads to the increase of the slip
for  the  determined  slip  design  load  in  the  studied  6, design load.
9 and  15-story  structures  according  to    the    table 4 Rectangular hysteresis curve of friction damper
and  the  maximum  response   to    the    roof    floor   shift, element shows high percentage of energy
the  maximum  response  to  the  roof  floor acceleration absorption.
and their base shear have been compared in the two Adjunction of friction dampers increases the roof
modes of with and without adjunct friction damper the acceleration of the 6, 9, 15-story structures
results of which will be further provided in tables (5) to respectively to 3.2%, 6.4% and 9.3% and averagely to
(9). In figure (10) hysteresis curve of adjunct friction 6.3%.
damper element is shown in the third floor of a 9-story Adjunction of friction dampers in the studied
frame for a 60-ton slip load under the Imperial Valley structures in its related slip design load decreases the
record whose rectangular form indicates high energy maximum roof floor shift in the 6, 9, 15-story
absorption and input energy loss caused by the studied structures respectively to 50%, 41% and 48% and
earthquake. averagely to 46%. 

results of nonlinear time history analysis of the studied
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Through adjunction of friction damper in the studied 4. Ramirez,  O.M.,  M.C.  Costantinou,  C.A.  Kircher,
structures in its related slip design load, base shear A.S. Whittaner, M.W. Johnson and D. Gomez, 2000.
in the 6, 9, 15-story structures decreases respectively Development and Evaluation of simplified
to 26.7%, 23% and 25% and averagely to 25%. The procedures for analysis and Design of  buildings
results indicate that the maximum base shear for the with passive Energy Dissipations System, Technical
structural model obtained from adjunction of damper Report NCEER-00-001, State University of New York
decreases averagely to 25% which is in accordance at Buffalo, N.Y.
with the criteria on the code ASCE7-05 (Minimum 5. Cherry, S. and A. Filiatrault, 1993. Seismic Response
seismic base shear used to design seismic resistant Control   of   Buildings  Using  Friction  Dampers,
systems should not be less than ). EERI, Earthquake Spectra, 9(3): 447-466.

REFERENCES Performance Evaluation of Friction Damped Braced

1. Nateghelahi, F. and M. Kamrava, 1999. the use of Earthquake Spectra, 9(3): 57-78.
energy depreciators in Seismic Retrofitting of steel 7. ASCE7-05, 2005. American Society of  Civil
structure, International Institute of Seismology and Engineers,  Minimum  Design Loads for Buildings
Earthquake Engineering. and other Structures. 

2. Bruce, A. and Bolt, 2004. Seismic input motions for 8. Pall,   A.S.,    2005.    Energy    Dissipation    Devices
nonlinear structural analysis, Journal of Earthquake for    Aseismic    Design    of    Buildings,   ATC-17,
Technology, pp: 448. pp: 241-250.

3. Bozorgnia, Yousef, 2004. Earthquake Engineering:
From Engineering Seismology to Performance-Based
Engineering, Published by CRC Press LLC.

6. Filiatrault,     A.     and    S.   Cherry,   1993.

Frames Under Simulated Earthquake Loads, EERI,


