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Abstract: This research focuses on the finite element analysis for the design of reinforcement towers under dynamic load 

conditions. The reinforcement tower is a crucial part of the retrieval system that supports the system’s optimal function. This 

study identifies critical areas and plans reinforcement design steps on the construction of the retrieval tower. Stress analysis helps 

determine reinforcement design steps based on established standards and analytical approaches. The finite element method is 

used to analyze the design of the retrieval tower. The model is meshed into small triangular parts to find solutions in the form of 

finite element analysis of reinforcement tower design under dynamic load conditions. The results of finite element computation 

show normal stress fluctuations and increased displacement over time, indicating material deformation. This analysis is essential 

for understanding material behavior and designing systems that can effectively withstand dynamic loads. 

Keywords: Finite Element Analysis, Reinforcement Design, Takeup Tower, Dynamic Load, Stress Analysis, Material 

Deformation. 

 

1. Introduction 

PT Bukit Asam Tbk (PTBA), a state-owned coal mining 

company, is striving to increase its coal delivery targets to 

meet industrial needs both domestically and abroad. The coal 

mining activities are supported by lifting and transporting 

equipment owned by PTBA, including a conveyor system 

used to move coal from one place to another. The conveyor 

system consists of several main parts, including a drive unit 

and pulley, a belt and idler roll for carrying material, a takeup 

system, hopper and feeder, a chute, and a belt cleaning 

section. 

One of the conveyor system equipment at PTBA has 

damage in the takeup system where deformation occurs in 

the beam construction of the takeup tower. The takeup tower 

construction is a crucial part of the takeup system that 

structurally supports the optimal function of the takeup 

system [9]. Currently, the takeup tower construction can still 

be operated but is under special attention due to the fear of 

additional deformation on the construction beam at any time. 

Therefore, routine checks are carried out at the beginning of 

each shift and parallel planning is done for repair steps of the 

deformed construction and identifying the cause of the 

deformation. 

In planning the construction repair, several things must be 

considered such as the distribution of load and the direction 

of force received by each beam [1], the stress generated due 

to the movement of the counterweight against the 

construction, the relationship between the occurring stress 

and displacement, and the relationship between loading and 
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the time of loading [2]. Stress analysis on each beam and on 

the overall construction greatly helps in identifying critical 

areas and determining reinforcement design steps on the 

takeup tower construction. 

A good stress analysis based on predetermined standards 

and an analytical approach is expected to provide a stress 

analysis that approximates the stress corresponding to the 

cause of the damage or deformation [3]. 

2. Methods  

2.1. Observational Study 

The cornerstone of this research lies in the cases that were 

meticulously selected and scrutinized during field 

observations or studies. These cases serve as a fundamental 

guide in identifying the real-world factors that bolster the 

reinforcement design plan being developed. 

During the execution of field observations, it was discerned 

from the findings that the takeup tower construction 

underwent significant deformation and alterations in the beam 

profile and bracing beam [10]. This led to the assumption that 

the structure might be less safe and less economical in relation 

to operational requirements.  

A comprehensive depiction of the actual conditions of the 

construction in the field is provided in Figure 1. This figure 

offers valuable insights into the state of the construction, 

highlighting areas of concern and potential improvement. 

   

Figure 1. Current condition of the takeup tower. 

In addition, the current dimensions of the construction are 

illustrated in Figure 2. This figure presents a clear and detailed 

view of the construction’s dimensions, providing a solid 

foundation for understanding the structure’s physical 

characteristics and constraints. 

 

Figure 2. Dimensions of the takeup tower. 

The takeup tower is composed of steel frames, assembled 

through welding and bolting methods. It is assumed that these 

connection methods provide a 100% efficiency value. The 

specifications for the takeup tower construction can be found 

in Table 1. Specifications of Takeup Tower Construction and 

Figure 3. 

Table 1. Specifications of Takeup Tower Construction 

No. Name Item Material 

1. Main 

Construction  

H-175 x 175 x 7.5 

WF-300 x 150 x 6.5 x 9 

WF-200 x 100 x 5.5 x 8 

UNP-150 x 75 x 6.5 x 10 

L-100 x 100 x 10 

L-75 x 75 x 8 

SS400 

2. Counterweight 

Guide Frame  
WF-200 x 100 x 5.5 x 8 SS400 

3. Counterweight Total mass 17.265 kg N/A 

4. Wire Rope,  ⌀ 28 mm N/A 

5. Rope Sheave N/A N/A 

 

The table provides a detailed breakdown of the main 

construction materials used in the takeup tower. Various steel 

sections such as H-175 x 175 x 7.5, WF-300 x 150 x 6.5 x 9, 

and others are listed, all of which are made of SS400 material. 

SS400, a common structural steel grade known for its good 

weldability and formability, is often used in general structural 

applications [15]. The guide frame of the counterweight is 

constructed using WF-200 x 100 x 5.5 x 8 SS400. This specific 

type of rolled steel is suitable for this purpose, providing 
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stability and guidance for the counterweight. The 

counterweight itself has a total mass of 17.265 kg. This 

significant mass plays a crucial role in balancing the takeup 

tower and ensuring its proper functioning. The wire rope, with 

a diameter of ø28 mm, is designed to handle the loads and 

stresses involved in the tower’s operation. Although the details 

of the rope sheave are not provided, it plays a vital role in the 

movement and support of the wire rope. This comprehensive 

overview of the construction materials and components 

contributes to our understanding of the takeup tower’s design 

and functionality. 

 
Figure 3. Main Parts of the takeup tower construction. 

2.2 Finite Element Method 

In this research, an approach using the finite element 

method will be applied to the design of takeup tower. The 

model is meshed into small parts in the shape of triangles to 

find a solution in the form of the finite element analysis of 

reinforcement design in takeup tower under dynamic loading 

conditions, simulated with COMSOL Multiphysics 6.1 

software. 

2.2.1. Boundary Conditions 

In this analysis, we make the assumption that all variables 

and parameters remain constant or unchanging over a specific 

period of time. The structure under examination is deemed 

rigid, meaning it is resistant to deformation or changes in 

shape. The loading simulation is conducted by identifying the 

type of material used, establishing constraints, and applying 

force to each member [4] [11] [12] [13]. More specifically, as 

depicted in Figure 4, boundary loads are applied in the -Y 

direction with a total force of 43763.25 N and the foundation 

legs are subject to fixed constraints. Under these 

circumstances, the application of boundary loads serves to 

observe the magnitude of the load resulting from the beam 

construction. Consequently, we can identify critical areas 

caused by the distribution of load from the counterweight to 

the beam construction of the takeup tower.  

 
Figure 4. Boundary Conditions of the takeup tower. 

The material properties used in the simulation modeling of 

the takeup tower in the finite element analysis of the beam 

construction are shown in Table 2. 

Table 2. The Properties of Carbon Steel SS400 

Property Value Unit 

Elastic Modulus 2.1 x 1011 N/m2 

Poisson’s Ratio 0.26 - 

Mass Density 7860 kg/m3 

Tensile Strength 3.0 x 108 N/m2 

Yield Strength 2.45 x 108 N/m2 

2.2.2. Solid Mechanics 

Solid mechanics, which is the study of the deformation and 

motion of solid materials under the action of forces [5], is 

applied in the structural analysis of the takeup tower. This 

application is based on the time-dependent changes that occur, 

aiming to understand how the structure changes over time 

under certain loads [8]. In this context, it allows for the 

modeling and analysis of the deformation and movement of 

the structure over time, caused by transient loads attributed to 

the counterweight load. The conservation equations used in 

the modeling of the takeup tower in this research are as follows: 

 𝑆. 𝑛 = 𝐹𝐴 =
𝐹𝑡𝑜𝑡𝑎𝑙

𝐴
                  (1) 

Normal stress (S.n) is defined as the stress produced when 

a force is applied perpendicularly to the surface of an object. 

This force, known as the Surface Force (FA), is measured as 

the amount of force applied per unit area of the object’s surface 

[6] [14]. The Total Force (Ftotal) refers to the cumulative force 

exerted on the object. The Surface Area (A), on the other hand, 

represents the area of the surface where this force is applied 

[7]. 

𝜌
𝜕2𝑢

𝜕𝑡2
= ∇. 𝑆 + 𝐹𝑣                  (2) 

ρ (rho) represents the density of a material, which measures 

mass per unit volume. The term ∂²u/∂t² refers to acceleration, 

which is the second derivative of displacement (u) with respect 
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to time (t). The operation ∇ · S, known as the divergence of S, 

is a mathematical operation that describes the rate at which the 

stress vector (S) changes in space. Fv denotes the volume force, 

which is the force applied to the material per unit volume. 

Overall, this equation illustrates how the displacement within 

a material change over time due to the applied force and the 

distribution of internal stress. 

3. Result and Discussions 

3.1. Computational Result 

The finite element computation results on the beam 

construction of the takeup tower, based on the analysis under 

dynamic loading conditions, are as follows: 

 

Figure 4. Maximum Normal Stress 

The 3D model as shown in Figure 4 depicts a complex truss 

structure, with intersecting beams forming triangular shapes to 

distribute the load. Beside this structure, there is a color scale 

indicating the level of stress measured in MPa (Megapascals), 

ranging from -15 (in blue) to 34.7 (in red). This shows how the 

load distributed by the truss structure affects the stress level on 

its individual components. Significant stress occurs on the 

middle cantilever in the takeup tower. 

 

Figure 5. Maximum Displacement 

From the simulation results as shown in Figure 5, most of 

the takeup tower structure shows minimal displacement, 

indicated by the blue color on the scale (0 – 0.05 mm). This 

suggests that the structure is well-designed to withstand 

operational loads without significant deformation. However, 

there are areas colored in green, yellow, and red indicating 

higher levels of displacement (0.05 – 0.223 mm), with red 

indicating the highest displacement on this scale. These areas 

may be experiencing greater pressure or uneven loads, 

indicating a risk of structural damage. Therefore, the measured 

displacement on the takeup tower should be further analyzed 

to determine if there is a need for reinforcement. The results 

of this analysis can then be used to improve the design of the 

takeup tower in the future, ensuring that the displacement that 

occurs is within safe limits for long-term operation. 

Table 3. Computational Data Results 

Force 

(N) 

Time Dependent  

(s) 

Normal 

Stress (MPa) 

Displacement 

(mm) 

43,763.25 

0.0 0.2941 3.614E-5 

0.5 160.23 0.26364 

1.0 149.48 0.22309 

1.5 132.81 0.26738 

2.0 143.71 0.24716 

2.5 134.02 0.24529 

3.0 138.45 0.24985 

3.5 138.06 0.25709 

4.0 136.25 0.25061 

4.5 136.96 0.24895 

5.0 136.35 0.25415 

 

Based on the data available in Table 2, it is observed that 

the normal stress (measured in MPa) exhibits fluctuations over 

time. These fluctuations could be attributed to a variety of 

factors, including changes in load, properties of the material, 

or testing conditions. Concurrently, displacement (measured 

in mm) typically demonstrates an upward trend, although the 

rate of increase varies. This suggests that the material 

experiences deformation over time, as depicted in Figure 6. 

 
Figure 6. Normal Stress and Displacement of Takeup Tower 

The data also shows that both parameters, normal stress and 

displacement, have a correlation with time. However, this 

relationship is not always linear, which is important to 
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consider in material analysis and structural design. This 

discussion emphasizes the importance of careful data analysis 

to understand the behavior of materials and design systems 

that can effectively withstand dynamic loads. 

 
Figure 7. Normal Stress vs Displacement and Time Dependent 

Based on the graph as shown in Figure 7 , it is observed that 

there is an initial increase in stress. The graph indicates that 

normal stress (in MPa) sharply increases at the onset of time 

measurement, reaching its peak before stabilizing around 160 

MPa. This demonstrates a rapid response of the material to the 

applied load. In contrast, displacement (in mm) increases at a 

slower rate compared to normal stress and stabilizes around 

0.25 mm. This signifies that the material undergoes consistent 

deformation over time. 

Both parameters show a strong initial correlation but 

diverge after a certain point. Normal stress decreases while 

displacement continues to increase, albeit at a decreasing rate. 

This material analysis is crucial for understanding the behavior 

of materials under dynamic loads and can be used to predict 

how materials will react to varying loads in practical 

applications. 

Overall, this graph provides insights into the characteristics 

of the material and can assist in structural design and the 

selection of the appropriate material for specific engineering 

applications. 

4. Conclusion 

Based on the results of the simulation study conducted, it 

can be concluded that the normal stress and displacement in 

the takeup tower construction fluctuate over time. This data is 

very important for effective material analysis and structural 

design. In addition, the relationship between normal stress, 

displacement, and time shows that it is not always linear. This 

emphasizes the importance of careful data analysis in 

designing systems that can withstand dynamic loads. Based on 

this discussion, it is suggested that the analysis results can be 

used to improve the design of the takeup tower in the future. 

Thus, the displacement that occurs can be ensured to be within 

safe limits for long-term operation. 
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