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Abstract: Mosque structure are typical public building where Muslim follower doing their worship and social activities.
These structures are common in Indonesia where the dangerous earthquake usually happens. This paper is aimed to study of
passive control of a typical 2-storey Mosque structure using diagonal and toggle brace damper. At the first, we build a
simplified structure model of 2 degree of freedom (2DOF) for controlled and uncontrolled system. In this study, we create 5
cases where case 1 as uncontrolled system. Then we compared the dynamic responses of the structure cases subjected to 1940
El Centro earthquake record using time history analysis (THA). The effect of the geometric configuration of the damper
attached to the structure which influenced by the magnification factor will be studied.
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1. Introduction

Mosque is public place for Muslim follower doing their
religion activities. Moreover, this place has another function
as the center of social and cultural activities in abroad sense
[1]. The shape of the building is very familiar with rectangle
or square. In general, the roof use dome or plate structural
type. This typical structure is demanded to have large free
area in the center to accommodate the worshiper doing their
activities.

Indonesia is located in Pacific Ring of Fire where a
confluence of three-world tectonic plates (Indo-Australian
Plate, the Eurasian Plate, and Pacific Plate). This result in the
frequently happen of earthquake and about 80% of biggest
earthquake over the world happen in this Pacific Ring of Fire
[5].

The Mosques structures are very common public
building in Indonesia. During the earthquake, these structures
are very venerable and can lead to catastrophic failure in
Mosque structure such as shown in Figure 1 [12].
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Figure 1. The failure of Mosque structure [12].

The theory of vibration analysis of structure and
dynamic responses due to ecarthquake has been clearly
explained in the textbooks [13]. Some passive [3][11] and
active control system have been developed by researcher to
control the structure response due to earthquake. The
experimental study on the passive control have been carried
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out by some researchers [6][13]. On previous study [8], the
diagonal brace and toggle brace damper which attach to the
1-storey Mosque building have given a significant value of
reduction of structural response due to earthquake excitation.

This paper aimed to study the passive control of a typical
2-storey Mosque structure using diagonal and toggle brace
damper. Assumed, Steel pipe are used as a member of
bracing and linear viscous fluid damper are considered as a
damper device. In the first approach, we build a simplified
structure model of 2 degree of freedom (2DOF) for
controlled and uncontrolled system. Then we figure out the
most effective geometric design of the energy dissipation
system. Finally, we use time history analysis (THA) in order
to get dynamic response of structure due to earthquake
ground acceleration. The analysis was conducted using
Matlab software which commonly practised by some
researchers to perform analytical and numerical analysis
[9][10].

2. Toggle Brace Damper System

Constantinou et all [3] have described the general
configuration of toggle brace damper shown in figure 2. In
diagonal and chevron braced configurations, the damper
displacement is less (diagonal) or equal (chevron) than the
drift of the floor where the devices installed [3].

The following formula representing the configuration:
u, = fu 6]

F = fF, )

Where “D = relative displacement at the axis of
damper; the story drift; * 2 the damper force; the

horizontal force exerted by damper on the frame and f= is

magnification factor (€08 0 for diagonal and 1.0 for

chevron).
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Figure 2.(a) diagonal configuration; and (b) chevron configuration.

Assumed we utilized the linear viscous damper, then the

damper force expressed by:
F, = Cii, = Cfii 3)
Then Eq. 2 can be rewritten as

F=C,f% )

2.1.Geometric Parameter and Constraints of Toggle Brace
Damper System.

In diagonal brace damper, the magnification factor is
depended on the bracing slope. on the contrary, J. Hwang et
all [6] proposed the procedure for determining the geometric
of the toggle brace damper (TBD) (the upper and lower
configuration) based on three dimensionless geometric
parameter 6,,L, /D and H/D shown in Figure 3.
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Figure 3. (a) Lower TBD system; and (b) Upper TBD system.
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To acquire the optimum value of magnification factor,
we should refer to these constraints [6]. Regarding to the
constraint, the equation can be derived considering the two
braces (L1 and L2) not form a straight line or even snapping
through;

u/HS{L'/D+(MJ_\/(H/D)2+1:‘\/l+(D/H)2 5)
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Figure 3. (a) undeform shape; and (b) deform shape.

2.2.Magnification Factors of Toggle Brace Damper System

Assuming the small deformation in the frame and
ignore the axial flexibility of the brace, we can derived the
magnification factor of toggle brace damper based on the
relationship between the deformed and undeformed frame [6].
The following equations explain the relationship.
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7 = Up, _sin 0, s1n(t9l +93) ©)
u cos(6, +6,)
Upy, sin g, .
fo,=—"2%= cos(¢94 -0, )+ sin @, (7)

u  cos(6,+6,)

sin 6, cos(6, —6;)
cos(6, +6,)

F=F,sin0, = F,=f,F, (8)

F =F,sin@,+F,sin0,
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Msin02+sin94 F,=f,F, v

cos(6, +6,)
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Figure 5. (a) deformed frame; (b) lower toggle system; and (c) upper toggle

system.

2.3. Parametric study of Magnification Factors in Toggle
Brace Damper System

HID=1.1818,uH=0.0046154.
- .

Magnification Factors FL and FU

e e Eiveg

POUOOSC
P e ===t

Figure 6. the relationship of f- 01 Ist floor of 2-story Mosque Structure
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Figure 7. the relationship of  f- 6l 2nd floor of 2-story Mosque Structure.

The figure 6 and 7 shows that the upper toggle brace is the
best choice and the data shown in table 1.

Table 1. Summary of magnification Factor

Brace Configuration
Structure Diagonal Upper Toggle
0 01 H/D L1/D fu
1-Story 62.35 59 1.91 1.2 3.34
2-story
1st floor 49.76 46 1.18 0.8 5.04
2nd floor 62.35 57 1.91 1.2 2.15

3. The Mosque Structure Model

The Mosque structure has a rectangle plan shape with a
dome roof shown in figure 8.
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Figure 8. (a) top view; and (b) front view
The Equation for motion for 2DOF uncontrolled system of
a Mosque structure (case 1) can be expressed as

mg, 0 || % + Catey, —Co|u +
0 mg, |, —Cy ¢y |4,
ksl + ksl - ks2 ul msl 0 1 [ ]
=-— i
—k,, ke |\ u, 0 my, |1 ¢ (10)

MSI’CSIJKSl and MSZDCSZ’K

Where 52 denotes the

mass, damping and stiffness of first and second storey of the

Mosque structure, respectively. While u(?) and

g (1)

denotes the story drift and ground acceleration due to

earthquake excitation.
We assumed the mass of the structure as a lumped mass,
the total stiffness of the structure is estimated by the theory

of structure and the structure inherent a small damping ratio
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%o =0.01=1% with the total controlled system has a total

damping ratio Stor = 0.05=5%.
Using the Equation 4 we can form the damper force
equation of the diagonal braced damper attached in 1% and

2™ floor.
F=n,C,.cos 6’

(11)

Then the damper force of upper toggle brace damper
for 1%t and 2" floor can be expressed:

F=nC,.f, i (12)

n
Where € is simply total number of damper devices

each floor and for the 2-storey Mosque structure, the

Q1

C,
damping coefficient  © of 1st floor and 2nd floor are

and COZ, respectively.

Based on the equation 11 and 12, we can develop 4
cases for controlled system. For the case 2, we use both
diagonal configuration for 1% floor and 2" floor, then the
matrix of equation of motion will be,

my 0 1"l'l "

0 my, || i,
{cﬂ +e,, 1,0y cos” 0" +n.c,, cos’ 0" —(c,, +n.cy cos O )}F, } .
i

. 2 p2nd ., 2 p2nd
—(c,, +n,c4c08" 0 ¢, +n.cyc08° 6

kg tk, —kg |u My 0 1[]
—ky ko Jlu, S lo mo, |1 e

In the case 3, we use both upper toggle configuration
for 1%t and 2™ floor, the matrix of equation of motions
expresses as,

my 0 ”1 +
L0 my, i
M 2 2 2 .
categtncyfuitneyfy” —(c,+ncyfy ):||:u1 i| +

L (¢, + nccozfuz) Cat nacozfvz iy
_ksl thy —ky | _ Mg 0|1 [ ]
|~k ky, |lu, - 0 m,|1 e ( 14)

In the case 4, we utilize the diagonal bracing
configuration at 1% floor and upper toggle brace at 2" floor,
so the matrix of equation of motions become,

2

(13)

my, 0 u1 N
L0 my i,
o+ H1Cyy cos’ 0" + ”rcnzfuz —(c, + "cCozfu2 ):“:ul } +

2 2 .
L —(cu+n.cpntfy’) Cotn.coty U,

[k, +k,, —k\2:|{u‘ :| _ _|:mb‘_1 0 :||:1:|[u ] (15)
|~k ko |u, 0 my, |1} *

In the case 5, we use upper toggle brace at 1% floor and
diagonal brace configuration at 2" floor, so the matrix of
equation of motions will be,

[m, 0 T
LT

L 0 my, | i,
- 5 .
Cat e ey fy +n.cncos’ 07 —(c, +n.cy,co8t 0 )}|:u, :|+

2 n2nd 2 n2nd y
L —(c,, +n,.cpcos” 07) ¢,, +1.Cy, cOs” 6 u,

(kg +ky, =k [u, my 0|1 [ ]
=— i
L —k,, kg | u, 0 mg,|1 ¢

Where, C. is damping coefficient of each damper; e is

(16)

the total number of the damper member which is 2;

c0s & 4nq Ju denotes the magnification factor of diagonal

and upper toggle brace damper, respectively.

4. Free Vibration and Seismic Response
Analysis of Uncontrolled and
Controlled System

4.1. Free Vibration Analysis

In dynamic analysis, we can obtain the natural circular
frequency, natural period and natural frequency of the system
by using the Equation below:

[ H}+[1{}=0 (17)

- [ K3 ( )+[ {3} ( )=0 (19
Then, 1 = 54.8446 rad/sec,

=2 —_2 __—01145scond, (19

177 T sasaes second,  (19)

=1t —-_1 —g87336H 20

1= T o1 ™ Z (20)
And, 5 =19.6190 rad/sec,

=2 =2 _—03202sccond, (21

27, T 196100 second, 1))

=L =_1 =31230H 22

27, T o302 7 2 (22)

4.2. Seismic Response Analysis

The first-order state-space description of equation of
motions are employed to investigate the seismic response,

[ 3+ H03=10 103 J@d
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State space models are conventionally written as,
= + ()+ (24)

For 2DOF system, the equation becomes:

-[1= %

Where,

WLl Y e

A<l 2, L, JanaB<]_ 0]

Dynamic responses can be solved numerically using
Equation 13-16 and 18 with Wilson- method or
Newmark- #  method, and/or using Equation 25 and 4-th
order Runge-Kutta Method [6] , in this equation we employ
Equation 25.

5. Parameter of the Structure

The parameter of the structure are presented in the table
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Figure 9. Seismic responses of uncontrolled and controlled 2DOF model at
1st floor of typical Mosque structure under 1940 El Centro ground

acceleration.
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Figure 10. Seismic responses of uncontrolled and controlled 2DOF model at
2nd floor of typical Mosque structure under 1940 El Centro ground

acceleration

6.2. Maximum Response of 2DOF System

Response of the 2 Story Mosque structure under 1940
El Centro ground acceleration are explained from table 3 to
6.

Table 3. Maximal displacements response for uncontrolled and various
controlled cases of 2DOF model of typical Mosque structure under 1940 El

Centro ground acceleration

2’
Table 2. Uncontrolled Mosque Structure
Parameters 15t Floor 2" Floor
Mass (M ) 142255.40 (kg) 159962.63 (kg)
. 33.317*10"7 7.904*10"7

Stiffness (Kg)
(N/m) (N/m)
137890.18 71115.44

Damping Coefficient ( CS )
(N.s/m) (N.s/m)

6. Result and Discussion
6.1. Seismic Response Analysis

In seismic response analysis, we use the value of total
damping ratio ¢, = 5% for all controlled Mosque Structure.
We employ the 1940 El Centro earthquake ground motions
records for all cases. We Plot the maximum response of the
displacement, velocity and acceleration shown in Figure 9
and 10.

Displacement
U Case 1 Case 2 Case 3 Case 4 Case 5
max
1st Floor 0.0180 0.0177 0.0118 0.0134 0.0148
Reduction % -1.77% | -34.62% | -25.87% | -17.62%
2nd Floor 0.0757 0.0742 0.0475 0.0533 0.0635
Reduction % -2.04% | -37.27% | -29.56% | -16.20%
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Table 4. Maximal velocities response for uncontrolled and various
controlled cases of 2DOF model of typical Mosque structure under 1940 El

Centro ground acceleration

Velocity max Case 1 Case 2 Case 3 Case 4 Case 5

1st Floor 0.332 0.327 0.211 0.252 0.277
Reduction % -1.51% | -36.24% | -24.07% -16.58%

2nd Floor 1.403 1.373 0.856 0.971 1.161
Reduction % -2.11% | -38.98% | -30.78% -17.23%

Table 5. Maximal accelerations response for uncontrolled and various
controlled cases of 2DOF model of typical Mosque structure under 1940 El

Centro ground acceleration

Acceleration
12 Case 1 Case 2 Case 3 Case 4 Case 5
max
1st Floor 11.098 10.964 6.915 9.069 8.405
Reduction % -1.21% | -37.69% | -18.29% -24.26%
2nd Floor 29.463 28.879 19.568 20.898 24.782
Reduction % -1.98% | -33.58% | -29.07% -15.89%

Table 6. Maximal absolute Accelerations response for uncontrolled and
various controlled cases of 2DOF model of typical Mosque structure under

1940 El Centro ground acceleration

Acceleration
l.,{' Case 1 Case 2 Case 3 Case 4 Case 5
max
1st Floor 11.098 10.964 6.915 9.069 8.405
Reduction % -1.21% | -37.69% | -18.29% -24.26%
2nd Floor 29.463 28.879 19.568 20.898 24.782
Reduction % -1.98% | -33.58% | -29.07% -15.89%

The reduction rates are shown at figure 11 and 12.

Reduction Rate 1st Floor

ige of Redudtion (%)

Percents

Figure 11.Reduction rate of uncontrolled and controlled 2DOF model at 1st

floor of typical Mosque structure under 1940 El Centro ground acceleration.

Reduction Rate 2nd Floor

2nd floor of typical Mosque structure under 1940 El Centro ground

acceleration

It can be clearly seen that the structure which utilizing
the upper toggle brace damper for both 1% and 2™ floor gives
the best performance in reducing the dynamic response
(displacement, velocity and acceleration).

The magnification factor is the main factor which leads
to the reducing value of seismic response. The magnification
factor of upper toggle brace damper configuration has
amplified the damping force from the damping devices
(viscous fluid damper) and it has greater amplification value
then diagonal brace damper configuration.

7. Conclusion

A simplified structure model of 2 degree of freedom
(2DOF) for both controlled and uncontrolled system is
utilized, respectively on the comparative study of passive
vibration control of typical Mosque structure using diagonal
brace damper and toggle brace damper.

In seismic response analysis, by using the same
damping coefficient obtained from the total damping ratio of
G, = 5% for all controlled system, it shows that the case 3
gives the best value of reduction of structural response due to
earthquake excitation. So it can be concluded that the case
3 > case 4 > case 5 > case 2 > case 1 for the structure
response reduction.
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