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ABSTRACT 

Article History: 
In structural analysis, many calculations are encountered which are very complex, making it 

difficult to do with exact mathematical calculations. For easier analysis, numerical methods 

are needed to simplify the calculations. Complex building structures, such as towers, multi-

story structures, and other buildings, are idealized for simplification into a single degree of 

freedom system (SDOF), assuming that the dynamic response of structures due to earthquake 

loads is horizontal. The analysis of this model is correlated with numerical analysis, so it can 

be completed quickly. The numerical method used in this study is the 1/3 Simpson Integral 

Method because this method is suitable for calculating dynamic structural responses such as 

structural displacement responses. The analysis procedure begins by entering the external 

forces on the structural system and calculating the resulting response value. The analysis can 

be repeated for a variety of different parameters, such as the mass of the structure, the damping 

ratio, and the stiffness of the structure. The structural response is calculated by sinusoidal 

dynamic load type for damped and undamped systems. The results of this study conclude that 

the relationship between the mass of the structure, the damping of the structure, and the stiffness 

of the structure with the displacement of the structure has an inverse relationship, where with 

high mass, high damping, and high stiffness, it can reduce the structure displacement. 
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1. INTRODUCTION 

Indonesia is an area that has a high vulnerability to earthquake hazards because it is located between 

three world plates, namely the Eurasian plate, Pacific plate, and Indo-Australian plate 

[1],[2],[3],[4],[5],[6],[7]. An earthquake is a sudden release of rock energy in the earth's crust due to the 

accumulation of old rock energy [8]. The accumulation of energy between these plates will release earthquake 

energy throughout the soil layer and affect the existing structures above the ground surface until the buildings 

are shaking [9],[10]. 

Vibration and shaking of the ground due to the earthquake suffered by the structure of the building will 

damage and collapse the building if it is not designed in accordance with earthquake-structure standards, even 

resulting in loss of life and property loss [11],[12]. The ground shaking due to the earthquake that affects the 

foundation of the structure is characterized by the magnitude of the ground acceleration. As a result, this 

ground acceleration will cause a deviation from a structure. The magnitude of this ground acceleration is 

influenced by three things, namely the source of the earthquake, the direction of propagation of earthquake 

waves, and the influence of local soil conditions (site). This means that a large earthquake source and close 

to where the building standars will cause large ground vibrations in the structure [13]. 

In planning the structure in an area with high seismic conditions, it is necessary to pay attention to the 

seismic aspects that affect the structure, such as earthquake loads due to ground shaking[14]. Earthquake load 

is a dynamic load that repeats and changes with time, so the analysis requires repetition and a long time 

[15],[16]. Every building structure has a dynamic response [17]. Acceleration and displacement of the 

structure is the response of the structure due to the dynamic load of the earthquake. The occurrence of this 

structural response can be repeated and periodic over time [18]. 

Dynamic loads due to earthquakes are not the same as other dynamic loads. Structural damage caused 

by ground shaking from random earthquake waves damages the structure from within and not as an external 

force. Earthquake loads occur because of the rock mass in the soil layer under the structure so that it can 

damage the building structure from the inside. In structural design, earthquake load is the design load for the 

calculation of structural strength [19]. 

In a certain existence, the structure may experience periodic dynamic loads, such as moving loads from 

trucks, cars, trains, and nuclear loads, as well as dynamic loads from earthquakes that occur repeatedly with 

a certain frequency. Based on this condition, it is necessary to review the response of the building structure 

with dynamic analysis, especially buildings that are close to earthquake sources. Dynamic analysis is the 

response of the structure to the dynamic load of the earthquake [20]. One of the analytical methods used to 

solve the above problems is Simpson's numerical integral analysis. This study aims to analyze the dynamic 

response of the structure due to the earthquake, such as displacement on portal structure with a structure 

system of single degree of freedom (SDOF). 

Each structure has an infinite number of degrees of freedom, i.e., the number of coordinates needed to 

express the position of a system/mass at any given time, and has a natural frequency of as many degrees of 

freedom as it has. This means that if the type of structure is one floor, then the structure has one mass and a 

single degree of freedom system [21]. When the structure receives dynamic loads with a frequency close to 

the natural frequency, the structure will experience resonance which allows the structure to collapse. 

Structures that experience horizontal displacement or displacement due to dynamic loads experienced 

by the structure are called structures with a single degree of freedom system. The structure with the SDOF 

system is modeled with a structure that has a single mass and displacement coordinates. For example, this 

type of structure with the SDOF system can be viewed as a simple single-level portal, as shown in Figure 1. 

Mathematically, the numerical model for the structure depicting the SDOF single degree of freedom system 

is described in Figure 2. 
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Figure 1. The portal structure of SDOF system 

 

Figure 2. Idealization of the SDOF system and its free body diagram 

The system model, as shown in Figure 2, is an idealization of the SDOF system, and the mass 𝑚 is considered 

to be a rigid mass system. The roller supports stop the mass and can only move in the direction of simple 

horizontal translation. The single displacement coordinate x determines its position. The elastic resistance to 

displacement is provided by a weightless spring of stiffness k, and the energy loss (damping) mechanism is 

described by a damper c. The time-varying Ft load is an excitation loading mechanism that causes a dynamic 

response to the system. Based on the free body diagram in Figure 2 above, the equation is obtained [22]: 

 mẍ + cẋ + kx = Ft (1) 

 

where m is the mass of the system, c is the damping constant, and k is the spring constant, while ẍ, ẋ, and x 

are the acceleration, velocity, and displacement/difference of the system, and 𝐹𝑡 is the dynamic load 

originating from outside (excitation load), planned in the calculations. In the analysis, the earthquake load 

received by the structure is considered as an impulse load. Impulse load is a load that lasts for a very short 

time and suddenly. According to Newton's Laws of Motion, the impulse load is defined as, 

m.dv/dτ = F(τ) (2) 

or, 

 dv = F(τ)dτ/m (3) 

where F(τ)dτ is the impulse and dv is velocity, with the initial velocity we can assume the initial velocity of 

a mass m at time. The impulse load F(τ)dτ of the structure acts on an undamped oscillator. When the oscillator 

changes in speed and acceleration, assuming the initial velocity and acceleration are zero, ẋ(0) = 0 and                    

ẍ(0) = 0 at time t and results in a change in displacement at τ time, so that: 

)sin(
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The loading process can be said as a single short impulse in every increase in time dτ, and each impulse forms 

a differential response at time 𝑡. Therefore, the total displacement at time 𝑡 is an integral of the differential 

displacement dx(t) at 𝑡 = 0 to 𝑡 = 𝑡, so that: 
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Equation (5) above is known as the Duhamel integral, where the damped system response from Equation 

(5) is obtained by substituting the impulse load F(τ)dτ and the initial velocity dv = F(τ)dτ/m, into the damped 

free vibration equation. For x0 = 0 and ẋ0 = F(τ)dτ/m and substitute t-τ for t, we get the displacement at ti: 
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For all parts of the differential displacement response of each load at time 𝑡, calculated by the damped system 

conditions, 
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Equation (7) above, is known as the Duhamel Integral. The Duhamel integral solution of Equation (7) above 

is: 
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To get the value of AD (ti) and BD (ti), numerical evaluation is required. In this study, the numerical method 

used is the 1/3 Simpson’s Rule. The Simpson’s Rule is a fairly accurate numerical analysis and is a basic 

mathematical concept that has always been developed [23]. The general form of the integral of a function I(τ) 

is [24], [25]: 
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The AD and BD values of Equation (8) are calculated by numerical analysis, which is developed from the 

general form of numerical integration of Equation (9) above. 
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where m is mass (kg.sec2/cm), F(τ) is a function of earthquake load (kg), is angular velocity (rad/sec), D is 

damped angular velocity (rad/sec), ti is time to-i (dt), is the damping ratio, and x(ti) is the displacement (cm). 

The basic formulation of the numerical integral derivative of Equation (9) for the 1/3 Simpson’s Rule is as 

follows, 

( )nn IIIII
d

tA +++++


= −1210 4...24
3

)(  (12) 

where I0, I1, I2, …, In is the integral value for each time. 

 

 

2. RESEARCH METHODS 

This research is a numerical approach. The required input data are system mass (m, kg.sec2/cm), natural 

angular frequency (ω, rad/sec) and damped angular velocity, D, rad/sec), damping ratio (ξ, %), maximum 

time integral (tmax, dt), acceleration due to gravity (g, cm/sec2), i time (ti) and force at i time, (Fi). 

 
Figure 3. Idealization of the SDOF system and its free body diagram 
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Based on Figure 3 above, the following formulation relationship applies, 

d

F
m =2  (13) 

where, m is the mass of the structure, is the angular velocity, F is the excitation load on the structure and d is the 

displacement. 

 

2.1 Case Study 

The case study for this research model is a simple portal structure with a single degree of freedom 
(SDOF) system, as shown in Figure 1, which is idealized as Figure 3. Based on the calculation results of the 
structural data, the mass, 𝑚 = 14.5 kg.sec2/cm, natural angular velocity 𝜔 =  17.755 rad/sec, damped 
angular velocity 𝜔𝐷 = 17.03 rad/sec, and stiffness 𝑘 = 4027.27 kg/cm. Structural analysis was carried out 
with dynamic loading from earthquake loads of 𝐹(𝑡) = 1950 𝑐𝑜𝑠 𝑡, during 𝑡 = 30 𝑠𝑒𝑐. 

 

2.2 Analysis Procedure 

At first, data such as mass m, natural angular velocity and damped angular velocity ωD, time ti data, 

and loading F (t), are input. Furthermore, the displacement, 𝑥(𝑡), due to dynamic loads caused by the 

earthquake is calculated based on Equation (8). The analysis was carried out to see how the influence of 

mass m, damping ratio, and stiffness 𝑘 varies on the displacement of the portal structure. The model variations 

of mass, damping ratio, and stiffness used are shown in Table 1. 
 

Table 1. Variation of constant mass with different damping ratio and stiffness 

Variation 

model 
Mass  

(kg.sec2/cm) 

Stiffness 

(kg/cm) 

Damping 

ratio (ξ) 

1 14,5 4205,30 0 

2 14,5 2012,14 0,5 

3 14,5 8410,60 2 

 

From Table 1 above, it is explained that there are three variations with the mass and stiffness used being 

𝑚 = 14.5 kg.sec2/cm and 𝑘 = 4205.30 kg/cm is variation I as a reference variation, with damping ratio 𝜉 =
0. For variation II and III respectively with the reference mass being m = 14.5 kg.sec2/cm, stiffness 𝑘 =
2012.14 kg/cm and damping ratio 𝜉 = 0.5, and mass 𝑚 = 14.5 kg.sec2/cm, stiffness 𝑘 = 8410.60 kg/cm 

and damping ratio = 2. 

 
Table 2. Variation of damping ratio and constant stiffness with different structural mass 

 

Variation 

model 

Damping 

ratio (ξ) 

Stiffness 

(kg/cm) 

Mass  

(kg.sec2/cm) 

1 2 4205,30 7,25 

2 2 4205,30 14,5 

3 2 4205,30 29 

 

Based on Table 2 above, the next analysis was carried out with different variations of the fixed stiffness 

and mass of the structure, namely, 𝑘 = 4205.30 kg/cm and the mass was respectively 7.25 kg.sec2/cm, 14.5 

kg.sec2/cm, and 29 kg.sec2/cm. 

 

 

3. RESULTS AND DISCUSSION 

Based on the results of the dynamic response analysis of the planned earthquake load using the                  

1/3 Simpson’s Rule, the influence of mass variation, damping ratio, and stiffness on the displacement of this 

simple portal structure can be seen in the following description. 

 

3.1. Displacement with Constant Mass-Stiffness Structure and Variation of Damping Ratio  
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This reference variation is provided with data from the mass and stiffness of the reference where,            

𝑚 = 14.5 kg.sec2/cm and 𝑘 = 4205.30 kg/cm. The dynamic response plot of the displacement due to 

dynamic loads and variations in mass and stiffness above, can be seen in Figure 4 below. 

 

 
Figure 4. Displacement-time plot with constant mass-stiffness and variation of damping ratio 

 

From Figure 4 above, it shows that with a high damping ratio, the deviation is small. The maximum deviation, 

y(t)max, for each damping ratio successively is, for 𝜉 = 0 is y(t)max = 0.15 cm, 𝜉 = 0.5 obtained y(t)max = 0.14 

cm and 𝜉 = 2 obtained y(t)max = 0.11 cm. This explains that the damping ratio is inversely proportional to the 

displacement value. 

 

3.2. Displacement with Fixed Damping Ratio and Variation of Changed Structure Mass 

The analysis with this model uses a variation of data with a fixed damping ratio and a variable mass 
variation of the structure, as shown in Table 1, where the damping ratio used is ξ =2, and the structural mass 
m, respectively, 7.25 kg.sec2/cm, 14.5 kg.s2/cm and 29 kg.sec2/cm. The displacement caused by this condition 
is shown in Figure 5 below. 

From Figure 5, it shows that with a high structural mass, it results in a small displacement. The maximum 
displacement, y(t)max, for each structural mass in a row is, for 𝑚 = 7.25 kg.sec2/cm is                   y(t)max = 
0.222 cm, 𝑚 =  14.5 kg.sec2/cm is obtained y(t)max = 0.055 cm and 𝑚 =  29 kg.sec2/cm obtained y(t)max = 
0.111 cm. 
 

 
Figure 5. Displacement-time plot with a constant mass-stiffness and variation of damping ratio 
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3.3. Displacement with Constat Structure Mass-Damping Ratio and Variation of Stiffness Change 

The analysis with this model uses data variations with a fixed mass-damping ratio and variable 

stiffness, k variations, such as Table 1, where the damping ratio used is ξ=2, the structural mass m = 14.5 

kg.sec2/cm, and the stiffness k is respectively 4205.30 kg/cm, 2012,14 kg/cm, and 8410.60 kg/cm. The 

magnitude of the displacement caused by this condition is as shown in Figure 6 below. 
 

 
Figure 6. Displacement-time plot with a constant mass-damping ratio and structural stiffness variations 

 

From Figure 6 above, it shows that by increasing the stiffness of the structure, it can reduce the 
displacement. The maximum displacement,  y(t)max, for each structural stiffness in a row is, for k = 2012,14 
kg/cm, then y(t)max = 0.16 cm, k = 4205.30 kg /cm obtained the maximum displacement, y(t)max = 0.11 cm 
and k = 8410.60 kg/cm obtained the maximum displacement y(t)max = 0.08 cm. 

 

 
4. CONCLUSIONS 

Based on the results of the analysis of the response of the simple portal structure of the SDOF system 

with the 1/3 Simpson’s Rule with the dynamic earthquake loads that have been carried out above, it can be 

concluded that the relationship between the mass of the structure, damping and stiffness of the structure with 

the displacement of the structure, has an inverse relationship. This means that if the mass is increased, the 

structural displacement will decrease, and opposite. If the damping is increased, the displacement will 

decrease, and vice versa. If the stiffness of the structure is increased, the displacement will decrease, and vice 

versa. This can be seen in Figures 4, Figures 5 and Figures 6. 
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