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Purpose: The purpose of this study is to explore the optimization of support structures for 18 

horizontal pressure vessels using simulation modeling. The research aims to reduce the mass of 19 

the support while ensuring structural integrity and identifying opportunities for future 20 

improvements in materials and design. 21 

Design/methodology/approach: The research was conducted by creating a three-dimensional 22 

support model in SolidWorks, compliant with GOST standards. The stress–strain behavior and 23 

optimization of the support structure were analyzed using SolidWorks’ Simulation module, 24 

which employs the finite element method (FEM). Non-uniform load distributions, such as 25 

sinusoidal and parabolic loads, were applied during the loading process to enhance the accuracy 26 

of the simulation without incorporating the vessel body itself. 27 

Findings: The simulation results showed that optimizing the support structure led to a 15% 28 

reduction in its mass. Even though this also resulted in a 23% increase in equivalent stresses in 29 

critical areas, the support structure remains safe to operate, with a strength reserve factor under 30 

static loads exceeding 2. 31 

Research limitations/implications: Further research should include simulations that account 32 

for the type and properties of connections between elements, particularly weld calculations. 33 

Additionally, future studies could explore the use of higher-grade steels than the tested 09G2C 34 

steel to achieve further mass reductions, provided the cost is justifiable. 35 

Practical implications: This study is particularly relevant for the design of pressure vessel 36 

supports used in vehicles, trailers, and semi-trailers transporting liquids or liquefied 37 

hydrocarbon gases. Reducing the mass of support structures can increase payload capacity, 38 

offering significant commercial benefits in transportation efficiency. 39 
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Social implications: A lighter, optimized support structure can contribute to more fuel-efficient 1 

transportation of liquid and gas materials, thereby reducing the environmental impact of 2 

logistics operations. 3 

Originality/value: The originality of this study lies in the combined use of topological and 4 

parametric optimization techniques for modeling horizontal pressure vessel supports. The paper 5 

provides valuable insights into how simulation-based optimization can lead to significant mass 6 

reductions while maintaining structural safety. This research is particularly useful to engineers 7 

and designers working on pressure vessel supports for transportation applications. 8 

Keywords: pressure vessel, tank, tank support, simulation modeling, topological optimization, 9 

parametric optimization. 10 

1. Introduction 11 

During the design of various products, the primary objective is to select design parameters 12 

that ensure high efficiency, which includes minimizing material consumption, achieving the 13 

necessary strength and rigidity, and reducing costs. This involves a cyclical iterative process 14 

where multiple product variants are considered, compared against selected efficiency criteria, 15 

and evaluated through calculations (Buchert et al., 2018; Zheng et al., 2020). Oftentimes, setting 16 

appropriate technological parameters also plays a vital role in achieving the desired quality 17 

while keeping the manufacturing costs relatively low (Bembenek et al., 2023). 18 

Typically, in the development of complex products, only two or three design variants are 19 

considered owing to time constraints for performing detailed calculations. The most intensive 20 

calculations are those assessing the product’s performance. For strength calculations, simplified 21 

models are often used. For instance, in the strength analysis of horizontal cylindrical pressure 22 

vessels, a beam mathematical model is commonly applied, which may not account for the actual 23 

geometry or all possible loading conditions (Zheng et al., 2020). 24 

Based on practical experience, these simplified models can produce functional designs; 25 

however, enhancing their efficiency remains a critical task. The lack of precise and accessible 26 

methods for calculating the strength of horizontal vessels often leads to the use of inflated safety 27 

factors (Quin, Widera, 1996). Consequently, this results in increased material usage and higher 28 

costs (Wang et al., 2023). Therefore, there is a growing emphasis on optimizing design by 29 

applying refined strength calculation methods. This approach allows for a systematic study of 30 

product characteristics through both physical and numerical experiments, ultimately improving 31 

load-bearing capacity, service life, and overall efficiency (Javidrad, H.R., Javidrad, F., 2023). 32 

The prompt and efficient analysis of the stress–strain state of product elements using 33 

advanced mathematical models that consider specific operating conditions, the reliable 34 

assessment of their load-bearing capacity, and the search for optimal design solutions are 35 

possible only through the effective use of modern computer programs (Krantovska et al., 2019; 36 

Selejdak et al., 2023). 37 
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Pressure vessels are designed to be airtight and are used for conducting physical, chemical, 1 

and thermal processes with hydrocarbon raw materials or other media. They are also used for 2 

storing and transporting compressed or liquefied gases or liquids (Mykhailiuk, 2023).  3 

These vessels are widely employed across various industries, including oil and gas, oil refining, 4 

chemical, energy, pulp and paper, cement, and food (Lyakh, Mykhailiuk, 2022; Mykhailiuk  5 

et al., 2024, 2022a). 6 

Because of the unique design and the loads acting on pressure vessels, stress distribution 7 

within their elements is often uneven. For horizontal vessels, the stress–strain state of the 8 

support is particularly crucial for their operation (Błachut, Magnucki, 2008; Varga, 1991). 9 

Modern methods and tools enable the calculation and optimization of pressure vessel design 10 

elements, which enhances the reliability of the vessels, reduces their weight, and increases their 11 

operational safety (Chavda et al., 2022). 12 

Pressure vessels, whether vertical or horizontal, are typically mounted on foundations, 13 

special structures, legs, or supports. The supports for horizontal vessels are usually made of 14 

steel and welded to the hull, or they may be designed to move relative to it. A typical support 15 

for a horizontal tank consists of a backing sheet and vertical ribs attached to its base.  16 

The support must cover at least 120° of the vessel’s circumference (OST 26-2091-93, 1993). 17 

The dimensions and designs of supports for horizontal vessels are standardized and regulated 18 

(Widera et al., 1988). 19 

In a work by Yang et al., simulation modeling of a vessel operating under pressure was 20 

carried out taking into account the effect of internal pressure (16.9 bar) and external load (wind). 21 

During the study, special attention was paid to the stress-deformed state of the support of the 22 

vessel. The structure of the support was also optimized in order to reduce its weight and cost 23 

(Yang et al., 1994). 24 

In a later study, a horizontal pressure vessel was analyzed using the finite element method 25 

(FEM) in ANSYS. The optimal location of the vessel’s supports was determined, and the impact 26 

of structural elements on the vessel’s stress–strain state was assessed. Optimization of the 27 

vessel’s wall thickness led to a reduction in mass (Adithya, Patnaik, 2013). 28 

In another work, a pressure vessel was analyzed using finite element simulation in 29 

ABAQUS. The boundary conditions included the vessel’s weight and internal pressure.  30 

The simulation yielded the stress–strain state under these loads, and the results were consistent 31 

with theoretical calculations, demonstrating the accuracy and reliability of the method (Zhang 32 

et al., 2014). 33 

There was also another study, where the primary goal was to develop and analyze the stress–34 

strain state of the tank and identify the parameters that have the greatest impact on its efficiency. 35 

Results obtained using PV-ELITE software were compared with analytical calculations, 36 

showing a 4.99% difference (Vivekanandan et al., 2019). 37 

  38 



50 M. Bembenek, V. Mykhailiuk, M. Liakh, R. Deineha et al. 

Research by Nayak and Singru examined the influence of stiffness ring placement on stress 1 

concentration in the transition zone between the hull of a horizontal vessel and the saddle.  2 

The analysis considered internal pressure, the vessel's own weight, and other loads (Nayak, 3 

Singru, 2021). 4 

Finally, there was a study that involved simulation modeling of a 10 m3 pressure vessel used 5 

for liquefied petroleum gas (LPG) storage, with the vessel comrising a cylindrical body,  6 

two elliptical ends, a hatch, and two supports. The study confirmed that the strength of the 7 

vessel structure under applied loads is sufficient. It also identified the highest stress 8 

concentrations near the hatch and the junction between the hull and elliptical ends, while the 9 

lowest stresses were observed in the saddle (Abdewi, Fahel Alboum, 2023). Lowest stresses 10 

were observed in the saddle (Abdewi, Fahel Alboum, 2023). 11 

The foregoing studies have employed finite element simulation to analyze and optimize 12 

pressure vessel designs, also highlighting the importance of considering external loads, such as 13 

wind, to optimize the weight and cost of the vessel’s support structure. They help to identify 14 

critical stress points, ensure structural integrity, and optimize material usage.  15 

2. Methods 16 

Modern design tools enable not only the prediction of product deformation but also the 17 

optimization of design within specified mass and strength constraints. This capability is 18 

particularly crucial for pressure vessel designs. Various computer program modules 19 

implementing parametric and topological optimization methods are employed for this purpose 20 

(Mykhailiuk et al., 2022b). 21 

Topological optimization is a method used to determine the most efficient material 22 

distribution within a structure to maximize or minimize an objective function (such as overall 23 

stiffness or natural frequency) while adhering to specific constraints (such as mass reduction). 24 

Unlike parametric optimization, where optimization parameters are explicitly defined, 25 

topological optimization focuses on the material distribution function across the product’s 26 

volume. This approach often results in models with the required strength and minimal weight, 27 

though they may be more challenging to manufacture with traditional methods. 28 

The process of topological optimization involves setting boundary conditions, similar to 29 

static strength analysis. Additionally, optimization criteria, such as the best stiffness-to-mass 30 

ratio, must be specified. The result of topological optimization is a smoothed mesh of the 31 

optimized part. 32 

For optimization, a three-dimensional model of the pressure vessel support was created  33 

(Fig. 1). The dimensions of the support are shown in Figure 2. 34 
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 1 

Figure 1. Three-dimensional model of the support. 2 

 3 

1 – sheet of paper; 2 – support plate; 3 – supporting sheet; 4 – rib. 4 

Figure 2. Geometric dimensions of the investigated support. 5 

The boundary conditions for the study included the fixation of the lower sheet, allowing 6 

movement only in the horizontal direction, and the application of a resistance load from the 7 

vessel’s mass and its contents, totaling 568,195 N. 8 

A key feature in applying the load to the support was the use of the SolidWorks tool 9 

“working load on a support”. This tool enables the creation of an accurate load distribution on 10 

the support without incorporating the existing three-dimensional model of the vessel hull during 11 

simulation. At the same time, the load from the vessel body causes an uneven distribution of 12 

contact pressure at the contact boundary (Fig. 3), namely, on the supporting sheet 1 of the 13 

support (Fig. 2). Additionally, various load distribution patterns, such as sinusoidal or parabolic, 14 

can be applied if necessary (Fig. 4). 15 
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 1 

Figure 3. Load distribution on the support. 2 

Fig. 4a shows the sinusoidal load distribution, and Fig. 4b – parabolic. 3 

  

а) b) 

Figure 4. Variations of load distribution on the support. 4 

According to Fig. 4a, the program distributes the force 𝐹0 from sinΘ to each node along the 5 

circle of the selected edge or the cross-section of the selected faces. In Figure 4, the arrows 6 

show the load components x and y, respectively. 7 

The magnitude of the force 𝐹0 is determined from the equilibrium condition: 8 

𝐹 =∑(𝐹0)𝑖 sin
2 Θ

𝑛

𝑖=1

 (1) 

where n is the number of nodes along the length. 9 

For the parabolic distribution of the force 𝐹0(1 − 𝑥2), which is transmitted to each node 10 

along the length of the circle, which reduces the components 𝐹0 sinΘ. 11 

The magnitude of the force 𝐹0 is determined from the condition of balance of forces: 12 

𝐹 =∑(𝐹0)𝑖 sin
3 Θ

𝑛

𝑖=1

 (2) 

Steel 09G2S with a yield strength of 325 MPa is used as the material for the support parts 13 

of the vessel. 14 

  15 



Optimization of the support… 53 

3. Results 1 

For the convenience of analyzing the results obtained by means of simulation modeling,  2 

the results of the topological optimization of the support of the separator are given first,  3 

and then its strain-deformed state before and after optimization. 4 

The optimized shape of the vessel support is shown in Figure 5.  5 

 6 

Figure 5. The shape of the vessel support obtained through topological optimization. 7 

Figure 6 shows the design of the support taking into account the results of topological 8 

optimization. 9 

 10 

Figure 6. Optimized support design. 11 

Using SolidWorks Simulation tools, the mass of the support was calculated before and after 12 

optimization. The mass of the non-optimized support was 595 kg, while the optimized support 13 

weighed 505 kg, resulting in a 15% reduction in mass. 14 

The following is a comparison of the stress–strain state of the unoptimized and optimized 15 

supports under idenctical boundary conditions and using the same material properties (Fig. 7). 16 
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a) unoptimized b) optimized 

Figure 7. Distribution of equivalent stresses in the resistance. 1 

According to the results (Fig. 7), the maximum equivalent stresses in the non-optimized 2 

support are 118 MPa, concentrated in the backing sheet. In contrast, the optimized support 3 

exhibits maximum stresses of 226 MPa, located in the rib. Notably, reducing these maximum 4 

equivalent stresses in the optimized support can be achieved by increasing the rounding radius. 5 

Based on the maximum equivalent stress values, the safety factor for the non-optimized 6 

support is 2.75, while the optimized support has a safety factor of 1.43. 7 

Parametric optimization was applied with the rounding radius as the variable, initially set 8 

at R = 100 mm (Fig. 8) and aimed at stress minimization. It was found that increasing the radius 9 

from 100 mm to 300 mm reduced the maximum equivalent stress from 225 MPa (Fig. 7b) to 10 

154 MPa (Fig. 9). 11 

  

Figure 8. Variable parameter 

(rounding radius R) 

Figure 9. Distribution of equivalent stresses in the resistance 

As a result, the safety factor increased from 1.43 to 2.1. This shows that utilizing modern 12 

tools in finite element analysis programs during the design process enables effective topological 13 

and parametric optimization of various products. 14 

  15 
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4. Discussion 1 

Reducing the mass of support structures for pressure vessels is a critical issue, particularly 2 

for those mounted on car chassis, trailers, or semi-trailers used to transport liquefied 3 

hydrocarbon gases or liquids. Lowering the mass of the support structure increases the payload 4 

capacity, thereby enhancing the efficiency of the transport system. Achieving this reduction in 5 

mass can be accomplished by utilizing materials with higher performance characteristics than 6 

the studied steel 09G2C. However, it is essential to balance this approach with economic 7 

feasibility, as higher-grade materials may lead to increased costs. This necessitates  8 

a comprehensive analysis of both material properties and cost implications to ensure that the 9 

benefits of reduced weight do not come at an impractical expense. 10 

5. Summary 11 

Topological optimization of the vessel’s support structure resulted in a 15% reduction in 12 

mass. However, this optimization led to an increase in maximum equivalent stresses from  13 

118 MPa to 154 MPa. Despite the elevated stress levels, the support structure remains safe for 14 

operation because its strength reserve factor is still above 2, which is considered an acceptable 15 

safety margin for such applications. 16 

This outcome underscores the delicate balance between reducing mass and managing stress 17 

distribution within structural components. While mass reduction is crucial for enhancing the 18 

efficiency and payload capacity of pressure vessels, it often introduces higher stress 19 

concentrations that must be carefully evaluated. The increased stresses observed in this case 20 

highlight the importance of thorough analysis and validation to ensure that the optimized design 21 

maintains its integrity and safety under operational conditions. 22 

Therefore, while the mass reduction achieved through topological optimization is 23 

beneficial, continuous monitoring and potential further refinements may be necessary to ensure 24 

long-term reliability and performance. 25 
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