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Abstract. The distribution of the wind flow has been studied and its effect on the stressed state of 
the shell of a steel vertical cylindrical tank. Variants of wind pressure were considered for one tank and for 
a group of tanks. Aerodynamic coefficients are obtained for the considered variants in the SolidWorks 
software package. A physical experiment on a reduced tank model in a wind tunnel was conducted to verify 
the coefficients obtained. The stresses in the tank shell were determined by the finite element method using 
the SCADOffice calculation complex. The result revealed differences normative distribution of wind 
pressure from the pilot for single tank and located in the band. The most unfavorable version of the 
distribution of wind pressure for the tank located in the group was determined. The stress-strain state of 
the tank shell is compared under the normative and experimental wind load for the most unfavorable 
variant. 

Аннотация. Изучено распределение ветрового потока и его влияние на напряженное 
состояние стенки стального вертикального цилиндрического резервуара. Рассматривались 
варианты ветрового давления на один резервуар и на группу резервуаров. Аэродинамические 
коэффициенты для рассматриваемых вариантов получены в программном комплексе SolidWorks. 
Для верификации полученных коэффициентов был проведён физический эксперимент на 
уменьшенной модели резервуара в аэродинамической трубе. Напряжения в стенке резервуара 
определялись методом конечных элементов при помощи расчётного комплекса SCADOffice. В 
результате выявлены отличия нормативного распределения ветрового давления от 
экспериментального для одиночного резервуара и находящегося в группе. Определён наиболее 
неблагоприятный вариант распределения ветрового давления для резервуара, находящегося в 
группе. Проведено сравнение напряженно-деформированного состояния стенки резервуара при 
нормативной и экспериментальной ветровой нагрузке для наиболее невыгодного варианта. 

1. Introduction 
To calculate wind loading on buildings there are several ways of defining aerodynamic 

characteristics with the use of analytical and experimental data. Accurate analytical decisions in the 
constructional aerodynamics embrace very limited tasking, because it is very difficult to obtain a clear 
mathematical model for aerodynamic processes, and that is why in most cases for new and complicated 
structures the research is conducted in the wind tube. This research is a reliable remedy for the process 
study of airflow of buildings, structures and their complexes. The computer simulation of airflow and defining 
basic aerodynamic characteristics for buildings and structures must be mentioned as one of the developing 
methods. 

The existing methods of wind load simulation on buildings and structures with the use of aerodynamic 
formulae were developed in the early 70-s in CNIISK named after Kucherenko on the base of works of A. 
Davenport and A. Vaisand realized in the SNiP II-6-74 [1]. In 1985 at publishing SNiP 2.01.07-85 [2] there 
were simplified the expressions describing the dynamic reaction of structures at wind effect. 
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The basic theoretical information on architectural-building aerodynamics, methods of defining wind 
loads on buildings and structures are represented in the works of J. D. Holmes, O. I. Poddaeva, A.S. 
Kubenin [3, 4]. The works of Ye. V. Gorokhov, M. A. Berezin [5, 6], are devoted to defining wind effects on 
buildings and structures in the wind tube. The works of R.I. Kinash, Yasushi Uematsu, Y.Zhao, Y.Zhang 
[7–12] describe the experimental simulation of interaction between the wind flow and engineering structures 
in the wind tube.  

The results of model experimental investigations of wind and snow loads on technically sophisticated 
large-span coverings with complex geometry are represented in the books of Ye.V. Gorokhov [13] and 
P.G. Eremeev [14]. Verification results and methods of computer simulation of wind influence on high-rise 
buildings are presented in the publications of S.A. Isaev, P.A. Vatin, P.A. Baranov [15–17]. 

The investigations of Ya. Jumpei, A. Moshida, Y. Tominaga, T. Shirasava [18–21] and others are 
devoted to the numerical simulation of wind effects. 

In spite of numerous works in the field of design, construction and exploitation of tanks some 
problems connected with the estimation and tank efficiency are still unsolved. Among them it is necessary 
to mention the following ones: 

− loads and effects on vertical cylindrical tanks for new types of roof coverings including slack 
membranous coverings have been understudied; 

− loads and effects on vertical cylindrical tanks within a group, in spite of the fact, that in most oil 
storage tanks such composition is predominant, have been understudied. 

2. Methods 
General methods used in the performance of all problems given in the report are: 

− calculus of approximations of constructional mechanics (method of finite-elements – MFE) with 
the use of universal program complexes “SCAD Office”; 

− method of physical simulation with the use of the similarity theory; 
− methods of mathematical statistics (while processing the results of experimental and numerical 

simulation). 
Additionally used calculus of approximations of finite volumes (MFV) of simulation of turbulent flows 

with the use of program complex “SolidWorks Flow Simulation”. 

3. Results and Discussion 
Taking into account the complexity, multi-faceted essence and volatility of results of numerical 

simulation in the environment of SolidWorks Flow Simulation of flow-around of the wind flow of the 4 tanks 
group, it has been performed the experiment in the wind tube of the Donbass National Academy of Civil 
Engineering and Architecture MAT-1. 

To define Reynolds number that is a similarity criterion during aerodynamic experiments, the test 
experiment has been conducted in the wind tube for the model of tank with a flat roof. 

To meet the requirements of the surface area of the projection of the experimental model to the 
surface area of the cross section of a work part of the aerodynamic tube ratio it must not exceed 3 % [5]. 
To take into account the actual size of building (according to the requirements of VBN the distance between 
tanks must be 0.5D, so, while composing the group of 4 tanks with the volume of 20 000m3 the total length 
is 100 m (see Figure ) and peculiarities of the work part arrangement of the wind tube MAT- 1 DonNACEA 
with the width 1 м, it has been chosen the model scale M = 1:320. 

According to the research plan of the wind tube MAT-1 DonNACEA the provision has been made for 
defining coefficients of the wind pressure (Cpi) in 49 supporting points on the model of the tank (Figures 1, 
2). During investigations it has been defined the dependence Срi=f(β) within the limits β = 0…360˚ in 
increments of Δβ = 10˚. The results have been represented by 6 areas of activity (β = 0˚, 45˚, 90˚, 150˚, 
180˚, 270˚). 

Figure 1 and Figure 4 demonstrate a physical model of a tank with a rounded spherical roof for which 
the investigation has been performed. 

In basic data of high-speed wind flow characteristics the value of Reynolds number is defined as: 

, (1) 
ν

)(Re ezUL ⋅
=
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where L is a diameter;  

ν is a kinematic air viscosity, ν = 1.5∙10-5 m2/s;  

U(ze) is a peack height of the wind speed, U(ze) = 14.9 m/s. 

Re ≈ 1.28·105. is a Reynolds number 

To estimate the drag of high-speed flow of wind it has been done the expulsion: 1) a model with a 
flat roof for a physical model with drain ports (Figure 2a); 2) for a model fixed on the triple-component 
aerodynamic tensometric balance (Figure 2b, 2c [22]); 3) the numerical simulation in SolidWorks Flow 
Simulation (Figure 2d). 

 
Figure 1. Scheme of the Tested Model of VCT with the Arrangements of the Horizontal Points 

 
Figure 2. Scheme of a Test Physical Model of VCT with a Flat Roof at Determining  

the Drag Coefficient 
Based on the research results for the model with a flat roof according to three techniques a graph of 

variation of drag coefficient with Reynolds number is made. 

 
Figure 3. Dependence of Drag Coefficient with Reynolds Number 
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Based on the results obtained by 3 techniques it was decided to conduct further experiment at 
Reynolds numbers (Re ≈ 1.28·105) 

where 1is a graph made on the values obtained in numerical simulation. 

2 is a graph made on the values obtained in experimental simulation in wind tunnel for the test 
drained model with a flat roof 

3 is a graph made on the values obtained in experimental simulations in wind tunnel for the test 
model with a flat roof set on the aerodynamic tensometric balance. 

In Figure 4 the scheme with sizes of arrangement and models installations on turntable with 
calibration is shown.  

Each cycle of the experimental purge (the given angle of attack, speed of wind flow) consisted of the 
following stages: start of wind wheel with the sixty-second normalization of speed of wind flow, 
measurement of static air pressure, its transformation to an electric signal, processing and display of the 
received results with the use of automatic highly productive information technology system “SCADA”. It 
consists of a pneumatic commutator with pressure units, the high-performance computer with the system 
of transformation of an analog signal in digital and also the corresponding switching equipment and 
electrical power supply. One polling cycle takes 1sec. During the cycle of measurements each of drainage 
points was read twelve times. In further processing the corresponding primary signals on each drainage 
point were averaged. After each turn of the examined model on Δβ = 10 ° the inquiry of the signal from 
each drainage point at zero speed of airflow was made, the so-called "0" was maintained, then the wind 
tunnel was started, and the speed of air was brought up to speed about 15 m/s, then speed was maintained 
not less than 60 s and drainage points were also read. 

 
Figure 4. Arrangement of the Group of Vertical Cylindrical Tanks 

Distribution of the aerodynamic coefficients on the shell of the VCT model for a single VCT with a 
spherical convex up roof, consisting of the group of 4 objects. The values for the 25 mm mark from the 
bottom of the model are given. 

 
Figure 5. Comparison of Distribution of Aerodynamic Coefficients on the Tank Shell in the Group 

with a Convex up Roof (an angle of attack of wind flow β=0-270 °) 
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where 1– the values obtained during the experiment in wind tunnel; 

2 – the values obtained in numerical simulation in SolidWorks Flow Simulation. 

Analyzing the obtained values we can conclude that the obtained results are qualitatively convergent. 

According to the obtained data of the comparative analysis of experimental, analytical and normative 
data the analytical model for calculation for single and VTC groups in Solid Works Flow Simulation for 
numerical simulation of aerodynamic processes was created. The main feature of this procedure was the 
determination of the size of the computer simulation of the component. A methodical approach providing a 
correct display of the physical processes of flow around the tank shell by wind flow (comparison of the 
results of experimental data and numerical studies ensure convergence within 15% for the main design 
cross-sections) is proposed. 

3.1. Statement of a Problem of Numerical Experiment: 
− to obtain the values of the aerodynamic coefficients for the separately standing vertical cylindrical 

tank represented as a circular cylinder with given initial geometric and thermodynamic 
parameters on a scale of 1:1 and compare it with the current normative documents, namely 
Eurocode [23]; 

− according to the obtained results in the form of coefficients of wind pressure on the shell of the 
vertical cylindrical tank to compare with the experimental data given in [22]; 

− to make final element model in the program complex SCAD Office c and to analyze stressed state 
for the isolated tank at wind load determined by a technique Eurocodes [23] and the load received 
as a result of numerical simulation in the program complex SolidWorks Flow Simulation 

− providing admissible convergence within 10-15% to execute calculation for the group of 4 vertical 
cylindrical tanks, to analyze stressed state for the tank which is affected by the most adverse load 
in the group. 

To solve the problems formulated above, verification calculation for a VCT model in the SolidWorks 
Flow Simulations software package was performed, the results of which are given in the article. 

Before determining the wind effect by means of computer simulation it is necessary to define all the 
variables which satisfy the purposes of this calculation which can be compared with the experiment. 

3.2. The Size of the Computational Domain 
From the experience of the research in wind tunnels it is considered that a structure with height H 

affects the distance to almost 10H. And as the test calculations of the Japanese Institute of Architecture 
show [18, 20, 24, 25], the size of the computational vertical area for isolated structures should be at least 
5H. When examining a group of objects, it is recommended to use a factor blocking, which is equal to the 
cross-sectional area ratio of the structure to the cross-sectional area of the computational area, the 
coefficient should not exceed 3 %. In our case, for the group with building height of 24.89 m ≈ 25 the 
percentage of blocking is 2.09 %. Width of the calculated area must also be set so that the blocking factor 
is less than 3 %. The distance along the flow to the structure must be at least 5H. And the distance behind 
the structure should be ≥ 15H. The following figure shows the domain scheme. 

 
Figure 6. Size of the Calculated Area for the Isolated Tank and in the Group of 4 Objects 
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3.3. The Choice of Boundary and Initial Conditions 
The profile of the average speed on the input is usually obtained in accordance with the requirements 

of normative documents. For our research, we took the profile of the average velocity vm(z), the turbulence 
intensity Iv(z), the integral turbulence scale L (z) according to formulas (8, 7, 12) according to Eurocode 
standards, because of the norms of Ukraine [26] and Russia [27], the energy of velocity pulsations is 
described by the Davenport spectrum, which does not take into account the dependence of the energy of 
turbulent wind pulsations on height and the integral longitudinal scale of turbulence assumes a constant 
value Lu(z) = 1200 m, the intensity does not appear explicitly in turbulence. 

We have followed the recommendations of A. Moshida, Y. Tominaga [18] from the Japanese Institute 
of Architecture when specifying the sizes of the finite elements mesh to solve the CFD tasks. The FE mesh 
resolution should be 1/10 from the lower structure in the group (approximately 0.5- 5m). 

The FE meshes ratio for sequential mesh systems should not exceed 3.4 [28]. 

The verification analysis in three-dimensional view of a test model (Figure 1) for Reynolds number 
based on the wind-tunnel testing has been made to determine the mesh size in CFD. 

Figures 7 and 8 illustrate the comparison graphs of aerodynamic factors for the shell of both an 
isolated tank and a tank in the group. 

 
Figure 7. Comparison of Aerodynamic Factors Graphs for an Isolated Tank 

 
Figure 8. Comparison of Aerodynamic Factors Graphs for a Tank in the Group 

The comparison of the obtained values of aerodynamic factors for an isolated vertical cylindrical tank 
presented in the form of a circular cylinder with preset initial geometrical and thermal properties in full scale 
(Eurocodes norms) has shown that they differ greatly in negative pressure environment by 50 %.  
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The analysis of the obtained aerodynamic factors for a tank in the group has revealed the most 
negative effect of the wind flow at the angle of attack of 45° for tank number II (see Figure 6). 

3.4. Simulation of Finite Elements Model of a Tank in SCAD Office 
The values of the wind load on the isolated tank and the tanks in the group are determined by means 

of SolidWorks Flow Simulation. Nevertheless, it is not available to assess the strain-stress state of the 
tanks resulting from the wind load by means of this program. It is a good practice to apply the finite elements 
method to assess the strain-stress state of the tanks. So far as there is little scope for a designer to use 
some program, this paper presents the setting of an actual wind load distribution by means of SCAD Office, 
the most available software system in CIS states. 

We shall consider the wind load distribution on the shell of a vertical cylindrical tank in the following 
instances: 

− the actual wind load distribution profile according to Eurocodes [23]; 

− the wind load on the isolated tank and the tanks in group based on the results of numerical 
simulation. 

3.5. Parameters of a Tank FE Model 
In numerical simulation in SolidWorks Flow Simulation the dimensions of tanks have been assumed 

according to the type design No. 704-1-70 in the volume of 20 000 m3 [29]. Therefore, the finite element 
model of a tank conforming to the type design dimensions has been made. The bottom is fixed rigidly in 
the entire area, the shell of the tank is hinged to the bottom, the support ring of the roof is assigned in 
parameters in the form of a rod having computed characteristics, the elements of a ribbed and circular 
dome are also assigned by the rods. The thickness of rings of the shells, bottom and plate are preset 
according to the type design [29]. The size of the finite element is set to 250 х 250 mm. With the further 
size reduction of FE the accuracy increases insignificantly, whereas both the complexity of designing and 
load setting increase greatly. Thus, the shell of a tank is to consist of 36072 finite elements. 

It is impossible to set non-linear load variations on a curved surface by means of the known quantity 
of load values for different points in SCAD system. It means that in order to set the wind load on tank’s 
curved surface, we have to calculate manually and set the load on each finite element separately. So far 
as the tank model consists of more than 96000 FE, it could take a few days to specify the wind load. The 
method of load specifying by means of a text file can be used as an alternative. The procedure for specifying 
the actual profile of wind load on the similar tank is described in the paper [30], for this reason we shall use 
the excerpts from it in the given paper, the process will not be detailed.  

3.6. Determining the Design Load Based on the Results of Numerical Simulation 
Profiles of wind load on the isolated tank and the tank within the group obtained by means of SolidWorks 
Flow Simulation have a complicated form. To transfer the given load on each FE, the table of load values 
on vertical cylindrical tank shells depending on design point location over the height and length of the circle 
has been formed. The vertical pitch equals 1m, the circumference pitch is 2° (0.696 m). Intermediate values 
are determined by double linear interpolation in MS Office Excel by means of macros. An example of the 
table for an isolated tank is given below (Table 1). 

Тable 1. Values of Wind Load on the Shell of an Isolated Tank 

 
Height of the Design Point, m 

0.01 1 2 … 15 16 17 17.9 

C
irc

um
fe

re
nc

e 
Pi

tc
h 

2°
 

=0
.6

96
 м

 

0 −336.985 602.378 554.547 … 847.6 791 628.4 −824 

0.696 −256.211 602.428 552.147 … 853.8 798.3 636.5 −820 

1.392 −266.838 602.342 544.477 … 847.6 792.9 644.5 −815 

… … … … … … … … … 
123.17 123.86 −537.288 602.8 … 834.11 779.53 632.56 −811.146 

123.86 124.56 −442.437 602.8 … 847.756 793.048 644.333 −815.617 

124.56 125.54 −336.985 602.4 … 853.772 798.247 636.201 −820.177 

125.35 123.86 −537.288 602.8 … 847.609 790.968 628.39 −823.84 
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Similar tables have been made for either of four tanks in the group at different angles of attack. For 
further strain-stress state analysis of tanks in the group the vertical cylindrical tank No. 2 (Figure 6) at the 
angles of attack of 0 and 45 degrees has been chosen based on comparison results of the tables. At these 
angles the wall of the vertical cylindrical tank No. 2 is affected by the most distinct wind load profile in 
comparison to that one affecting the isolated tank. 

Further on, three tables for determining the wind load on each finite element are made in MS Office 
Excel for the next task in SCAD: 

− the wind load on the isolated tank; 

− the wind load on tank No. 2 in the group (angle of attack is 0°); 

− the wind load on tank No. 2 in the group (angle of attack is 45°). 

Since the concept for such tables is absolutely identical, below is given an example of a table 
segment for one of the cases – the wind load on the isolated tank (Table 2). 

Table 2. Determining the Wind Load on each FE of the Shell of the Isolated VCT 

 

Notes to the Table: 

column 4 – the length of an arc from the 1-st FE till the design one over the circle length, m; 

column 5 – the value of wind load regardless of Се(z) factor, being defined by means of double 
interpolation according to Table 5inMSOfficeExcel; 

column 6 – the design value of wind load. 

3.7. Specifying the Load by Means of a Text File 
Wind loading procedure by means of a text file is described in full detail in the paper [30]. The 

principle of method consists in editing the file of a tank model, created in SCAD and saved in the form of a 
text. In a text file the designation of the load is entered manually, the parameters and values of the load for 
each element are copied. Thus, columns 7-12 and lines 1-36072 of Table 3 are used for the wind load on 
the isolated tank. To display the results of specifying the actual wind load profile, below are given two 
typical cross-sections of the wall (stacked to the bottom and the roof) made transversely (in the middle of 
the wall height) and length wise for four design diagrams under consideration (Figure 9–12): 

  
Figure 9. Wind Load in SCAD – Wind Load according to Eurocodes 

No. of 
element z, m Се(z) Arc 

length, m 
We, 

kN/m2 
We* Се(z), 

kN/m2 
Type of 

load Direction  Load value: 
No. of element   

1 2 3 4 5 6 7 8 9 10 11 12 
1 0.25 0.974 0.125 −0.207 −0.201 6 3  −0.201:1  / 
2 0.25 0.974 0.376 −1.813 −0.177 6 3  −0.177:2  / 
… … … … … … … … … … … … 

36071 17.88 3.32 125.29 −0.783 −2.598 6 3  −2.598:36071  / 
36072 17.88 3.32 125.54 −0.784 −2.6 6 3  −2.6:36072  / 
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Figure 10. Wind Load in SCAD – Experimental Wind Load on Isolated Tank 

 
Figure 11. Wind Load in SCAD – Experimental Wind Load on Tank No. 2 in the Group (Wind 0°) 

 
Figure 12. Wind Load in SCAD – Experimental Wind Load on Tank No. 2 in the Group (Wind 45°) 

So far as the wind load on the vertical cylindrical tank in the group has less peak values at the angle 
of attack of 0° than at the angle of 45° and coincides greatly with the wind load on the isolated tank, we 
shall use three design situations to make a strain-stress state analysis of the tanks: 

− the wind load according to Eurocodes [23]; 

− the wind load on the isolated tank based on the results of numerical simulation; 

− the wind load on tank No. 2 from the group of four tanks at the angle of 45°. 

3.8. Finite Element Analysis of the Shell Strain-Stress State at the Wind Load on 
Isolated Vertical Cylindrical Tank According to Eurocodes and Numerical 

Simulation Results 
The combination of the wind load and own weight with unity combination factors (1 х Wind + 1 х Own 

Weight) has been used to compare the strain-stress state of the tank at the wind load obtained according 
to Eurocodes and the load obtained by numerical simulation results. To give an outline of the strain-stress 
state of the vertical cylindrical tank’s shell resulting from the given loads, below is given the distribution of 
equivalent stresses in the tank’s shell according to maximum distortion energy theory (Figures 13, 14): 
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Figure 13. Equivalent Stresses in the Tank’s Shell at Wind Load according to Maximum Distortion 

Energy Theory Computed by Eurocodes 

 
Figure 14. Equivalent Stresses in the Isolated Tank’s Shell at Wind Load according to Maximum 

Distortion Energy Theory Computed by SolidWorks Flow 
For strain-stress state analysis two rings of vertical cylindrical tank No. 5 (half the height of the wall) 

and No. 8 (2/3 of the wall height) have been singled out. Since edge effects have little influence on the 
strain values in these rings, heavy wind loads are brought about. It is more relevant to present the 
comparison results in the form of a table (Table 3). 

Table3. The Strain-Stress State of the Isolated Vertical Cylindrical Tank 
No. of 
Tank 
Rings 

Design Load Ny= σ1 (+), MPa Ny= σ1 (−), 
MPa 

Nx=σ2 (+), 
MPa 

Nx=σ2 (−), 
MPa 

σe4(maximum 
distortion energy 

theory), MPa 

5 

According to 
Eurocodes 

1.872 2.863 4.400 2.947 3.967 

Numerical 
Simulation 2.166 3.173 5.138 3.149 4.148 

Variation% 15.74 10.84 16.79 6.86 4.57 

8 

According to 
Eurocodes 2.086 2.744 4.690 3.000 4.322 

Numerical 
Simulation 3.385 5.104 5.695 5.000 5.154 

Variation % 62.23 86.02 21.42 66.65 19.2 
 

Thus, according to the results of numerical simulation the largest deviation had been recorded in the 
upper ring of VCT of the shell. Minimum deviation is 21 %, maximum one is 108 %, in both cases stresses 
were great because of the wind load obtained by numerical simulation in Solid Works Flow. Considerable 
difference in upper rings can be explained by the disarrangement of wind flow in the area of roof joint with 
the shell, thus some part of the upper ring is under the influence of “breaking off wind load”. 

3.9. Finite Element Analysis of Strain-Stress State of the Shell at Unfavorable Wind 
Load on VCT, Consisting of a Group of 4 Objects 

As it was mentioned earlier, VCT No. 2 will be examined at the angle of wind of 45° as the most 
unfavorable one. As a whole the distribution of equivalent stresses according to the 4th maximum distortion 
energy theory is given in figure 15. 
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Figure 15 Equivalent Stresses according to the 4th Maximum Distortion Energy Theory on the 

Shell of VCT in the Group of Tanks Depending on the Load Obtained in SolidWorks Flow 
Below are given the values of occurring stresses in the 5th and 8th rings of the tank and the 

percentage-based comparison of these stresses deviations from the wind load according to the codes of 
the European Union and stresses occurring in an isolated tank under the influence of wind pressure 
obtained as a result of numerical simulation (Table 5).  

Table 5.Stress and Strain State of VCT Shell in the Group 

No. of 
tank ring Design load Ny= σ1 (+), 

MPa 
Ny= σ1 (−), 

MPa 
Nx=σ2 (+), 

MPa 
Nx=σ2 (−), 

MPa 
σe4(The 4th 

maximum distoration 
energy theory), MPa 

5 

VCT in group 1.922 1.026 5.705 4.147 5.870 

Difference from European 
code, % 2.67 179.04 29.67 40.73 47.97 

Difference from wind on 1 
VCT, % 12.73 209.27 11.02 31.69 41.51 

8 

VCT in group 2.485 1.120 6.082 5.024 6.199 

Difference from European 
code, % 19.11 145.05 29.68 67.46 43.41 

Difference from wind on 1 
VCT, % 36.20 355.83 6.8 0.49 20.27 

 

The analysis of comparative table shows, that stress and strain state of the shell of tank which is in 
the group differs greatly from stress and strain state of the shell of an isolated VCT. Thus maximum 
deviation of stresses makes 356%. In this case maximum stresses occur exactly in the case of wind load 
on VCT in group, though most part of the shell undergoes less stress than in two other examined cases. 

3.10. Discussion 
In this work, new results were obtained on the distribution of wind loads on the wall of a tank that is 

in a group of 4 reservoirs, which is not taken into account by the current design standards. The need for 
such an account is confirmed by the data of subsection 3.9. 

At the same time, these data are subject to discussion and can be considered as primary, to be 
clarified before introduction into the relevant regulatory documents, due to the following reasons, in our 
opinion: 

 

− the need to conduct a physical experiment on large models, 

− the need to conduct a numerical experiment with a larger range of tanks, ranging from 100 to 
30 000 m3; 

− the need to obtain generalized expressions for rationing the wind load on a group of tanks with 
varying parameters of the geometrical dimensions of the tanks, the shape of the roof, the distance 
between the tanks. 
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4. Conclusion 
1. In the shell of an isolated tank affected by the wind load according to the results of numerical 

simulation, in the middle and low rings the equivalent stresses differ not more than by 5 % from those 
according to Eurocode, in the upper tanks – by 20 %. The difference of upper ring stress and strain state 
has been caused by the fact that diagram of wind pressure according to the Eurocode for examined 
standard size of the tank because of the small values of occurring stresses, did not take into account break 
up lifting wind pressure in the area of roof and shell joint.  

2. Maximum values of stresses in the shell all of VCT in all examined cases of loadings, occur in 
tank No. 2 at wind attack angle of 45°. 

3. Stress and strain state of the shell under the effect of unfavorable wind load on VCT, which is in 
the group of 4 objects differs greatly from the stresses occurring in the shell of isolated VCT. On the whole 
peace loads of equivalent stresses differ by 48 % as compared to isolated VCT according to the Eurocode 
and by more than 41 % in comparison with isolated VCT according to the results of numerical simulation. 
Thus objects situated nearby influence greatly stress and strain state of the shell of VCT and it requires the 
development of the technique taking this fact into account. 
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