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Abstract
Explained ways to strengthen structures against lateral dynamic loads can be divided into two broad categories.
The first part is the structural systems for controlling seismic displacement and second part is the use of applying
systems of control forces. Response mechanism of structures using control systems are improved and greatly
reduce the risks of damage caused by earthquakes.
Today the use of these control systems in buildings have been increased and it’s important to reduce vibration of
structures is felt more than ever. As well as to improve the dynamic behavior of nearby buildings, control systems
can be installed between adjacent buildings as activated, semi-active and inactivated systems. The main purpose of
this study is the use of control systems in two similar adjacent buildings to reduce the entire system response which
will be the analytical study of the impact of viscous dampers to control system performance.
In order to analysis of modeling to improve the dynamic behavior of different adjacent buildings connected with
dampers, two models of the original sample will be examined in this article. All examples are different from each
other and to elicit response analysis and time history software SAP 2000was used. According to the results the
effect of fluid viscous dampers for tall buildings compared shorter building, is less. Also, these dampers for
adjacent buildings with different heights than buildings with same height are more effective.
Keywords: dynamic behavior, adjacent buildings, viscous dampers
1. Introduction
Many buildings that have not been able to withstand lateral loads and have been broken down and reversal
reflects the great importance of the protection of buildings against vibrations. In recent years a large number of
people in the world lost their lives in the earthquake and large financial losses have been imposed on as well.
The recent earthquakes in Iran, as well as in different parts of the world such as Bam 1382, Azerbaijan in 1391,
Turkey in 1999 and Taiwan in 1999 showed that the vibration of structures has been very severe and led to the
destruction of buildings. So it can be concluded, in structural design, buildings design to withstand dynamic
loads is very important to prevent the destruction of structures. Protection and maintenance of buildings with
residents and the equipment inside it is a global priority. Structural engineers aim is to develop safe structures to
resist against natural disasters.
Explained ways to strengthen structures against lateral dynamic loads can be divided into two broad categories.
The first part is the structural systems for controlling seismic displacement and second part is the use of applying
systems of control forces. Response mechanism of structures using control systems are improved and greatly
reduce the risks of damage caused by earthquakes.
Today the use of these control systems in buildings have been increased and it’s important to reduce vibration of
structures is felt more than ever. As well as to improve the dynamic behavior of nearby buildings, control systems
can be installed between adjacent buildings as activated, semi-active and inactivated systems. Different control
methods and systems for the control of adjacent structures against earthquakes have been done by scientists and
engineers or are being done. Hasner et al. (1997) in a study examined the benefits of structural control in reducing
unwanted vibration in buildings. They also proposed various control systems for this purpose.
Seto (1994) has introduced connecting the adjacent buildings as a practical way to protect and strengthen
structures against dynamic loads. He has introduced different strategies for inactivated control systems for tall and
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short buildings.
Gurly et al. (1994) and Sojinio et al (1999) also in some studies have addressed the adjacent high-rise buildings
with inactivated systems.
Luque and Debaros (1998) and Zhou et al. (1999) examined the connection of high-rise buildings structure to
average height ones. Ying et al (2003) studied a stochastic optimal control system for connected adjacent structures.
In their study, control systems and structures under stochastic seismic movements were modeled and with energy
control of structure, the seismic response of structure and control system dimensions were reduced. They also
conducted a numerical study to estimate the reduction capacity of seismic response in connected adjacent
buildings.
Ney et al. (2001) in a study examined the seismic response of two adjacent and connected buildings by hysterical
non-linear dampers under various seismic movements and stated that such dampers are fruitful, even if only on a
few floors to be installed. Parametric study and sensitivity analysis to find and insertion the optimal number was
done.
Hadi and Owz (2009) in a study examined the importance of using fluid viscous dampers to improve the seismic
behavior of adjacent structures. They found declines of the last floor displacement, acceleration and shear force
response of adjacent structures during seismic stimulation. In their study adjacent structures had been connected in
one direction by dampers. Major earthquakes such as Bam, Azerbaijan, Turkey earthquake and others have shown
that municipal buildings and buildings are not resistant enough to withstand during earthquake severe shocks.
Severe inelastic behavior caused by severe shaking is clearly visible. This inelastic behavior threatens the safety of
residents of buildings and facilities and will ultimately lead to the loss of life of many people.
In building constructions, the main purpose is the protection of structures against earthquakes. In recent years,
engineers in high-rise buildings have begun to use control systems, such as activated, semi-active and inactivated
to reduce seismic response. In buildings with a lot of height, the structures control with this method is difficult.
Additionally since high-rise buildings require so much energy, are relatively flexible.
Control of interconnected buildings first time was suggested based on the idea of exertion of force on each other.
This idea for the first time was proposed in the past three decades by Klein and Halle (1985). They first offered a
semi-activated system, which connect two adjacent buildings with the cables by the ability to loosen and tighten
(Klein and Halle, 1985).
Christensen and colleagues in 1999 stressed that the idea of adjacent structures connection has been converted
from theory into practice and in Japan and America has been considered by engineers (Krystnsvn et al., 1999).
2. Inactivated Control Systems
In these systems, vibration control agent is placed in the proper location of the structure and practically prior to the
stimulation of structures is inactive. Hasnr and colleagues noted in 1994 that inactivated control systems taking the
energy resulted from dynamic loading. All inactivated control devices have stiffness and damping to dissipate
energy and provide the shift limits of buildings to each other.
These systems are characterized by control forces and their fixed specifications. Another advantage of this system
is the ability to install again after the earthquake. Song and Dargosh (1997) in a study stated that inactivated control
systems, including metallic, fricative, viscoelastic and fluid viscous, massive and regulated fluid dampers. These
dampers are installed to strengthen the building against lateral loads (Song and Dargosh, 1997). One of important
devices of damper in inactivated control systems is seismic isolators. Varnoteh et al (2007) suggested that the
seismic isolator systems can’t be used to reduce the displacement of a structure or two adjacent or connected
buildings.
Seismic isolators are installed in the foundations of buildings to absorb or reflect some of the energy of earthquake
and prevent its transmission to structural elements (Varnoteh et al., 2007).
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Figure 1. Schematic vieew of the comppleted damperr (Taylor and C
Constantine, 19998)
Today the use of fluid viiscous damperrs in buildings adjacent havee been increaseed greatly (Varrnoteh et al., 2007).
Descriptioons of viscous dampers
d
of inaactivated contrrol systems will be provided in Section 2.33.
3. Fluid V
Viscous Dampeers
High resistance viscous fluids against the flow, is thhe basic functioon of viscous ddampers. Defoormation speed
d of a
fluid viscoous damper is proportional
p
too the applied foorces (Taylor aand Constantinne, 1998).
Fluid viscoous dampers act
a like shock aabsorbers of veehicles (Varnooteh et al., 2007). Figure 2-5 shows a samp
ple of
fluid viscoous damper. The
T dampers aare formed w
with a cylinderr containing a fluid, such aas oil. Inside these
cylinders a piston acts with
w a number of leaks that iss connected too the piston rodd. The damperrs operate by piston
p
moves inside the valves with viscous fluid damper. The shape annd size of the hholes inside thhe piston as we
ell as
the viscosiity of the fluidd used can affecct the amount of energy and sustainable ennergy.

Figure 2. An examplle of fluid viscoous damper (T
Taylor and Connstantine, 19988)
Stresses annd deformationns of building during applyiing dynamic looad by the dam
mpers are reduuced. Dampers with
applying oopposing forcees to structuraal elements neutralize the innflicted force oof them and ddepreciate it. If
I the
damper noot to be used, structural
s
elem
ments, especiallly columns higghly are placedd under stress aand their stresss will
be maximuum, as well ass the displacem
ment of them iin earthquake will be high ((Varnoteh et al., 2007). By using
u
the dampeer and during displacement and bending of columns m
maximum, the maximum dam
mper force wiill be
maximum (Varnoteh et al., 2007).Fluiid viscous dam
mpers due to ttheir very apprropriate function are preferred to
other techhniques. To coonnection thee dampers to the building, there are diffferent methodds. Fluid dam
mpers
connectingg in adjacent buildings
b
have changed in reccent years.
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4. Providiing Relationsh
hips and Equaations
Buildings A and B respeectively have n + m floor annd n floor (Figgure 3). Mass, damping, andd shear stiffnesss for
floor i cann be showed ass mi, 1, ci, 1 annd ki, 1 for buiilding A and mi, 2, ci, 2 and ki, 2 for buildiing B, respectiively.
Fluid dampper stiffness annd damping cooefficient on flloor i can be juust showed as kd, i and cd, i.

Fiigure 3. The sttructural modeel of connectedd buildings witth dampers
model for connnected buildingg has 2n + m ddegrees of freeedom. The equuation of motioon for the syste
em is
Dynamic m
as follows:
MY

C

C Y

K

K Y

MIY

(1)

In this equuation, M, C annd K, are masss matrix, dampping, and stiffnness of adjacennt buildings, respectively. Cd and
Kd are also matrices dam
mping and addditional stiffneess which beinng added by flluid viscous daamper adding. Y is
the displaccement vectorr to the earth,, including displacement off building A oon the first floor of m + n and
displacemeent of buildinng B on n last floor. Heree I is the idenntity matrix. Y is earthquaake acceleratio
on in
foundationns of the adjaceent connected buildings.
5. Studied
d Buildings Saamples
This studyy examines thhe displacemennt of adjacentt buildings froom an analyticcal perspectivve with taking into
account thhe effects of fluid viscous dampers. In current studyy, a linear moodel for the aadjacent struc
ctures
considerinng geometric liinearity and m
materials has been developedd. A limited thhree-dimensionnal elements model
m
has been ddefined and a linear time hiistory analysiss has been perrformed to invvestigate the seismic behavior of
structures under study. In
I this thesis, the software SAP 2000 hass been used foor linear time history analyssis of
structures. SAP 2000 software
s
for m
modeling the effects of fluuid viscous daampers can bbe used and linear
parameterss of fluid viscoous dampers aare used. In thee software, thee equations of motion using N
Newmark step
pwise
method annd assuming a linear
l
change of accelerationn in a small tim
meframe are soolved.
Recorded earthquakes with
w the same pperiod have beeen used to examine fluid viiscous dampers behavior. History
of 1940 E
El Centro, 19994 Norserych,, 1995 Koobeeh and 1989 L
Loma Prieta ffor dynamic aanalysis of stu
udied
samples inn this thesis will
w be used. M
Maximum grouund acceleratioon during EL C
Centro earthquuakes, Kobe, North
N
Rich and L
Loma Prieta are
a g0.3495, g00.8337, g0.84228 and is g0.447 respectivelyy (g acceleration due to grav
vity).
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These twoo earthquakes were
w
7.1 and 66.8 on the Richhter scale. Thee duration of thhese earthquakkes was 60 sec
conds
which werre recorded in the 3000 timee intervals of 00.02 second. W
Without changging the total ttime, time inte
ervals
can be chaanged to changge the dominaant frequency of ground mootion. For exam
mple, dominannt conditions in
n the
presence oof loose soil caan be revealed by increasing the time intervval, and strongg or rocky soill condition hap
ppens
by reducinng the time intterval (Δt). Hoowever, in thiss thesis, intervval = 0.02 Δt seconds has bbeen selected. Time
history ressponses includding horizontall displacementts, velocity, accceleration andd internal forcees of all nodess and
structural m
members in all degrees of freedom have beeen calculatedd.
To improvve the dynamic behavior off different adjaacent connecteed buildings w
with dampers, two models of
o the
original saample is exam
mined in this arrticle. All exam
mples are diffferent from eacch other. Exam
mple 1 will be
e two
5-storey bbuildings connnected togetheer with a dam
mper which haas been show
wn in Figure 44. Example 2 is a
10-storey building with fluid viscouss damper has bbeen connecteed to a 5-storeey building. T
The binding way is
shown in Fig. 4-B. In order
o
to furtheer review of tthe effectiveneess of fluid viscous damperrs, the examples of
referred addjacent buildinngs for two m
modes with diifferent stiffneess and the sam
me stiffness aare examined. Two
scenarios w
will be examinned, the first sscenario indicaating a mode iin which two aadjacent builddings have diffferent
stiffness annd in the secoond scenario coonnected buildding are positeed with the sam
me stiffness. T
The first scenarrio is
specified bby a and seconnd by b. For exxample, exam
mple 1a will be two adjacent 5-storey builddings with diffferent
stiffness annd example 1bb two will be a two adjacent 5-storey builddings with the ssame stiffness..

a
b
Figurre 4. The schem
matic view of adjacent builddings in four m
main examples
In this papper, two fluidd viscous dam
mpers that willl be shown w
with D1 and D
D2 initials willl be used. Xu
u and
colleaguess (1999) in a study determ
mined the amount of dampping coefficiennt for adjacennt buildings about
a
1 10 N s/m. In thhis paper, the damping coeefficient in tw
wo basic modeels, are considdered c
0.2
25
10 N
/ and c
0
0.85
10 N
/ , respecctively.
Table 1 shows the size of rows and collumns in the m
mentioned sampple buildings.
models
Table 1. Thhe dimensionss of the rows annd columns in adjacent builddings on both m
Row
dim
mensions
(mm)
5000X300
5000X300
5000X300
5000X300
6000X300
6000X300
6000X300
6000X300

Building B
row
row
w height (mm))
widdth (mm)
250
250
250
250
300
300
300
300

500
500
500
500
500
500
500
500

Row
dimensionss
(mm)
600X300
500X300
600X300
500X300
700X300
600X300
700X300
600X300

Building A
row
width (mm)

row heightt
(mm)

250
250
250
250
300
300
300
300

600
500
600
500
600
500
600
500

Example
number

1a
1b
2a
2b
3a
3b
4a
4b

Figure 5. show schemaatic plan of roows and colum
mns in the adj
djacent buildinngs and the innstallation plac
ce of
dampers foor both modelss
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Figure 55. Schematic diagram
d
of row
ws and columnns plan in the coonnected adjaccent buildings for both mode
els
ncy Results an
nd Time Dom
main
6. Frequen
6.1 The Reesults Frequency Division
In the firstt part of the annalysis of adjaacent buildingss response speectrum of builddings were useed for the analysis.
For this puurpose, EL Centro in 1940, N
Norserych 19994, Kobe 19955 and 1989 Loma Prieta eartthquakes have been
used. In thhis section dispplacement charrts - the frequeency and acceleration - frequuency is preseented. Two typ
pes of
damper (D
D1, D2) with different
d
dampping coefficiennts have been uused in this m
model. The specctral density of
o not
connected buildings, twoo natural frequuency of buildiing A can be ddefined in milestones for the related earthqu
uake.
For exampple, in Loma Prieta earthquakke in 1989 in tthe north - souuth, the natural frequency hass been defined 6.82
and 3.2 H
Hz. The third natural
n
frequeency also was defined highher than 30 Hzz for Buildingg A. Three na
atural
frequenciees of building B,
B were determ
mined 2.69, 6.67 and 30 Hz, respectively. It can be easiily seen in Figu
ure 6
that by inccreasing the naatural frequenccy of the builddings the maxiimum displaceement of not connected build
dings
decreases.

A
B
t
Figure 6.. A Spectral deensity of acceleeration of the ttop floor of two connected buuildings, for exxample, 1a in two
directions; B Spectral deensity of displaacement of thee top floor of tw
wo connected buildings, for example 1a in
n two
ddirections
250
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For exampple 1b, spectraal density of diisplacement off the top floor of Building A and Buildingg B without damper
due to havving the same height
h
and the same shear stiiffness (Figuree 7)

A
B
Figure 7.. A Spectral deensity of acceleeration of the ttop floor of tw
wo connected bbuildings, for example b1 in two
t
directions; B Spectral deensity of displaacement of thee top floor of tw
wo connected buildings, for example b1 in
n two
ddirections

A
B
Figure 8. A Time historyy of displacement of the top floor of adjaceent buildings, ffor example 1aa in the north-ssouth;
B Tim
me history of displacement
d
of the top floor of adjacent buuildings, for exxample 1a in thhe East – Westt
6.2 The Reesults of Time Domain
D
In the secoond part of coomputer analyysis in this papper, displacem
ment charts - time and acceleeration - extra
action
time from SAP 2000 sofftware is preseented. In this ssection displaccement charts - time and acceleration - tim
me for
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all examplles will be preesented individdually to revieew the effectivveness of the cconnecting dam
mpers. To exa
amine
the displaacements, connnected buildinngs in all exaamples by coonsidering earrth motion annd time historry of
acceleratioon of four earthhquakes will bbe examined. A
Also, to examiine shear forcee, buildings unnder ground motion
during eartthquakes and time
t
history off earthquake accceleration of mind will be cconsidered.

A
B
Figurre 9. A Shear foorce - time chaart in North - S
South and Eastt - West, for exxample 1a; B T
Time history off
displacem
ment of the top floor of adjaccent buildings iin two directioons for example 1b

A

B

mple 1b; B Tim
me history of ddisplacement of
o the
Figure 10. A Shear forcee - time chart oof adjacent buildings for exam
top floor of adjacent builddings in north-ssouth for exam
mple 2a
252
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A
B
Figure 111. A Time histoory of displacem
ment of the topp floor of adjaacent buildingss in East-West for example 2a; B
Shear force - time chart off adjacent builddings for exam
mple 2a

A
B
Figure 122. A Time histoory of displacem
ment of the topp floor of adjaacent buildingss in North-Soutth for example
e 2b;
BT
Time history of
o displacemennt of the top flooor of adjacentt buildings in E
East-West for eexample 2b
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Figure 13. Accceleration - tim
me chart of addjacent buildings in two direcctions, for exam
mple 2b
7. Conclussion
In this papper time changges of floor diisplacements aand responses of basic cuttinng in all floorss of two connected
buildings w
with fluid visccous damper, w
with optimal daamping coefficcient and stiffnness coefficiennt of damping were
studied. A
As clearly the im
mportant role of effectivenesss of the damppers in the eartthquake responnse controlling
g was
seen in tw
wo adjacent buuildings. Accorrding to the reesults the effects of fluid viiscous damperrs for tall build
dings
than shortter buildings iss less. Also thhese dampers for adjacent bbuildings with different heigghts than build
dings
with samee height are more
m
effective. At first charrts of frequenncy domain w
were presented based on spe
ectral
density off displacementt and acceleraation functionss. In example 2 it was cleaarly seen thatt using dampe
er for
shorter buuilding B has better
b
perform
mance than usiing it in tallerr building A. It was observved that connecting
dampers fo
for shorter builldings were moore useful thann high-rise buiildings. In moddel 2b it was oobserved that while
w
the buildinngs had differeent dynamic ccharacteristics, peak points oof charts slowlly were changging. Then the time
domain ussing time histoory charts andd base shear fforce and dispplacement for each of the foour examples were
presented. In example 1 it was observved fluctuationns of displaceements were reeduced signifiicantly in the north
n
and south.. In the East - West directioon of connecteed buildings annd not connected buildings showed a diffferent
extent in rreducing displaacement. The maximum redduction was obbserved in the displacement of the top flo
oor in
Example 2 at a rate of 500 percent.
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