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Abstract—A bracing system is a component within a structure that counters horizontal forces such as wind, seismic activity, and other
loads that may lead to the building swaying or falling. A properly designed bracing system can enhance a building's capacity to endure
these forces and reduce harm to both the structure and those inside. The outcome of this research is to investigate the dynamic
performance on the structural damage of high-rise building with various brace types. The methodology in this research is combined
between experimental and numerical modeling of structures. The materials data of concrete and steel as the braces materials is defined
from experimental results. The structures analysis is modeled using SAP2000 software, based on the existing materials data from
experimental tests. The outputs reviewed are stiffness, vibration period of structure, displacement, drift, stiffness and ductility. The
structural damage potential is connected to dynamic response of the building with braces as well. The dynamic parameters of natural
frequency, and vibration period for the V brace shape, inverted-V brace shaped (A), and X shape (in two floors) are 0.806 Hz; 1.24 s,
0.893 Hz; 1.12 s, and 0.862 Hz; 1.16 s. The ductility of structures with V brace, inverted V brace and X brace (in two floors) are 2.58,
2.95, and 2.85. The result showed that inverted V-shaped bracing has the best dynamic performance than others shapes. Based on
modeling results, the building is safe condition under the actual spectra-response that is vibrated the building model.
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steel frames to seismic forces with various bracing systems
I. INTRODUCTION [19], [20], [21] using numerical analysis by [22], [23], [24],

Earthquakes occur due to the phenomenon of vibrations [25], [26].

with a shock to the earth's crust which can cause damage to B races have V.ar@ous shapes and 1ocgtions; their use is
buildings [1], [21, [3], [4], [5], [6], [7], [8]. Solutions to adjusted to the existing planning and the impact of the braces
el 0 e D regarding the actions of the structure due to the loads acting

on tall buildings. Several past studies have combined the
behavior of the bracings and dampers to decrease the
earthquake effects, [27].

Lateral loads vibrations (earthquake, wind) cause the
structural damages in buildings. That vibration induces the
foundation oscillation as well. A building has the inertia to

overcome this lateral load are inserting of diagonal structural
elements such braces, shear walls, or by changing the
relationship between structural elements [9], [10]. Some
investigations have been studied in Indonesia regarding the
earthquake effects [11], [12] to find the solution for damage
rehabilitation; [13], [14]. Diagonal stiffeners (braces) are an
alternative stiffener for building structures that function to . i e
increase building rigidity, withstand lateral loads, increase remain the stable condition. Indonesia is surrounded by

ductility, strength and is able to reduce energy caused by yolcar}oes. S0 it is Vulnergble to earthquakes ha;ard. The
vibrations [15], [16], [17], [18]. Usually, tall buildings react investigation of the dynamic response of the building to the
’ ; ’ ’ structural damage potential is very important. The several

code standards of the structure are considered in the structure
design in the seismic area [28],[29],[30]. Some investigations
have been studied in Indonesia regarding the earthquake
effects; [31], [32]. Bracing shapes include V, inverted V (A)
or even two floors) against earthquake loads applied to the

to seismic movement in a distinct way compared to buildings
with fewer floors. The level of inertia forces generated during
an earthquake is influenced by the building mass, the ground
acceleration, foundation type, and structural dynamic
characteristics. Many researchers also studied the reaction of
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Faculty of Sports Science Building, State University of
Malang. To enhance the rigidity of the braces, the braces are
added in number and placed on the outside of the building.
This is because the further the reinforcement is located from
the building's point of balance, the greater the stiffness. In this
research, researchers want to know changes in structural
performance, stiffness, vibration period, natural frequency,
lateral displacement, and drift that occur in reinforced
concrete braces which have the same shape but differ in their
placement. Researchers want to know whether these braces
can be used as an alternative for reinforcement in tall
buildings.

This research examined the performance of the structure
using braces V, inverted V (A) and X (on two floors) against
earthquake loads applied to e construction of the Faculty of
Sport Sciences, Malang's State University. To increase the
stiffness of the braces so that they are equivalent to the
stiffness of the braces is added and placed on the outer part of
the building. Researchers want to know the comparison of the
performance of the structure is stiffness, period of vibration,
natural frequency, lateral displacement, and drift caused by
the use of reinforced concrete braces and whether the braces
can be used as an alternative reinforcement in tall buildings.

II. MATERIALS AND METHOD

In this paper, the investigation looks into specific eight-
story rectangular office buildings with a plan layout and size
78.00 m x 28.00 m. The story heights are: 3.50 m for
basement; 5.50 m for first floor; 4.00 m for fourth, fifth, and
sixth floors; 5.00 m for seventh floor. Fig. 2.1 displays the site
layout of the existing building of Sport Centre Faculty, State
University of Malang, Indonesia.
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Fig. 1 Site plan of building

A. Materials

Input data materials on modeling structures are taken from
laboratory testing results. Several mechanical characteristics
of materials used in this paper are determined from the
laboratory test, described in Table 1.

TABLEI
MECHANICAL CHARACTERISTICS OF THE MATERIALS
Properties Concrete Steel
Compressive strength, () 30 MPa -
Yield Strength, (f,) - 250 MPa
Ultimate Strength, (f,) - 410 MPa
Elasticity modulus, (E) 25742.96 MPa 21000000 MPa
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B. Structure Analysis

The structural analysis method using design analysis of
existing buildings. Designing columns and beams to fit the
current dimensions. Then determining the dimensions of the
earthquake reinforcement by using reinforced concrete braces
(40 cm x 75 cm). Calculation of structural loading, for
example dead, live, rain, wind and earthquake loads. Then the
structural modeling is carried out to clarify the research
carried out using bracing structures on 8 story building of
Faculty of Sport Science Building, State University of Malang,
Indonesia. Then comparing the results of the analysis that has
been conducted using SAP 2000 v.20. The results of the
analysis used are structural stiffness, period of structural
vibration, natural frequency of the building, lateral
displacement and deviation between story (drift). The
procedures of structures analysis is defined in Fig. 2.

Input Modeling Structure
(columns, beams, plates, foundations, materials properties)
Strengthening Structure Design |<7

v
[ | |

Inverted V
brace (A )

X brace
(in 2 floors)

I | |
i

| Loads Structure |
]
| Structure modeling using SAP 2000 v.20 I

i

Modeling Outputs
(stiffness, vibration period, natural frequency, lateral displacement, drift)

V brace

Monitoring of
Modeling Outputs
and Damage Analysis

| Results and Discussions |

¥

| Conclusions I

Fig. 2 Research flow diagram of research

1) Loading on Tall Buildings:

When planning a tall building, a consultant design must pay
attention to the loads that will occur on the building. To
determine the load used, it can be estimated using established
regulations. The loads that occur can come from loads from
the building (vertical loads) and loads that do not originate
from the building (horizontal loads). The design of the
structure should ensure that its strength either matches or
surpasses the impact of loaded combinations [31], [32]:



1,2D.+1,6. (LrorR) + (Lor 0,5W) (1-a)
1,2D.+1,0W.+ 0,5 (Lr or R) (1-b)
1,2D.+10E.+L (1-c)
09D.+1,0W. (1-d)
09D.+1,0E. (1-e)

where:
D-dead load, L- live load, L.-temporary load, R-rainwater
load, W-wind load, and, E-earthquake load.

The building's dimensions and weight influence the size of
the vertical load. Vertical loads consist of the dead load and
the live load. Horizontal loads are loading that act horizontally
on the building. This load has a significant influence on the
collapse of the building. In the design of tall buildings,
attention must be paid to the load design for horizontal loads
such as earthquakes and wind loads.

Earthquake load is caused by earthquakes or movement in
tectonic plates. Like wind loads, the building's location and
height affect earthquake forces on tall buildings. If the
building is large, the deviation that occurs when exposed to
earthquake loads will also be more significant. A building
designer must consider the earthquake as the earthquake
resistance of construction. Even though the building will
collapse, there is still time for building users to save
themselves. Calculating earthquake loading based on
Indonesia's Building and Non-Building Structures Earthquake
Resistance Design Code [28]. A wind load is a horizontal load
caused by wind pressure. The amount of gust is caused by
wind speed, air density, location, surface behavior of the
structure, geometric shape, and construction dimensions.

2) Drift Story:

Drift is a deviation measured from floor x to floor x-1. The
difference between design levels (A) must be determined by
subtracting the deviation at the mass center higher up the
designated level from the deviation below it. When design
allowable stresses are employed, (4) should be determined
using the designated design seismic forces without any
reduction for design permissible stresses. The allowable

deviation between levels should not exceed the drift value (4,).

Drift can be formulated as:

Ax = (bex — dex—1)Cd/le 2)
where:

A,- displacement deviation between floors, 4..-displacement
at a location on floor X, Jx.; -displacement at the location on
floor x-1, Cy-amplification factor of displacement, and 7.-
earthquake priority factor.

3) Stiffness:

The static stiffness of a structure (K) is related to the
application of load to the structure, while he stiffness of a
point (k) is influenced by the location and orientation of the
load on the structure, causing the stiffness value to change
with different positions and directions. The connection
between the load, stiffness, and displacement of a structure is
demonstrated in the following equation:

[K1{U} = {P} A3)
where[K]-stiffness matrix by considering the influence of
boundary conditions, U}-displacement vector, and {P}- load
vector.
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Stiffness is also one of the dynamic characteristics of
structures besides mass. Self-characteristics refer to the
special connection between a structure's mass and stiffness
when experiencing dynamic loads. The unique relationship
determines the angular frequency and vibration period of the
construction. Each mass (m), damping (c), stiffness (k), and
external force (P) are considered to be concentrated on a
single fission element and are expressed:

mt, + ¢, + ki = Pi(¢) “4)
where:

m -total mass, u” -acceleration of movement, u-speed of
movement, u -displacement of movement, & —stiffness, and P

-load.

4)  Ductility

Ductility refers to a structure's capability to experience
significant deformations at high amplitudes within the
inelastic range without losing considerable strength. Ductile
constructions can typically absorb substantial energy during
deformation. The ductility factor of 1R is the proportion of the
biggest displacement to the yield displacement (dax/dy) or
ultimate drift to the yield drift (6a/6,). This shows that a R
value close to 1 results in an elastic response, while a R value
far from 1 results in an inelastic response.

emax

R — 6max —
Oy

Sy

©)

C. Dynamic Response Earthquake Load Analysis

Analyzing the structural dynamic on a building in Malang
city by utilizing seismic data record from the Ministry of
Public Works and Human Settlements website in Indonesia in
2021, including various values of S; = 0.621 g dan S;. = 0.390
g. The building is in Malang City, East Java and is on medium
soil.

1) Equivalent static analysis:

According to procedures for earthquake resistance of
structures, both building and non-building, the nominal static
equivalent base shear load occurs at the base level. At the
same time, the horizontal force, F, resulting from
earthquakes at each story of building is:

E =C,V (6)
chk
Cor = Ty F (7)

where:

C\-factor for vertical distribution, V-the base combined
horizontal forces, w; -building weight at level /, w,-building
weight at level x, %; - the measurement of the distance from
the base to level i, A, -distance from the base to level x, k-the
exponent associated in T.

2) Spectrum Response Analysis:

The spectrum response graphically displays the correlation
of the vibration period (7) and the maximum responses
considering the damping ratio and specific earthquakes, as
shown in Fig. 3.
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Fig. 3 Design of earthquake response spectrum

1. For periods smaller than 7), the design acceleration
response spectrum, S, should be taken from the equation);

Sa = Sps (0.4 + 0.6TT—0) (8)

2. For a period greater than or equal to a 7y and less than or
equal to a Ty, the design acceleration response spectra, the
Su, 1s the same as the Sps;

3. For periods greater than a 7 but less than or equal to a 77,
then a design acceleration spectral response, the S,, is
taken based on the formula:

s
Sa = % )

4. For a period greater than a 77, the formula for calculating

the design acceleration spectral response, the S, is utilized:
5, = 2ol (10)

Where are Sps-design acceleration of spectrum response at
the short periods, Sp;-design acceleration of spectrum
response at first period, and T-period of the fundamental
vibrations of a structure.

Vibration Periods

The time of completing one full vibration cycle, denoted as
T, is taken in the first mode (fundamental period) which has
an inverse relationship with the natural frequency. It is a
natural property of structures that depend on mass and
stiffness to vibrate freely without any external forces.

A fundamental period of the building, 7, in the considered
direction must be obtained using the characteristics of
structure and deformation on the supporting elements in the
tested calculations. The 7 cannot exceed the result of
multiplying the factor for the upper limit on the calculated
period (C,) from Table 17 of SNI 1726-2019. The building
approach period, 7, represents the a fundamental-period of
approach in seconds, according to SNI 1726 of [28] as an
equation:

T, = Cehi (11)
where /,-calculated from a base foundation to a top-level of
the structure, C; -showed from Table 18 SNI 1726-2019, and,
x - determined from Table 18 SNI 1726, 2019
The maximum fundamental period (7,max) in seconds,
formulated by the equation:

Tomax = CuTy
where C, is the seismic response coefficient.

Vibration period analysis determine two periods 7, from
manual analysis, and 7. The fundamental period (T) value

(12)
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should be used for structural analysis after comparing the
following:

T. > T,C, is used T=Ta.Cu (13)
T.<T,<T,C, isused T=Tc
T.<T, isused T=Ta

If the period exceeds the maximum period (7 ), then the
period used is the maximum period (7). Instead, the basic
period of approach (Ta) can be determined quickly using the
given equation for buildings with up to 12 stories and a
seismic resistance system of either the moment-resisting
frames with the average stories height at minimum of 3 m:

Ta =0.1N (14)
where N is the number of story.

Natural Frequency

A vibration due to the dynamic load of the structure occurs
in each mode with a certain frequency and vibration mode
shape. The correlation of a natural period and a natural
frequency of the structural system in the vibration modes are,
[33]:

1 k

_277.'

fo= (15)

1
T m
where:

Jn- natural frequency, 7-vibration period, k- stiftness, and, m-

the building mass.

III. RESULTS AND DISCUSSION

By modeling the building according to the site plan (Fig.
3.1) and sections with variations of bracing shapes of the V
shape, inverted V (A) and X (in two floors). The Fig. 3.1-Fig.
3.3) describe the configuration and the shape of bracing on
building models. SAP 2000 v.20 is used to model and analyze
the dynamic response with combination loads. The input data
materials in structure models existing are determined from
test laboratory as shown in Table 1.

Fig. 4 The V braced building
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Fig. 6 The X brace (in two floor) building

A. Structure Performance

The model for calculations was created using SAP 2000
software. A linear elastic of the modal response-spectra
analysis was investigated to assess the impacts of seismic
activity. Some output analysis of structure stiffness, vibration
period, natural frequency and drift of building were obtained.

1) Structure Stiffness:

Structural stiffness is the capability of a structure for
deformation resistance. A structure needs to have enough
rigidity in order to limit its movement. The rigidity of a
building is influenced by both the stiffness of the material and
the size of structural elements. The geometric configuration,
structural member type, connection details, and construction
materials all significantly impact structural dynamics. If a
building has irregular characteristics, such as a non-uniform
floor plan or vertical interruptions, the seismic criteria used
for buildings with regular features may not be suitable.
Therefore, it is recommended to avoid building structures
with irregular features. For example, taking down the exterior
walls on the first floor of a building will result in an open
ground floor, the remaining columns on the ground level that
can withstand lateral forces.

The application of load to a structure determines its static
stiffness, while the position and direction of the load affect the
stiffness at a point. Therefore, the stiffness value changes at
various positions and orientations. At the same time, when
subject to repeated dynamic loads at specific speeds and
accelerations, the structure's material atoms and the structure
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itself undergo back-and-forth vibrations at a defined
frequency known as the natural frequency. The displacement
of atoms in materials and structures caused by dynamic loads
is a repetitive oscillation, rather than a single sudden
movement. Rigidity is another dynamic feature of buildings,
along with mass. The self-characteristic is the special
connection between a structure's mass and stiffness caused by
dynamic loads. This special connection dictates the structure's
angular frequency and vibration period. Comparison of
structural stiffness using various braces on this research can
be seen in Table 2 and Fig. 7.

TABLEII
BRACED-STRUCTURE STIFFNESS

No Brace Type Stiffness (N/mm)
1 V Brace 4.01509E+12
2 Inverted V Brace (A) 4.92865E+12
3 X Brace (on two floors) 4.5924E+12
6E+12 -
/g SE+12 /\
% 4E+12 -
:,:, 3E+12
= 2E+12
n
1E+12
0
V Brace A Brace X Brace on 2
floor

Fig. 7 The stiffness of the high-rise braced-buildings

Fig. 7 shows that the V bracing has the highest performance
on the structure stiffness. Types of V braces, inverted V
braces (A), and X braces have stiffness of 4.01509E+12
N/mm, 4.92865E+12 N/mm, and 4.5924E+12 N/mm,
respectively. The stiffness of inverted V bracing has a higher
performance of 18.53% compared to V bracing and 8.82%
compared to X bracing.

2) Displacement:

During an earthquake, building structure behavior is related
to vibrations. An increase leads to an increase in the force that
can lead to buckling or crushing of columns and walls as the
mass exerts downward pressure on a member that has been
bent or displaced from its vertical position by lateral forces
(P-0 effect). When flexible structures are subjected to lateral
forces, the resulting horizontal displacements lead to
additional overturning moments because the gravity load is
also displaced. Furthermore, along with the overturning
moments generated by lateral force V, the secondary force
must be countered as well. This increase in time will result in
more sideways growth. Change in position will continue to
rise, causing transformation to increase. In highly adaptable
forms, instability may lead to collapse, might happen. When
evaluating seismic design forces, it is crucial to acknowledge
the significance of the load-displacement impacts tend to have
a greater impact on structures located in areas with low to
medium levels of seismic activity. As in areas with high
seismic activity, where lateral forces in design will be higher



increased. Hence, in many cases, especially in areas with
significant seismic design force.

Figures 8 and 9 show the displacement of all structures in
the X and Y axes. The structures displacements in the X and
Y directions are 157.5 mm, 144.53 mm, and 148.2 mm for V
bracing, inverted V bracing, and X bracing. They are 90.36
mm, 108.86 mm, and 104.36 mm, respectively.

160
155
150
145

140

Displacement , dx, (mm)

135

V Brace X Brace on 2 floor

A Brace
Fig. 8 Displacement of the high-rise braced-buildings in X direction
150 +

140 -

130

Displacement , dy, (mm)

120 ‘ ‘
V Brace A Brace X Brace on 2 floor

Fig. 9 Displacement of the high-rise braced-buildings in Y direction

3) Drift:

Drift is commonly described as the horizontal movement
of one story in relation to the story beneath it. Having drift
control is crucial in order to reduce damage to interior walls,
elevators, staircases, glass, and exterior cladding systems.
Stress or strength constraints in ductile materials may not
always offer sufficient control over drift, particularly in the
case of tall buildings with relatively flexible moment-resisting
frames or narrow shear walls. The total building drift is the
complete movement of a point in comparison to the base.
Adjoining structures or neighboring parts of the same
structure may not exhibit the same response methods,
potentially resulting in them forcefully colliding. In a major
earthquake, the building's floors can sway without damaging
the columns due to the beams bending plastically.
Nevertheless, the drift could be significant and result in harm
to components firmly connected to the structural framework.
Examples of elements such as brittle walls, stairs, pipes,
exterior walls, and others that extend across multiple floors
are prone to damage. As a result, a moment-frame building
can sustain significant non-structural damage to its interior
and exterior yet remain structurally secure. For some
buildings, this system may not be a wise investment without
implementing specific damage-control strategies.
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Drift that occurred on the floors of basement, 1, 2, 3, 4, 5,
6, 7, RL, and roof were respectively 0.00 mm, 6.27 mm, 17.34
mm, 14.74 mm, 16.06 mm, 16.46 mm, 16.21 mm, 15.36 mm,
18.81 mm, and 12.83 mm. This is because in X direction. So,
when an earthquake occurs, buildings tend to have a small
sway. Meanwhile, the comparison of deviations between
levels in the Y direction can be described in Table 3.

TABLE III
DRIFT DEVIATIONS OF BRACED-STRUCTURES IN X DIRECTION

Story V Brace (mm) A Brace (mm) X Brace (mm)
Basement 0.00 0.00 0.00
1 8.53 6.33 5.33
2 22.53 18.67 24.10
3 17.17 15.53 14.23
4 18.17 16.97 18.23
5 18.43 17.63 16.73
6 18.00 17.30 17.57
7 17.07 16.23 16.07
Roof 20.43 19.07 19.50

The comparison of the deviation between stories in the Y
direction above shows that structures using inverted V bracing
(A) have smaller deviations between floors when compared to
structures using other reinforcement. The levels of drift
measured on each floor varied: basement - 0.00 mm, 1st floor
- 6.30 mm, 2nd floor - 14.73 mm, 3rd floor - 13.93 mm, 4th
floor - 15.27 mm, 5th floor - 15.70 mm, 6th floor - 15.43 mm,
7th floor - 15.13 mm, roof level - 17.13 mm, and roof - 14.33
mm. This is because structures using inverted V braces (A)
have a stiffer structure than other reinforcements. When an
earthquake occurs, the inverted V braces-buildings tend to
have a small drift.

TABLE IV
DRIFT DEVIATIONS OF BRACED-STRUCTURES IN Y- DIRECTION

Story V Brace (mm) A Brace (mm) X Brace (mm)
Basement 0.00 0.00 0.00
1 7.67 6.30 4.97
2 19.87 14.73 19.87
3 15.37 13.93 12.73
5 17.17 15.70 15.07
6 17.17 15.43 15.83
7 16.93 15.13 15.40
Roof 19.63 17.13 17.63
200 - V Bracing (X-direction)
Inverted V Bracing (X-direction)
X Bracing (X-direction)
150 = «= oV Bracing (Y-direction)
= = «Inverted V Bracing (Y-direction)
~ | eeseesee X Bracing (Y-direction)
g/ 100
h=!
Q 50
O = T T T T 1

10
Story
Fig. 10 Drift of the high-rise braced-buildings



4) Structure Ductility:

Ductility is the structure's capacity to offer support in the
non-elastic phase of reaction. It involves the capacity to
endure significant distortions and the capability to soak up
energy through hysteresis, essential features for a building's
resilience in the face of a substantial earthquake. Ductility is
calculated by comparison between displacement at ultimate
stage (d,) and displacement at initial yield (4,). The maximum
ductility is typically represented by the ultimate displacement
limit (6,), which usually corresponds to a specified limit for
strength degradation. Once they reach this threshold,
structural collapse may not happen, but failure or significant
inelastic deformations can still occur.

As the structure starts to warp and deform in a non-elastic
way, the period of the structure's response appears to extend.
Numerous buildings lead to a decrease in the need for strength.
Moreover, the lack of flexibility leads to this outcome in a
notable level of energy absorption, also referred to as
hysteresis damping. The impact, that adequate stiffness can
undergo large deformations without collapsing. Generated a
force which is significantly lower than the maximum elastic
seismic force allowed, while still meeting the anticipated
performance criteria under the designated ground movements.

Table 5 shows the displacement at initial yield (4,),
displacement at ultimate stage (d.), and ductility of structures
using various bracing shape of V, inverted V and X. Structure
with V bracing has a bigger ductility than it with inverted
bracing (A) and X bracing (on two floor). Structure with
inverted V bracing (A) has a smallest ductility than others.

TABLE V
DUCTILITY OF BRACED-STRUCTURES
6)7 61{ oy
No Brace Type (mm) (mm) Ductility (R)
1V Brace 146.47  377.50 2.58
2 Inverted V Brace (A) 127.97  377.50 2.95
3 X Brace (ontwo floors) 13247  377.50 2.85
3.0 4
$-2.950
204 e T
@ 2850
2.8 4
=1
é‘ 2.7 4
g 267 * 2577
[=) 2.5 4
2.4 4
2.3 T )
V Brace A Brace X Brace on 2 floor

Fig. 11 Ductility of the high-rise braced-buildings

B. Dynamic Response of Structure

1) Vibration Period of Structure:

The dynamic parameters of a movement include the
vibration period 7" and vibration mode. The period of vibration
is the time permitted for a structure to perform one cycle of
simple harmonic motion in one vibration mode. The dynamic
parameters of a movement include the vibration period 7 and
vibration mode. The period of vibration is the time permitted
for a structure to perform one cycle of simple harmonic
motion in one vibration mode. Meanwhile, what is meant by
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natural vibration mode is each characteristic form of
displacement that occurs in a harmonic movement. A
structure must have many degrees of freedom so that the
system will have a solution which indicates the vibration
mode of the system. A free vibration will occur in each mode
with a certain frequency and vibration mode.

The vibration period of a structure (7) is obtained by
comparing the parameters 7, (minimum period), 7, (program
analysis results) and 77 . (maximum vibration period). Then,
a vibration period value for the structure is selected that is
below the T, 4 value, the maximum allowable limit for the
structure. A comparison of the vibration period values for the
structure can be viewed on Table 6 and Fig. 12.

TABLE VI
VIBRATION PERIOD AND NATURAL FREQUENCY OF THE HIGH-RISE BRACED-
BUILDINGS
No Brace Tvpe Vibration Period Natural
yp (second) Frequency (Hz)
1 'V Brace 1.240 0.806
Inverted V
2 Brace (A) 1.120 0.893
X Brace (on two

3 floors) 1.160 0.862
= 1.5 +
=
I}
§ 1.4 -
H

~ 1.3 4
_g 24
5 12 -
QQ 1.16
g
é 1.1 - 112
=
> 1 ‘

V Brace A Brace X Brace on 2 floor

Fig. 12 Vibration period of the high-rise braced-buildings

The vibration periods results of models (7.) using V-
bracing, inverted-V (A) bracing and X- bracing are 1.24
second, 1.12 second, and 1.16 second. It showed that the
smallest vibration period is found in the inverted V-shaped
brace (A) of 1.12 second. This is because the structure using
an inverted V-shaped brace (A) has a stiffer structure (can be
seen in the stiffness analysis). So, when an earthquake occurs,
the structure will tend to sway for a short time when compared
to structures with other reinforcements. However, the period
results in the three models a vibration period value that
exceeds the maximum vibration period value (7% ma), SO the
basic shear force analysis uses the 7 m.q. value of 1,040
seconds in each model.

2) Natural Frequency:

The frequency of oscillation is the amount of cycles in a
given time period. The system's inherent frequency is the rate
at which it oscillates without outside influences if it sustains
oscillations following an initial disruption. The n degrees on
a system will show natural frequencies due to vibration. The
frequency function represents the system's dynamic
characteristics through a curve created by vibration
measurements. The function comes from the connection
between the input signal's Fourier transform and the output



signal. The input signal comprises a force vector with
magnitude and direction, while the output signal consists of
displacement, velocity, and acceleration.
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Fig. 13 The natural frequency of the high-rise braced-buildings

In addition, the formula /7. can be used to calculate the
natural frequency for each model, as shown in Table 3.6 and
Figure 3.11. Table 3.6 indicates that the inverted-V shaped
reinforced concrete brace (A) exhibits the highest natural
frequency among different reinforcements, specifically 0.893
Hz. This occurs since the reinforcement has a short vibration
period of 1.120 seconds, resulting in a high frequency.

C. Structural Damage

Dynamic loads such as earthquakes and wind loads can
also cause extensive structural damage. Buildings, roads, and
bridges can be damaged before collapse. Structural damage
frequently leads to reduced load capacity, instability, and an
increased threat of collapse, which can compromise the
stability and safety of the affected structure. The structural
damage should be linked and assessed to maintain the
remedial measures of the structure.

The building safety parameter can be the dynamic
response of natural frequency (f) and period (T). The building
is safe if the design’s natural building frequency (from
modeling output) is less than the actual natural frequency
(from spectra-response, which is input in the model). Safe
condition refers to less potential for oscillation phenomena in
the opposite case. Opposite to the natural frequency, if the
design’s period (from modeling output) is bigger than the
actual period (from spectra-response, which is input in the
model), then the building is safe. Based on the modeling
outputs of dynamic response (vibration period, natural
frequency), the existing structure is in safe condition from
structural damage, as indicated in Table 7.

TABLE VII

DAMAGE PARAMETER OF THE HIGH-RISE BRACED-BUILDINGS
Damage Parameters \4 Inverted V. X Brace
of Dynamic Response Brace Brace (A) (on two

floors)

Actual Vibration-Period 042s 042s 042s
(spectra response record)
Design of Vibration 1.240 s 1.120 s 1.160 s
Period (modeling output)
Actual Natural-Frequency 2.38 Hz 2.38 Hz 2.38 Hz
(spectra response record)
Design of Natural 0.806 0.893 Hz 0.862 Hz
Frequency (modeling Hz

output)
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IV. CONCLUSION

Based on the modeling outputs of dynamic response
(vibration period, natural frequency), the existing structure is
safe from structural damage. According to the findings of
structural performance, such as stiffness, vibration period,
base shear force, lateral deviation (displacement), and drift
between levels (drift), the most suitable variation of
reinforced concrete braces is inverted V-shaped reinforced
concrete braces (A).

The difference in vibration periods that occur in structures
using reinforced concrete braces in the form of V, inverted V
(A), and X (in two floors) is 0.32 seconds and 0.28 seconds,
respectively. Inverted V-shaped reinforced concrete braces (A)
have a smaller vibration period than other reinforcements.

The deviation of lateral displacement that occurs in the V,
inverted V (A), and X (in two floors) in the Y-direction are
90.36 mm, 108.86 mm, and 104.36 mm, respectively. The
variation in drift between floors observed in buildings with
reinforced concrete braces in V, inverted V (A), and X
configurations on two levels. When comparing to other
reinforcements, this one has the lowest drift value in the
vertical direction of Y.
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