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Abstract:-This paper uses the FEM method and the ANSYS software to provide a numerical
analysis of an industrial thickener storage tank. For this, the initial three-dimensional model of the
structure, together with the mechanical properties of the materials used, are entered into the
software; meshing and boundary conditions are applied, and then, following the initial analysis to
find the critical points of the structure, a final analysis is conducted, and the results of the different

models are provided.
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INTRODUCTION

In static industrial equipment such as storage and thickener hardware, strength (strength against
yield and failure) and stiffness (strength against deformation) of the structure are the most critical
duties of a system and its components that must be designed with high safety factors. During and
after the design process, the analysis of the strength and stiffness of the structure is a major stage
that must be designed with maximum accuracy. Structure analysis can be performed by two
methods: analytical and numerical. For the simple geometry of structures, an analysis solution is
carried out, while for the complicated geometry of the structures, engineers use numerical analysis;
here, the FEM method is one of the most common techniques for the numerical solution of the
structural issues [1]. Also, engineering software can be used for the numerical solution of the
structure with large and complicated components. In the first stage, the complete model of the
storage tank was developed to analyze the structure, and the initial analysis was performed under
various loadings (different heights of the fluid) by applying the pressure caused by the fluid. Then,
the critical points of the structure, which were the adjacent sheets, were found to conduct a final
analysis on them in the next stage; this final analysis was carried out on two different models
provided by the administrator. Later, the two models were proposed to strengthen the weak points,
and relevant results were provided. This article analyzes the industrial storage tank structure,
defined by the administrator, using powerful ANSYS software. The second chapter discusses
project inputs and requirements determined by the administrator. At the beginning of the project,
the 3D model of the tank is prepared, as Chapter three discusses the stages of this process and
necessary adjustments. Materials are applied in chapters four and five, and an initial structural
analysis is reported, while Chapter six offers the final analysis. The two concluding chapters, seven
and eight, provide Internet search results on the subject, discussion, and conclusion.

1.1. Tools
1.1.1. Introduction to ANSYS
ANSYS is a powerful professional simulator capable of providing an advanced and standard design
to designers and engineers so that they can implement their ideas on the computer. In the ANSYS
Product program. A reliable and automated database system is used, which helps work easily with
the software. According to the software designer, it is so powerful that it will be applicable and
reliable to resolve design problems for the next 32 years. ANSYS is a preferred analysis software
among Computer Aided Engineering (CAE) software.

NANSYS

Figure 1.1.: ANSYS software

This multi-purpose software can analyze various engineering issues, including heat, fluids,
magnetism, electrostatics, structure, vibrations, statics, etc. This software can also create a
relationship between the cases mentioned [2] in this project. A static structural analysis module of
the software was used.

Definition and requirements of the subject

Here, in this project, a cylindrical tank with a conical floor and height and diameter of
approximately 20 and 36 m was defined, and its 3D model was delivered.
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Figure 1.2. 3D model of the tank

Figure 2. 2. General dimensions (cut view of the middle section)

Materials property

The tank’s structure was divided into the main category of sheets and their footings. The metallic
material of the floor sheets was made of S275JR steel, as the remaining parts of the structure,
including the footings and adjacent sheets, were made of S235JR steel. The mechanical properties
of these two types of steel were equally stiff; from a strength point of view, the S275 JR material,
as the name suggests, had greater strength. Table 1.2. gives the properties of these two types of
steel, as taken from the Eurocodeappleid.com
Table 1.2. Material property

Yield Poisson’s Shear Modulus of . .
stress ratio modulus (G) | elasticity (E) PLIL MIEEGTEL
275Mpa | 0.3 81 GPa 210 Gpa 7.85g/cm® | S275JR
235 Mpa 0.3 81 GPa 210 Gpa 7.85 g/cm?® S235JR
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1.3. Loading and boundary conditions
The boundary conditions of this tank are defined by the fixed surface of the footing bottom, and its
loading is applied by the weight of the fluid inside the tank and the downward gravitational
acceleration. The density of the fluid inside the tank is 1.3.g/cm3, with its free surface height
variable.

Model development

As stated in the previous section, the model received is one with all details, as one of the time-
consuming processes of the project was to prepare and convert this developed model into a ready
model for the structure analysis. In models developed for permanent connections, such as welding,
there are interferences and gaps which, proportionate to the tolerance and manner of connection and
welding as intended by the designer, are taken into account in the model deemed necessary for the
structure analysis; all these gaps were adjusted, and the parts were connected without interference
and distance.
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Figure 1.3. Over 3000 interferes in the initial model

On the one hand, bolted connections are exactly and fully embedded in the developed model, which
should be removed to analyze the while structure; connections of bolts are a totally separate
category that includes frictional connections, which make the analysis non-linear. It is known that
the bolted materials are from highly strong steel grades and have greater strength than developed
steel. As a result, if design standards in bolted connections are met, few bolted failures will occur;
thus, conventionally, bolted connections are fully removed from structural analyses of this kind.
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Other adjustments included filling small holes like those created by bolts which, in meshing, could
increase the number of elements and nodes. The sheets were modeled as a zero-thickness surface to
increase the quality of meshing in sheets and prevent the creation of a high aspect ratio in its
elements [3,4]. Removing unconstructive elements like taps and valves, which do not tolerate the
structural load, was another change; in the end, following the adjustments, a 3D model of the tank
was entered into the static analysis [3-3].

Figure 3.3.: Prepared model for the structure analysis

Applying the materials
In this stage, two types of material: S275 JR and S235JR, were used in the sheets and other
components, and the sheet thickness was applied (Figure 1.4.).
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Figure 1.4, Applying the materials and thickness to the sheets

1.4. Initial analysis
1.4.1. Meshing

To perform the FEM analysis, the meshing of the structure is first necessary; meshing is the
division of the structure into smaller components. Meshing can be carried out in the form of various
methods and sizes, which directly impact the analysis results; to get accurate results from the FEM
method, it is necessary to study the meshing and investigate its sensitivity on the response of the
problem. On the other hand, the structure here is very large and includes many small and large
components, which help increase the number of nodes and elements. Thus, it is required to use
higher RAM and time to solve it. The cloud rental processing systems with the following
specification were used to do this project.

Table 1.5. System’s specification
Graphic cad Processor RAN SSD
Default AMD 24 Core 128 GB DDR4 256 GB

To mesh the tank, the components were, proportionate to their dimensions, divided into five
categories of sheets, parts behind the sheets, smaller parts, medium parts and larger parts; different
sizes were applied. Four separate analyses of different sizes were performed to investigate the
quality of the meshing and examine the correctness of the responses, the results of which are given
in Table 2.5.

Table 2.5. Examination of meshing sensitivit
# “

1 2636794 2904063 Linear 16.5mm 59 GB

2 4018664 4064929 Linear 17 mm 83 GB
Linear/

3 2282659 2419566 Quadratic 18 mm 47 GB
Sheets

4 4888161 4837228 Linear 17 mm 78 GB

Deformation results of the four analyses were close and indicated that the applied sizes were
acceptably correct; thus, using the fourth meshing, the analyses can also be carried out. The
following images illustrate the meshing.
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Figure 1.5. Images of the final meshing
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1.5. Loading and boundary conditions
As the project revealed, the tank’s boundary conditions can be met with the connection of the
footing bottom to the ground, as applied in the software this way.

» Y
1e+04 (mm)

|
Se+03

Figure 2.5. Boundary conditions; fixed surfaces

For loading, gravitational acceleration is first applied downwards, while for the application of the
hydrostatic fluid force, the internal surfaces of the tank, in contact with the fluid, are selected, and
this hydrostatic force applies a density of 1.3. g/cm to these internal surfaces, including the sheets
and the surface of the column in the middle of the tank.

Hydrostatic forces not only require the density of the fluid and the surfaces in contact with the fluid,
but also the height or the free surface of the fluid. One of the main objectives of the project was to
investigate the situation of the structure at different heights of the fluid; for this, different heights of
the fluid were entered in the process of the five analyses (figure 4.5), and the results are provided in
the next section. As for the first analysis, the tank is assumed to be full (height of the fluid to the
highest point), but the next four analyses saw the heights reducing by one meter each [5, 6].

In the following images, the hydrostatic pressure contour entered for all five states is noted (some
sheets are hidden to better see the inside of the tank).
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Figure 4.5: States two to five, including loading and reduction of the height and fluid pressure
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1.6. Initial analysis results
This section concerns the results of the tank analysis under the fourth meshing (Table 2.5) and
loading under the first state (full tank), which is the worst state. The results are provided in the form
of deformation and VVon-Mises stress values; then, results of other loadings (different fluid heights)
are given in tables and diagrams. The images show deformation at a 70 x scale for a better view [7].

0 1e+04 (mm) A
| | bz X

Se+03

Figure 5.5.: General deformation
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Figure 5.6.: Von-Mises stress
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Figure 5.7: Inside the tank stress
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Figure 5.8. Footing stress
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Table 3.5.: Results

State
First 0 (full tank) 16.9 175 1.5
Second 1 meter 15.0 158 1.7
Third 2 meters 13.11 135 2.0
Fourth 3 meters 11.2 115 2.4
Fifth 4 meters 9.2 95 29
3.5
2.9
3 -
Safety factor 1.7 — ____.--""_----
1/5
15 o— -
1
05
0
0 05 1 15 2 25 3 35 4 45

Height (distance of the fluid's surface with the upper surface of the tank) m

Figure 5.9: Safety factor by the height of the fluid

Final analysis

Initial analysis results indicate that the footings have a good safety factor (+2.5), and the critical
part of the tank is laid in the lowest row of the sheets in the cylindrical part (sheets with a thickness
of 15), as noted in Figures 5.6 and 5.7. The stress of this area under various loading, including
different heights of the fluid, as given in table 2.1., indicates that with the reduction of the height of
the fluid, the structure’s safety factor increases, which is natural. Now, because the critical part of
the structure is the low-row sheets and the tank must be analyzed in a full state, the final analysis is
performed with a focus on the critical part and increasing the accuracy of the results in that part.
The final analysis of the two models sent by the administrator was performed, and finally, the two
proposed models were examined to strengthen the critical part.

1.7. Defining the models
As stated, the final analysis was carried out by focusing on the critical part and increasing the
accuracy of the results in that part; thus, the main parts of the footings were removed to perform a
smaller-sized and higher-order meshing; this will help provide more accurate results. The final
analysis was done on the two models; the first one is the main and initial model with some
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adjustments to the sheet thickness, while the second one is a model whose sheets almost 1-meter
wide are laid over each other; while being a little different from the first model in terms of main

dimensions. The administrator has provided schemes of this model, and relevant modeling is
performed in the SoaceCalim.

ttlT:H ‘

|
jif BY

Ny

5e+03

Figure 6.2. Sheet thickness (right), added materials (left)

1.8. Meshing

With the removal of the footings and fewer components under analysis, the meshing was made

finer with the greater number of nodes on the geometry, the specifications of which are given in
Table 1.6.

Table 1.6.
- Geometry  sizz¢(mm)  Order
15 mm sheets 100 Quadratic
8- and 12-mm sheets 100 Linear
30 mm sheets 320 Linear
Parts between 15 mm sheets 35 Quadratic
8- and 12-mm sheets 50 Linear
Footing parts 120 Linear
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Figure 6.4. Quality of meshing

1.9. Loading and boundary conditions
Like the initial analysis, for the loading, first, the gravitational acceleration was applied
downwards, while for the application of the hydrostatic force of the fluid, the surfaces of the sheets
were selected, as the hydrostatic force was applied to the surfaces with a density of 1.3 g/cm. Lower
surfaces, like figure 6.5., are fixed as boundary conditions.
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Figure 5.6. Hydrostatic pressure of the fluid (right), boundary conditions (left)

1.10. Final analysis results

This section concerns hydrostatic analysis results of the first and second models along with each
other; the images show deformation of 70x scale for a better view.

Type: Total Deformatio
Unit: mm

Time: 1 s

7172022 804 P

Se+03

Figure 6.6: General deformation of the first model
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Figure 6.7. General deformation of the second model
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Figure 6.8.: First model stress
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Figure 6.9.: Second model stress

Figure 6.10: Sheet maximum stress in the first model

Figure 6.11: Sheet maximum stress in the second model
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1.11. Two proposed models
To strengthen the critical part of the structure, various ideas can be used, two of which, i.e.,
modeling and analysis results, are noted in this section. In the first proposed model, two stiffening

rows, like Figure 6-13, are laid behind the 15 mm sheets, while in the second proposed model, the
thickness of the lower sheets increases from 15 to 30 mm.

Figure 6.13: a first proposed model
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Figure 6.16: General deformation of the second proposed model
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Figure 6.17: first proposed model’s stress
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Figure 6.18: Second proposed model’s stress
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Figure 6.19: Max. sheet stress in the first proposed model
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Figure 6.20: Max. sheet stress in the second proposed model

Similar standards and analyses
This section is concerned with the Internet search results about the structure design standards,
safety factors and similar cases about tanks and thickeners analysis. Several articles and Internet
sites were used in this connection, some images of which are in the following [6,8, 9, 10].
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ANALYSIS TOTAL DEFORMATION VON-MISES STRESS
mm MPa
STATIC ANALYSIS 39.485 307.68
WIND LOAD ANALYSIS 0.17 1.1916
SLOSHING ANALYSIS 24.048 157.79

Figure 1.7: Static analysis results of a cylindrical water tank [11]

7.5¢+003

Figure 2.7: Thickener analysis results (Greent&:hnical, 2017)
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Figure 3.7: Analysis of the cylinder under hydrostatic pressure (Pluto, 2018)

Equipment

Aircraft components
Boilers
Bolts
Cast-iron wheels
Engine components
Heavy duty shafting
Lifting equipment - hooks ..
Pressure vessels
Turbine components - static
Turbine components - rotating
Spring, large heavy-duty
Structural steel work in buildings
Structural steel work in bridges
Wire ropes
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Factor of Safety

Applications -FOS -

For use with highly reliable materials where loading and environmental
conditions are not severe and where weight is an important consideration

For use with reliable materials where loading and environmental conditions are
not severe

For use with ordinary materials where loading and environmental conditions are
not severe

For use with less tried and for brittle materials where loading and environmental
conditions are not severe

For use with materials where properties are not reliable and where loading and
environmental conditions are not severe, or where reliable materials are used 3-4
under difficult and environmental conditions

Figure 4.7: Safety factor (Enginneringtoolbox, 2022)
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I
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loading
)greentechnical, 2017(Figure Deformation and maximum stress locations in
2.7 thickeners
)Pluto, 2018(Figure 3.7 Meshing, connectlons;rr;(:siprgl|cat|0n of hydrostatic

)enz%gze(e;glgj';(;odlgox, Safety factors in structures
Conclusion

Based on the analyses, it is concluded that consistent with the two proposed models, one had
cylindrical sheets approximately three meters wide, while in the second model, each sheet was
divided into two pieces, though demonstrating little difference in performance; this is while, when
strong welding connections were applied to the sheets, the response of the deformation and
equivalent stress values were almost equal, with the findings are given in Table 1-8.

Table 1.8
Max. Max  stress in | Safety factor
Model deformation sheets (assuming  yield
mm MPa stress of 235)
First merI (sheets of three 11.89 170 138
meters wide)
Second model (1- and 2- 11.95 173 135

meter sheets)

First  proposed  model
(addition of stiffener to the | 10.25 139 1.69
15 mm sheets)

Second proposed model
(Doubling of the 15 mm | 8.67 105 2.23
sheets’ thickness)

In sum, as for the structure condition, one would say that in designing and determining the size and
thickness, one of the main factors in determining the safety factor is entrusted to the designer, as
standards are used, and the condition and accuracy of loading estimation are taken into account to
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determine the accuracy of manufacturing and quality of the prepared materials. However,
considering the general engineering rules and standards to determine the safety factor (Figure 7-4),
it is concluded that the two models in the low row of the sheets did not have a good safety factor
and had to be retrofitted.
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