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Abstract. With the development of China’s economy and industrialization, the
steel clarification tank has become an essential and important component in sew-
age treatment and chemical production, playing a crucial role in improving treat-
ment efficiency and reducing costs. This paper studies the deformation of a steel
clarification tank under different conditions, focusing on stress and displacement
with varying wall thicknesses. The analysis shows that in dry conditions, the
maximum stress occurs at the connection between the vertical and inclined walls,
while in full water conditions, it occurs at the connection between the steel col-
umn and tank support. The maximum displacement always happens at the con-
nection between the vertical and inclined panels, regardless of the presence of
water. The steel clarification tank with an 8 mm wall thickness has the lowest
stress but the largest displacement.
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1 Introduction

With the gradual improvement of China's economic strength and the rapid advancement
of industrialization, the steel clarification tank has become an indispensable and im-
portant part of sewage treatment and chemical production. As an important energy re-
serve and treatment equipment, it can be used in sewage treatment plants to discharge
mud and purify sewage. It not only saves labor, but also improves the production ca-
pacity of sewage treatment and greatly reduces costs. Therefore, the study of the clari-
fication tank is not only very important for the safety of structures, but also has guiding
significance for the more accurate design of disaster prevention.

Zhou [1] conducted finite element analysis on LNG tank walls, showing large bend-
ing moments under static loads. Jiang et al. [2] studied cyclic and axial stresses on tank
walls. Eyas and Sukru [3] proposed a stiffness - flexibility matrix methodology, which
was founded on the principles of thin shell theory. Yang et al. [4] derived buckling
critical stress formulas for tank walls. Cheng et al. [5-6] studied sloshing effects in steel
rectangular tanks and seismic responses in SF-type liquid-storage tanks. Meier [7] re-
viewed all types of water tanks, providing insights on design, construction, and mainte-
nance.
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Thus, the tank in full water, water influence on the tank, the existing research is
mainly on the reinforced concrete storage structure and steel rectangular storage tank,
therefore, for the static response of steel clarification tank filled with water and anhy-
drous under the different wall thickness on the structure, static stress and dis-placement
distribution of the tank will be analyzed, so as to provide some guidance and reference
for similar engineering in the future.

2 Analytical Model

Fig. 1 illustrates that the steel clarification tank's tank body is fabricated from steel. The
outer tank features a diameter of 11.50 m, while the inner tank measures 3.65 m in
diameter. The overall height of the tank structure reaches 10.50 m. The main compo-
nents include the guide plate, the reaction cylinder, the water collecting tank and the
fender are steel plates. ADINA finite element software was used for modeling, and the
element type was solid element.
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(a) Schematic diagram (b) Structure size

Fig. 1. Schematic diagram of the steel clarification tank

3 Parameter Settings

The parameters selected for this study are presented in Table 1. It is necessary to sim-
ulate the tank wall, inner barrel, cone, column section, support and bottom plate of the
steel clarification tank. Then, two element groups of model shell and fluid are defined
and the basic properties of materials are defined. To establish a three - dimensional
finite element analysis model, the pool wall, inner barrel, cone, and bottom plate of the
steel clarification tank were partitioned into shell units.

Table 1. Model parameters.

Parameter Value
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Elastic modulus E/Pa 2.1x10"!
Poisson's ratio L 0.3
Density p/(kg/m?) 7800
Acceleration of gravity g/(m/s?) 9.8

4 Results Analysis

4.1 Static Characteristics of Steel Clarification Tank Under Different Panel
Thicknesses

In order to study the influence of the thickness of the wall plate on the clarification tank,
it is assumed that the column section is H300mm x 300mm X 15mm X 15mm un-
changed, and three different wall thicknesses of 8 mm, 10 mm and 12 mm are analyzed.
In the case of no water inside and outside the tank, the stress calculation results of the
clarification tank under different wall thicknesses are shown in Fig. 2.
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Fig. 2. Stress nephogram of clarification tank with different wall plate thicknesses under no wa-
ter

It can be seen from Fig. 2 that the maximum stress of the steel clarification tank
under the condition of anhydrous wall thickness of 8 mm is 4.077 x 10° Pa, and the
maximum stress occurs at the connection between the vertical wall plate and the in-
clined wall plate of the tank. The maximum stress of the steel clarification tank with a
wall thickness of 10 mm is 4.175 x 10° Pa, and the maximum stress occurs at the con-
nection between the vertical wall and the inclined wall of the tank. The maximum stress
of the clarifying tank under the thickness of 12 mm is 4.623 x 10° Pa, and the maximum
stress occurs at the junction of the vertical wall and the inclined wall. By analyzing the
steel clarification tank with wall thicknesses of 8 mm, 10 mm, and 12 mm under anhy-
drous conditions and comparing the corresponding stress nephograms, it is evident that
the maximum stress values of the tank vary with different wall thicknesses in the anhy-
drous state. The peak stress is located at the junction between the vertical and oblique
wall plates of the tank. Specifically, the steel clarification tank exhibits the lowest max-
imum stress when the wall thickness is 8 mm, while the highest maximum stress occurs
when the wall thickness is 12 mm. This reveals that the wall thickness significantly
impacts the stress distribution within the steel clarification tank.

The stress calculation results of the clarification tank under the different wall thick-
ness are shown in Fig. 3.
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Fig. 3. Stress nephogram of clarification tank with different column wall thickness in full water

condition
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Fig. 3 reveals that when the wall thickness of the steel clarification tank is 8 mm and
it is full of water, the maximum stress reaches 9.283x10° Pa, occurring precisely at the
junction of the steel column and the tank support. For a 10 mm - thick wall, the maxi-
mum stress of the tank amounts to 1.042x107 Pa, also located at the connection between
the steel column and the tank support. When the wall thickness is 12 mm, the maximum
stress is 1.148%107 Pa, again at the same connection point. By analyzing the tank with
8 - mm, 10 mm, and 12 mm wall thicknesses under full - water conditions and compar-
ing their stress nephograms, it becomes evident that the stress levels of the steel clari-
fication tank vary with different wall thicknesses. The peak stress consistently appears
at the joint of the steel column and the tank support. Specifically, the minimum maxi-
mum stress occurs with an 8 mm wall plate, while the maximum maximum stress is
associated with a 12 mm wall plate.

It can be seen from Fig.4 that the thickness of the wall plate has a great influence on
the maximum stress of the steel clarification tank in full water condition. The thickness
of the wall plate has little effect on the maximum stress of the steel clarification tank in
the empty tank condition. It can be seen from the analysis of the nephogram that the
stress of the clarification tank increases with the increase of the thickness of the wall
plate in the anhydrous condition, and the stress of the clarification tank increases with
the increase of the thickness of the wall plate in the full water condition, and the change
of the maximum stress in the full water condition is more obvious.

No water
124 Full water

Maximum stress(MPa)

8mm 10mm 12mm

Fig. 4. Stress effect of water on clarification tank
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4.2  Displacement of the Clarification Tank Where Both The Internal and
External Tanks Have No Water

In the case of no water inside or outside the tank, the calculation results of the displace-
ment of the clarification tank under different wall thicknesses are shown in Fig. 5.
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Fig. 5. Displacement nephogram of the anhydrous condition clarified pool

Fig. 5 demonstrates that when the wall thickness of the clarification tank is 8 mm
under anhydrous conditions, the maximum displacement value reaches 7.89x1072 mm,
occurring precisely at the connection between the vertical and inclined wall plates of
the tank. With a 10 mm - thick wall, the maximum displacement of the tank is
7.574x1072 mm, also located at the junction of the vertical and inclined walls. For a 12
- mm - thick wall, the maximum displacement measures 7.306x1072 mm, again at the
same connection point. By analyzing the steel clarification tank with wall thicknesses
of 8 mm, 10 mm, and 12 mm under anhydrous conditions and comparing the corre-
sponding displacement nephograms, it becomes evident that the maximum displace-
ment values vary depending on the wall thickness. The peak displacement consistently
appears at the connection between the vertical and inclined wall plates of the tank. Spe-
cifically, the steel clarification tank exhibits the largest maximum displacement with an
8 mm thick wall plate and the smallest with a 12 mm thick wall plate. This indicates
that the wall thickness significantly influences the maximum displacement of the steel
clarification tank; notably, an increase in wall thickness leads to a decrease in the max-
imum displacement.

The calculation results of the displacement of the clarification tank under the thick-
ness of the wall plate are shown in Fig. 6.
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Fig. 6. Displacement nephogram of the clarification tank with water
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It can be seen from Fig. 6 that the maximum displacement of the steel clarification
tank under the condition of full water with a wall thickness of 8§ mm is 7.89 x 10> mm,
and the maximum displacement occurs at the connection between the vertical wall plate
and the inclined wall plate of the tank. The maximum displacement of the steel clarifi-
cation tank with the wall thickness of 10 mm is 7.574 x 102 mm, and the maximum
displacement occurs at the connection between the vertical wall and the inclined wall.
The maximum displacement of the clarification tank is 7.306 x 102 mm when the wall
thickness is 12 mm, and the maximum displacement occurs at the junction of the verti-
cal wall and the inclined wall. Through the analysis of the steel clarification tank under
the condition of full water with 8 mm, 10 mm and 12 mm wall thickness, and the com-
parison of the displacement nephogram of the steel clarification tank, it can be seen that
the maximum displacement of the steel clarification tank under different wall thickness
is different under the condition of full water.

The peak displacement is situated at the junction of the tank's vertical and oblique
wall plates. Among them, the steel clarification tank with an 8 mm - thick wall plate
exhibits the largest maximum displacement, while the one with a 12 mm thick wall
plate has the smallest maximum displacement. This indicates that the wall plate thick-
ness significantly impacts the maximum displacement of the steel clarification tank;
specifically, as the wall plate thickness increases, the maximum displacement of the
tank decreases. Fig. 7 illustrates the effect of water on stress.
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Fig. 7. Effect of water in the clarification tank on displacement

As can be seen from Fig. 7, the absence of the tank has little effect on the maximum
displacement of the tank. Through the displacement analysis of the clarification tank in
the case of different wall thicknesses, no water and full water, it is concluded that the
size of the displacement and the location of the clarification tank without water and full
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water is not related to whether there is liquid in the tank, and increasing the wall thick-
ness has an effect on the displacement value of the clarification tank.

5 Conclusions

(1)The maximum stress in the clarification tank increases with the wall thickness. In
the dry condition, the maximum stress occurs at the connection between the vertical
and inclined walls, while in the full water condition, it occurs at the connection be-
tween the steel column and the tank support

(2)As the wall thickness increases, the maximum displacement decreases. In both
the dry and full water conditions, the maximum displacement is largest at a wall thick-
ness of 8 mm and smallest at 12 mm.

(3)The stress in the full water condition is significantly higher than in the dry condi-
tion, but the presence of water has a minimal effect on the displacement.
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