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ABSTRACT 
According to The Indonesian Earthquake Map, Padang City in West Sumatra is in 
Earthquake zone 6. This indicates that Padang City is very vulnerable to earthquakes. 

Meanwhile, developments in the construction of high buildings also continue to show 

progress all the time. The main problem that is often faced is the issue of structural damage 

due to earthquakes. Efforts are needed in earthquake engineering on buildings so that 

collapse can be minimized. The earthquake damping system used is FVD (Fluid Viscous 
Dampers) with different types. The Type-A damper is FVD-750 kN and the Type-B damper 

is FVD-1000 kN, and without using a damper. This research aims to analyze the efficiency 

of reducing earthquake loads such as floor displacement and vibration period of an 18-

story building structure 18 meters high from the base.The analysis method used is a 

numerical method by calculating earthquake load reduction based on numerical error 
analysis from the two types of dampers used on structures without using dampers. Building 

planning refers to SNI 1727-2013, SNI 1726-2019, and SNI 2847-2019, and is assisted by 

ETABS software. Based on SNI 1726-2019, earthquake risk category II, soft soil condition 

type (SE), earthquake acceleration response value SDS = 0.745g and SD1 = 0.784g are 

obtained. The earthquake load used is a dynamic load, taking into account that the condition 
of the building is irregular. Based on the results of the analysis, it was found that the 

displacement between floors using the Type-AFVD Damper could reduce the displacement 

by up to 45.72% and with the Type-B FVD Damper it could reduce the displacement by up 

to 92.72%. Meanwhile, the period of vibration natural using a Type-A FVD Damper can be 

reduced by up to 12.34% and using a Type-B FVD Damper can be reduced by up to 33.21%. 
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1. INTRODUCTION 

Many events in everyday life, such as in the field of civil engineering, can be modeled in mathematical 
formulations with numerical problem solutions[1][2][3][4][5][6][7][8]. An example is an earthquake event. 
An earthquake event can have an impact on collapse and damage to buildings, so it is necessary to plan in 
structural engineering [9], [10]. Earthquakes are modeled as dynamic loads that tend to change over time. 
Dynamic loads from earthquakes can be used as design loads for structural analysis. In structural analysis, 
the numerical equations of the Linear Equation System (LES) can be used to plan earthquake engineering 
buildings and calculate internal forces in structures [11][12][13][14]. 

Earthquake occurs suddenly and cannot be predicted, so people are not prepared to face the impacts of 
earthquakes, such as loss of homes, property, injuries and even death [15][16]. The West Sumatra Province 
region is an area that is very vulnerable to earthquake disasters, because it is close to the Mentawai Megathrust 
Subduction zone and the Sumatra fault [17]. Some of the destructive earthquake events that hit West Sumatra 
so far are the Aceh earthquake-tsunami (2004), the Solok earthquake in 2005, the Bengkulu earthquake in 
2007, the earthquake in Padang City and its surroundings in September 2009, and the earthquake in the 
Mentawai Islands in 2010 [18][19][20]. The most recent earthquake in the last five years also occurred in the 
Solok and South Solok areas on February 28, 2019, as well as the earthquake in West Pasaman in February 
2022 [21][22][23].  

The increase in population has triggered an increase in the construction of structures such as hotels and 
high buildings. The main problem with this structure is that it has a high risk of vibration during an earthquake 
which can cause damage and collapse to the building [24][25]. The impact will be even greater if the 
construction of these buildings and hotels are built near residential areas with dense populations. The solution 
to overcome this problem can be done by reducing earthquake vibrations that propagate through buildings. 
This solution has been widely developed as a damper or reducer of earthquake vibrations in buildings by 
creating structural control systems such as base isolation and tuned mass dumpers  [26][27]. Until now, 
systems like this, apart from being unpopular in use, are still limited to high-rise buildings and are also 
expensive to implement in Indonesia. So it is necessary to look for other, more affordable alternatives to 
reduce earthquake vibrations that propagate through buildings. Another possible way is to use a fluid viscous 
damper (FVD) system which is placed as bracing on building structural elements [28][29][30][31][32][33].  

From the description above, it was found that the damper system i.e. FVD, applied to the structure, 
whether placed as isolation at the base of the building (base isolator) or placed on the bracing elements as a 
hydraulic damper (viscous damper), can absorb earthquake energy and reduce earthquake loads  [34]. The 
current problem is that it is not yet known how much the damper is able to reduce earthquake vibrations that 
propagate through the structure. Structural analysis in earthquake engineering problems is a complex and 
repetitive calculation. Often at certain times, when in the field, researchers only need to know the value of 
certain parameters without having to calculate the solution, especially in  the form of a function first, but 
simply by modeling it in a simple form and finding the solution using numerical methods  [35]. 

From this description, the calculation of earthquake load reduction is the percentage value or efficiency 
of earthquake load reduction on a structure (buildings), which can be described using a simple mathematical 
solution using numerical methods, namely by numerical error analysis. The numerical error analysis method 
in this research is used because it can make calculation completion more practical and save calculation time. 
This research aims to calculate the percentage of earthquake load reduction using numerical error analysis as 
an analysis using numerical methods. 

 

2. RESEARCH METHODS 

This research aims to calculate the percentage of vibration reduction efficiency of structures due to 
earthquake dynamic loads using numerical error analysis. Error analysis is an analysis technique in numerical 
methods [36][37]. In engineering problems, error analysis can be used to determine work efficiency, and can 
compare the reliability of one tool against other tools [38][39]. 

The structure analyzed in this research is an 18-story building structure with a height of 68 m. This 
building uses a damper system of Fluid Viscous Dampers (FVDs). Fluid viscous damper (FVD) is a tool that 
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is able to demonstrate its efficiency as an energy dissipation system and reduce the effects on structures due 
to dynamic loading conditions such as earthquakes. FVD generally provides up to 25% attenuation. 

For example, reinforced concrete structures equipped with FVD are capable of reaching the total 
damping is 30%, of which approximately 25% is the damping directly caused by  dampers, while the 
remaining 5% are structural dampers [40][41][42][43]. FVDs with passive behavior usually consist of a 
hollow cylinder filled with silicone oil (or similar type of fluid) and piston rod with head provided with a 
hole, which divides the inner volume of the cylinder into two chambers, as shown  in Figure 1 [40]. 

 

Figure 1. FVD Damper System Mechanism [29][40]. 

This research uses FVDs, namely Type-A of FVD-750 and Type-B of FVD-1000. The analysis method 
used is a combination of Earthquake Engineering Structural Analysis Methods and Numerical Analysis 
Methods. First, a structural analysis is carried out using earthquake engineering analysis, where the 
calculations refer to the standards SNI-1727-2013, SNI-1726-2019, SNI-2847-2019 [44]. The input data is 
in the form of dead loads originating from the structure's own weight, live loads originating from dynamic 
loads, namely loads from earthquake shaking in the form of accelerated response spectrum. For analysis 
purposes, calculations are carried out on structures that use FVD dampers and on structures that do not use 
FVD. After the results of the structural analysis have been calculated, with the output being the magnitude of 
the deviation and period of vibration, the next process is to carry out an analysis of the vibration reduction 
that occurs due to the load from earthquake shaking on the magnitude of the deviation and period of vibration 
produced by the structure. The vibration reduction efficiency of the two structural models was calculated 
using error analysis from numerical methods in percentage (%). 

2.1. Structure Data 

The building structure data used in this research is a hotel building type with an 18-story reinforced 
concrete structure with a total height of 68 meters, the length of the building in the 𝑥 direction is 42 meters 
and the y direction is 52 meters, and the quality of the materials used is 𝑓′𝑐 = 25 MPa, 𝑓′𝑐 = 30 MPa, 𝑓𝑦 = 
390 MPa and 𝑓𝑦 = 295 Mpa. The element data and structural dimensions used are the plate structure, which 
consists of a roof plate = 130 mm; floor plate = 150 mm, beam structure consisting of main beam I = 450/700; 
main beam II = 400/600 and subbeams = 300/400, as well as a column structure consisting of column K1 = 
1200/1200; column K2 = 800/800 and column K3 = 500/500 . 

2.2. Structure Loads 

The applied structural load data consists of live load (LL), dead load (DL) and earthquake response 
spectrum load. The live load is 2400 kg/m2 which comes from the weight of the corridor, the load from room 
activities on floors 1-17, storage rooms, meeting rooms, dining rooms and restaurants as well as the weight 
of the roof on the 18th floor. The dead load is 221 kg/m2 which comes from the weight floors 1-17, ceramics, 
plaster, ceiling and weight of floor 18. The earthquake load used is the spectrum response value in units of 
gravity (𝑔) or ground speed, which has been calculated based on Figure 2. 
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Figure 2. Response spectrum analysis plot 

Figure 2 is a plot of the graph of the acceleration response spectrum (𝑺𝑨) against the earthquake 
vibration period (T). This acceleration response spectrum is used as earthquake load data used in structural 
analysis for forces in the structure. Then the wind load data is given as basic wind speed 𝑽 = 40 m/sec2, wind 
direction factor 𝑲𝒅 = 0.85, topographic factor 𝑲𝒛𝑻 = 1.00, wind gust factor coefficient 𝑮 = 1.00, internal 
pressure coefficient, 𝑮𝑪𝑷𝒊 = +0.18 and -0.18; velocity pressure exposure coefficient, 𝑲𝒛 = 1.24; determine 

the velocity pressure 𝒒𝒛 = 1033.7632 N/m2. Wind stresses (𝑷) consist of 𝑷𝟏= -599.58 N/m2, 𝑷𝟐 = -899,373 
N/m2, 𝑷𝟑 = -568,569 N/m2, 𝑷𝟒 = -485,868 N/m2, 𝑷𝟏 𝑬 = 444,518 N/m2, 𝑷𝟐 𝑬  = -1292.20 N/m2, 𝑷𝟑𝑬 = -
733.971 N/m2, and 𝑷𝟒 𝑬 = -630.59 N/m2.  

2.3. Characterictics of Fluid Viscous Damper (FVD) 

The damper of structural used is a Fluid Viscous Damper (FVD) with the Type-A of FVD-750 (with 
strength of 1000 kN) and Type-B of FVD-1000 type (with strength of 1000 kN). The choice of this type of 
damper is based on the reason that it is rarely used for tall structures[45]. The characteristics of the two types 
can be seen in Table 1. The stiffness of the damper is calculated using Equation (1), where [46]: 

𝐾 =
𝐴𝐸

𝐿
(1) 

where 𝑲 is the stiffness of the FVD (kg/cm), 𝑨 is the area of the FVD (cm2), 𝑬 is the Modulus of Elasticity 
(kg/cm2) and 𝑳 is the length of the structural element (cm). The use of dampers in structures assumes that 
most of the energy entering the structure can be absorbed by damper elements and a small portion is absorbed 
by other structural elements. Fluid Viscous Damper is able to reduce stress and deflection simultaneously, 
because the FVD force varies only with the speed of movement, and produces a response to the bending stress 
of the structure. The damping force of the FVD used for structural analysis is calculated by  Equation (2), 
where [47]: 

𝐹𝐷 = 𝐶𝑉𝛼 (2) 

where 𝑭𝑫 is the force by the damper (kN), 𝑪 is the damper constant, 𝑽 is the speed between the ends of the 
element (m/sec) and 𝜶 is the speed coefficient of the damper. 

Table 1. The Characteristics of FVD Damper Used 

FVD Type 

(kN/m) 

Length of 

damper (𝑳) 

(m) 

Height of floor (𝑯) 

(m) 

Stiffness(𝑲) 

(kN/m) 

Coefficient (𝜶) 

(kN.s/m) 

Type-A of 

FVD-750 

7.2 4 722380.2746 
736.449 

6.9 3.5 750588.4956 

Type-B of 

FVD-1000 

7.2 
4 

940954.93 

981.933 6.4 1060191.563 

6.9 3.5 977698.2709 



BAREKENG: J. Math. & App., vol. 18(4), pp. 2273- 2282, December, 2024 2277 

 

 

2.4. Structure Design 

Structural analysis is designed for three structural models. Model-A is a structure without using an 
FVD damper, Model-B is a structure using a Damper Type-A of FVD-750 and Model-C is a structure using 
a Damper Type-B FVD-1000. Figure 3 is a model of the designed structure. 

 

 
(a)                                                                                      (b)          

 
Figure 3. Planned structural model, 

(a) Structure without damper, and (b) Structure with FVD 

2.5. Vibration Reduction Value with Numerical Error Analysis  

The vibration reduction value due to earthquake dynamic loads is calculated based on the resulting 
structure displacement (𝑫, mm) and the time period of structural vibration that occurs (𝑻, seconds), which 
refers to the SNI-1726-2012 Standard. The displacement value is calculated using Equation (3), and the 
natural vibration period of the structure is calculated using Equation (4). 

𝑫 =
𝑪𝒅𝒅𝒙𝒆

𝑰𝒆

(𝟑) 

𝑻 = 𝑪𝒕 × 𝒉𝒏
𝒙 (𝟒) 

 
where 𝑫 is displacement or deflection (cm), 𝑪𝒅 is the displacement amplification factor, 𝒅𝒙𝒆 is the 
displacement at the required location (mm), and 𝑰𝒆 is the earthquake priority factor, where the value refers to 
SNI-1726-2012, 𝑻 is the period of vibration of the structure (second), 𝑪𝒕  is the moment-resisting concrete 

frame coefficient and 𝒉𝒏
𝒙  is the height of the structure (cm). These vibration reduction values are calculated 

using numerical method, namely numerical error analysis, by Equation (5) and (6), where [48][49]: 

𝑅𝐷 = |
𝐷1 − 𝐷

𝐷1

| × 100% (5) 

𝑅 𝑇 = |
𝑇1 − 𝑇

𝑇1

| × 100% (6) 

where 𝑅𝐷 and 𝑅𝑇 respectively are the percentage reduction in structural displacement and the percentage 

reduction in the period of vibration produced by the structure after the FVD damper is placed. 𝐷 is the 
displacement before the damper is applied (mm), and 𝐷1 is the displacement after the damper is applied. 
Meanwhile, 𝑇 is the amount of the vibration period before the damper is applied and 𝑇1  is the vibration period 
after the damper is applied (sec). 
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3. RESULTS AND DISCUSSION 

Structural calculations and analysis to determine the amount of displacement and the period of 
vibration of the structure are assisted with ETABS Software in accordance with the SNI-1726-2012 Standard. 
Explanation and analysis derivatives are given in the following description. 

3.1 Story Drift 

The displacement between floors (D) is the difference in deflection at the center of mass at the top 
level and the bottom level. Displacements between floors must not exceed the permissible displacement (Da) 
as specified in SNI-1726-2019 for all levels, with a permissible displacement limit of 70-80 mm. The 
displacement value for each floor is as given in Table 2. The structural displacement value is calculated using 
Equation (3). 

Conceptually, the displacement experienced by the structure due to the earthquake load received is 
different for each floor. The floor that experiences the greatest displacement is the top floor of the 
structure[30]. It is known from Figure 4, that the maximum displacement between floors occurs on the 18th 
floor. The structure without dampers is the structure that experiences the largest displacement, this is in line 
with the research results provided by Khannavar et al (2017) [24]. Meanwhile, the structure that experienced 
the smallest deviation was the structure that used a Type-B of FVD-1000 Damper. The greater the damping 
force used, the greater the displacement suffered by the structure can be reduced [31].  

Table 2. Structure Displacement with and without FVD Damper 

Floor 

Displacement 

without FVD 

(mm) 

Displacement 

with Damper 

Type-A FVD-

750 (mm) 

Reduction 

(%) 

Displacement 

with Damper 

Type-B FVD-

1000 (mm) 

Reduction 

(%) 

18 339.753 159.57 53.03 30.89 90.91 

17 334.648 140.55 58.00 28.90 91.36 

16 327.153 137.68 57.92 27.30 91.66 

15 317.122 129.99 59.01 25.20 92.05 

14 304.981 123.59 59.48 22.70 92.56 

13 290.914 119.86 58.80 19.90 93.16 

12 274.827 113.85 58.57 16.90 93.85 

11 256.816 109.73 57.27 14.20 94.47 

10 237.468 103.91 56.24 12.10 94.90 

9 215.111 96.69 55.05 11.10 94.84 

8 191.506 87.83 54.14 10.30 94.62 

7 166.422 83.64 49.74 9.60 94.23 

6 139.878 78.45 43.92 8.70 93.78 

5 112.145 75.61 32.58 7.50 93.31 

4 83.804 68.30 18.50 6.00 92.84 

3 55.893 44.68 20.06 4.40 92.13 

2 30.196 26.78 11.31 2.80 90.73 

1 9.767 7.87 19.42 1.20 87.71 

0 0.000 0.00 0.00 0.00 0.00 

 
 



BAREKENG: J. Math. & App., vol. 18(4), pp. 2273- 2282, December, 2024 2279 

 

 

 
 

Figure 4. Plot of Structural Displacement for each Floor with and without FVD Damper 

 
Based on Table 2, the vibration reduction value can be calculated for each type of structure, both 

structures that use FVD dampers and structures that do not use FVD dampers, as shown in Table 3. The 
reduction value for structural displacement has been calculated based on Equation (5). The maximum 
displacement reduction of the structure is obtained by the structure using the FVD-1000 type damper, which 
is 87% - 95% compared to other structures. 

3.2 The Natural Period Vibration of The Structure  

The natural vibration period of the structure is calculated using Equation (4) and refers to the SNI-
1726-2012 standard. The maximum period occurred on floor 1, as shown in Table 3.  

Table 3. The Natural Vibration Period of the Structure for each Mode  

Mode 

Period without 

FVD Damper 

(sec) 

Period with 

Type-A of FVD 

Damper(sec) 

Reduction 

(%) 

Period with 

Type-B of FVD 

Damper(sec) 

Reduction 

(%) 

1 2.901 2.713 6 1.806 61 

2 2.842 2.659 6 1.652 72 

3 2.535 2222 12 1.332 90 

4 0.997 0.909 9 0.938 6 

5 0.995 0.876 12 0.894 11 

6 0.777 0.588 24 0.649 20 

7 0.597 0.529 11 0.470 27 

8 0.407 0342 16 0.352 16 

9 0.380 0.322 15 0319 19 

10 0.197 0.176 11 0.179 10 

Table 3 is a comparison of the results of calculating the natural vibration period of the structure within 
and without using Type-A of FVD-750 Dampers and Type-B of FVD-1000 Dampers. Based on Table 3, it 
can be seen that the structure's natural vibration time (period) can reduce the period of vibration due to an 
earthquake using an FVD damper, where it is found that the maximum period of structure vibration occurs 
on 1st floor.  
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Figure 5. Plot the Natural Vibration Period of the Structure in Each Mode 

From Table 3, it is known that the damper that meets the permit limits for the natural vibration period 
is a structure using a Type-B of FVD-1000 Damper with the maximum reduction efficiency occurring on the 
3rd floor, namely 90%, as shown in Figure 5. The maximum vibration period is applied by the structure 
without dampers (blue line), and is followed afterwards by the structure with the Type-750 FVD damper (red 
line), while the minimum vibration period is experienced by the structure with the Type-1000 damper (green 
line). It can be said that structures that use dampers with higher strength types can reduce or reduce earthquake 
loads even by more than 25% [40]. 

Based on the results of calculations that have been carried out to calculate the efficiency of reducing 
earthquake loads on structures, the application of numerical methods, such as numerical error analysis, can 
be used effectively, because it provides results that are relevant to analysis using structural analysis methods. 
Besides that, calculations using numerical error analysis can also save analysis time, so that calculations are 
completed more quickly [35]. 

 

4. CONCLUSIONS 

An analysis of the numerical reduction of earthquake loads on an 18-story structure using Type-A and 
Type-B FVD dampers has been carried out. The earthquake loads analyzed are the displacement between 
floors and the period of vibration of the structure. By numerical analysis using the numerical error equation, 
it is found that the displacement between floors using the Type-A FVD damper can reduce the displacement 
by up to 45.72% and with the Type-B FVD damper it can reduce the displacement by up to 92.72%. 
Meanwhile, the vibration period using a Type-A FVD Damper can be reduced by up to 12.34% and using a 
Type-B FVD Damper can be reduced by up to 33.21%. This analysis is linear with research conducted by 
Ras & Boumechra (2016) [31].  
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