
 

Possible consequences of nonstationary loads 
on the durability of welded joints for low-alloy 
steel fittings 

L.N. Moskalev1* and S.I. Ponikarov1 

1 Kazan National Research Technological University, 420015 Kazan, Russia 

Abstract. Structural low-alloy steel grade 09G2S is used in almost all 

industries. This steel is known in many countries, for example: in the USA 

it is known as A 516-55, in Japan — SM41B, SB49. The use of this steel is 
due to its easy weldability by welding, increased strength and wear 

resistance, and a wide range of operating temperatures. These steels are 

suitable for the manufacture of various equipment, for example, heat 

exchange equipment, columns, reactors, tanks, pipe fittings, etc. It is known 
that such devices operate under pressure, therefore, the behavior of the 

welded joint with a simultaneous sharp pressure relief and temperature 

increase in the equipment is of particular interest. For example, in case of a 

fire on a sealed apparatus, the personnel will abruptly relieve the pressure in 
the apparatus. How will the weld behave? What can happen to this 
connection? 

1 Introduction 

Structural low-alloy steel of 09G2S grade is used almost in all industrial fields, and more 

especially in the chemical industry. This steel is known in many countries, for example: in 
the USA, it is known as A 516-55, A 516-60, A 516-65, A 561 Gr70; in Japan – as SM41B, 

SB49 [1-5]. The widespread use of these steel grades is due to easy weldability by all types 

of welding, good processing by cutting, increased strength and endurance, a wide range of 

operating temperatures from (minus) 70°C to (plus) 450°C and other advantages [6- 8]. The 

use of these steels is suitable for the manufacture of various types of equipment for many 

industrial fields, for example, vessel equipment and heat-exchange equipment, columns, 

reactors, tanks, pipeline fittings, etc. [9, 10] 

Nodes representing the intersection of cylindrical shells are often found in the design of 

apparatuses in chemical industry. Fittings for supplying or removing substances in vessels 

operating under excess or atmospheric pressure, under vacuum, in manifolds, in tanks have 

the above-mentioned construction. Thus, intersecting shells are applied in many fields of 

industry: oil, gas, chemical, energy, and so on [11]. Since hazardous chemicals (fire-
explosive and toxic) are used in chemical industry under elevated pressure, special attention 

is paid to the strength of the equipment [12-14]. Technological processes in chemistry and 

petrochemistry are impossible without high temperature or pressure exposure. Consequently, 
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the most important task in any production process is to ensure the safety of employees of the 

enterprise, third parties, and a long period of equipment operation, which affects the 

efficiency of the enterprise in general. [15-17] 

Such research works are of particular interest for industry, since during the operation of 

technological equipment, various dangerous situations can occur, for example, accidents or 

incidents connected with an intense increase in temperature, more specifically, fires near 
pressure vessels [17-22]. 

Permanent joints in the form of intersecting shells made by welding are used in equipment 

as fittings of various designs. It is known that any design change, for example, an abrupt 

transition of the thickness of the walls of the apparatus, the hole and its shape in the body of 

the apparatus, fittings are stress concentrators [23- 25]. These stress concentrators, depending 

on the type and conditions of loading, can lead to negative consequences both for the 

equipment and for the personnel servicing processing installations.  

Currently, there are many studies and international standards (ISO) in which there are 

methods for calculating the strength of “fitting – body of the apparatus” joints, but only 

according to one of the following conditions: either excess pressure or operating temperature 

in the apparatus. Moreover, there is a significant amount of research works and methods for 

calculating the equivalent strains formed in permanent “fitting – body of the apparatus” 
joints. The following calculation methods are known: finite element method, finite difference 

method, finite volume method, moving cellular automata method, boundary element method 

[26, 27]. Calculation of equivalent stress in the node of intersection of thin-walled shells by 

the finite element method (FEM) is the most commonly mentioned in literature sources. 

However, many researchers propose to apply the FEM under stationary conditions: either the 

effect of excess pressure or temperature in the apparatus [28-31]. The main and not very 

simple aim of such studies is to calculate the strength of shells under the simultaneous 

influence of various conditions in the areas where stress concentrators appear. The subject 

under consideration was studied by researchers [32]. However, having studied a number of 

research works, they did not reveal the issue of equivalent strains while heating the fitting 

and releasing the pressure in the operating apparatus in an abrupt way. Thus, the purpose of 

this study is to identify the strength characteristics of the welded joint in the “fitting – body 
of the apparatus” node under the simultaneous effect of nonstationary heating and release of 

excess pressure in the operating apparatus. 

Such situations connected with a sharp increase in temperature can occur very often, for 

example: 

1. Fire in the area where the fitting and the apparatus body are connected; 

2. Letting hot environment in the apparatus in an abrupt way; 

3. Penetration of the burning medium stream into the “fitting-body of the apparatus” in 

case of an accident.    

Therefore, the research of the mechanical characteristics of low-alloy and cold-resistant 

steel with a sharp removal of power loads and simultaneous heating of the permanent “fitting 

– body of the apparatus” joint is considered relevant. 

2 Research objective 

Descriptions of mathematical models for calculating equivalent strains in permanent joints 

of intersecting thin-walled shells using the finite element method are presented in literature 

sources [20, 21]. 
The analysis of the stress-strain state of the fitting node under the simultaneous effect of 

constant excess pressure while heating the fitting, by the finite element method, was carried 

out using models built in the SolidWorks-COSMOS (educational version) and ANSYS R17.0 

(educational version). The calculation results for this model turned out to be adequate and 
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logical. Therefore, the computer model described in literature sources was used for the 

calculation and analysis of the strength characteristics of the “fitting – body of the apparatus” 

under the interaction of temperature and power loads [13, 32]. 

3 Mathematical model and boundary conditions  

In this work, we have studied the strength characteristics of the “fitting – body of the 

apparatus”, that is, the fitting with different geometric characteristics (diameter, wall 

thickness) and body of the apparatus made of low-alloy cold-resistant steel with an inner 

diameter (D) which equals to 800 mm. 

The calculation and analysis were carried out according to the theory of the highest shear 
stresses under the conditions of sharp operating pressure release in the apparatus with the 

heating of the adjoining fitting. According to the theory of strength, a dangerous state of a 

material in a complex stress state occurs when the highest of the shear stresses reaches the 

value corresponding to the yield point in case of simple tension. In this study, tension / 

compression occurs, when the structure is exposed to temperature and force loading.  

The mathematical apparatus of this theory is built into the existing database of the 

ANSYS R17.0 software package. The geometric and grid model built in this software 

package for the connection under consideration is shown in the Fig. 1, 2. 

 

 

Fig. 1. Geometry of the “fitting – body of apparatus” node  Fig. 2. Geometry of the “fitting 

– body of apparatus” node  

The following geometrical parameters for the geometry of the “fitting – shoulder ring” 

node have been set:  

𝑑/𝐷; 𝑆1/𝐷; L =D/2; L/D; D/l 
where:  

D = 800 mm – shoulder ring diameter 
d / D = 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40. – diameter ratio of fitting and 

shoulder ring; 

L / D = 0.5. – ratio of length from the edge of the shoulder ring to the edge of the 

fitting and shoulder ring diameter; 

D / l - ration of shoulder ring diameter and stick-out length of fitting, where l = d; 

S1 / D = 0.01, 0.0125, 0.015. – ratio of shoulder ring thickness and its diameter; 

S1 / S2 = 3.00, 2.00, 1.00, 0.75. – ratio of shoulder ring wall thickness and fitting wall 

thickness. 
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“Fitting – body of the apparatus” node under excess pressure was heated by heat transfer 

from fitting pipe (l2 / 2) to fitting pipe (l1 / 2).  

Boundary conditions: 

- at the initial moment of time, the initial temperature of the apparatus body (T1) and the 

first half of the fitting pipe l1 / 2 (Fig. 1) was 20°С. The strain analysis time ranged from 0 

to 300 seconds. “Fitting - body of the apparatus” node’s characteristics:   
1. The temperature of the second half of the fitting pipe at the initial and final moment of 

the experiment does not change l2 / 2: 𝑡𝑙2
2⁄
= 600 °С; 

2. Thermal conductivity coefficient: k = 160 (Watt/mm2.К); 

Excess pressure in the “fitting – body of the apparatus” node: initial operating pressure = 

1,0 MPa, and later it decreased sharply until the condition of permissible strain is met at the 

pressure not exceeding the permissible strain of low-alloy steel (Table 1);  

Poisson’s ratio ν = 0.28; 

Thermal conductivity coefficient λ = 60,5 Вт/(м·K); 
Specific heat capacity с = 434 J/(kg·K). 

- physical and mechanical properties of steel, rolled steel thickness from 4 to 160 mm, 

depending on the temperature of metal presented in the Table 1 [8, 32]. 

Table 1. Physical and mechanical properties of low-alloy steel depending on temperature  

T, ºС 20 50 100 150 200 250 300 350 400 450 500* 550* 600* 

RT
p0.2, MPa 245 235 235 226 216 216 196 177 157 157 147.7 137.1 126.4 

RT
mt, MPa 432 432 432 432 432 432 432 432 432 392 362 334 304 

ET, hPa 210 207 205 202 200 197 195 190 185 180 179.4 176.1 172.9 

αT, µC -1 11.5 11.5 11.9 12.2 12.5 12.8 13.1 13.4 13.6 13.8 14.0 14.2 14.4 

[σ], MPa 196 188.9 177 171 165 162 151 140 122 71 53 49 42 

1,3[σ], 

MPa 
254.8 245.57 230.1 222.3 214.5 210.6 196.3 182 158.6 92.3 68.9 63.7 54.6 

[σ]RV, MPa 432 432 432 432 432 432 392 354 314 314 247.2 196.3 139.5 

* - calculated by approximation method; 

RT
p0.2– creep rupture strength of steel, MPa; 

RT
mt, – creep rupture strength of steel, MPa;  

ET – elastic coefficient of steel at design temperature, hPa; 
αT – linear expansion coefficient of steel, µC-1; 

[σ] – nominal permissible strain, MPa; 

[σ]RV – reduced strain range in equipment elements, MPa. 

The fact that changes in the mechanical characteristics of steel occur due to the influence 

of changes in the temperature of the walls of the “fitting – body of the apparatus” node with 

time was taken into account when calculating and analyzing the equivalent strains of the 

investigated node.  

4 Results and discussions  

Due to the simultaneous impact of excess pressure and temperature changing over time on 

the “fitting – body of the apparatus” node structure, the strain will change. Heating of the 

first half of the fitting pipe (l1 / 2) from the second half of the fitting pipe (l2 / 2) was carried 

out due to thermal conductivity (Fig.1, Fig.3). Based on the results of numerical simulation, 

we can see how the temperature distribution of the node under consideration changes. 
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Fig. 3. Heat transfer from the second half of the fitting pipe to the first half of the fitting pipe  

After the first 100 seconds, after the start of the numerical experiment, the temperature in 

the welded joint increased to 400°C. With an increase in the calculation time, the temperature 

of the steel fitting throughout its geometry (fitting pipes l1 / 2 and l2 / 2) increased, and 
approximately 250 seconds after the start of the numerical experiment, it approached the 

maximum temperature equal to 570°C. The dynamics of temperature changes (averaged 

values) of the “fitting – body of the apparatus” structure in the course of time, outside (point 

A) and inside (point B) Fig. 1, is shown in the Fig. 4 and Fig. 5.   

 

Fig. 4. Temperature change outside the “fitting – body of the apparatus” structure point A in the course 
of time 

  

Fig. 5. Temperature change outside the “fitting – body of the apparatus” structure point B in the course 

of time 
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1- DN=800 mm, S1 / D = 0.01, S1 / S2 = 1, l = d; 2- DN =800 mm, S1 / D = 0.01, S1 / S2 = 3, l = d; 

3- DN =800 mm, S1 / D = 0.01, S1 / S2 = 2, l = d; 4- DN =800 mm, S1 / D = 0.1, S1 / S2 = 0.75, l = d; 
5- DN =800 mm, S1 / D = 0.0125, S1 / S2 = 1, l = d; 6- DN =800 mm, S1 / D = 0.015, S1 / S2 = 1, l = d; 
7- DN =800 mm, S1 / D = 0.015, S1 / S2 = 3, l = d. 

Consequently, the equivalent strains occurring on the inner and outer sides (Fig.1) of the 

solid object will also change over time. 
The results of numerical experiments, in the ANSYS R17.0 software package, maximum 

values of the equivalent strains at the point of intersection of thin-walled shells with abrupt 

release of excess pressure in the apparatus are presented in the Table 2.  

The calculation of the maximum values of equivalent deformations at the intersection 

point of thin-walled shells was carried out according to the expression (1). When calculating 

a structure with different characteristics: 

- inner diameter of the unit D = 800 mm; 

- the ratio of the thinnest mesh of the device to the built - in diameter of the device S1 / 

D = 0.01÷0.0.15; 

- the ratio of the thinnest thread of the apparatus to the thinnest thread of the tutu S1/ S2 

= 0.75÷3.00. 

𝑚𝑎𝑥 = (|1 − 2|, |2 − 3|, |1 − 3|) (1) 

Table 2. Maximum values of equivalent strains at the point of intersection of thin-walled shells with 

abrupt release of excess pressure in the apparatus  

Title 
Intersection area 

(Fig.1) 

Ratio of fitting diameter and shoulder ring - 𝑑/𝐷 

0.10 0.15 0.20 0.25 0.30 0.35 0.40 

D = 800 mm.; S1 / D = 0.01, S1 / S2 = 0,75, l = d 

𝑡𝑙2
2⁄
, °С 600 600 600 600 600 600 600 

Excess pressure, MPa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

𝑡𝑙1
2⁄
, 

°С 

Outside, point A 400 390 390 80 80 75 80 

Inside, point B 390 390 390 80 80 75 80 

Heating time from the start of a numerical 

experiment, sec 
100 120 140 5 5 3 6 

t+р 
Outside, point A 130 100 85 130 120 133 190 

Inside, point B 180 150 160 155 157 195 186 

D = 800 mm.; S1 / D = 0.01, S1 / S2 = 1.00, l = d 

𝑡𝑙2
2⁄
, °С 600 600 600 600 600 600 600 

Excess pressure, MPa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

𝑡𝑙1
2⁄
, 

°С 

Outside, point A 352 352 395 450 450 450 90 

Inside, point B 352 352 395 460 460 460 90 

Heating time from the start of a numerical 

experiment, sec 
80 100 130 200 200 200 15 

t+р 
Outside, point A 130 95 99 100 185 108 200 

Inside, point B 182 150 145 138 158 140 168 

D = 800 mm.; S1 / D = 0.01, S1 / S2 = 2.00, l = d 

𝑡𝑙2
2⁄
, °С 600 600 600 600 600 600 600 

Excess pressure, MPa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

𝑡𝑙1
2⁄
, 

°С 

Outside, point A 360 380 395 370 370 370 370 

Inside, point B 360 380 395 390 390 390 390 

Heating time from the start of a numerical 

experiment, sec 
80 80 80 80 80 80 80 

t+р 
Outside, point A 190 175 190 195 200 210 225 

Inside, point B 248 245 240 240 260 270 277 

D = 800 mm.; S1 / D = 0.01, S1 / S2 = 3.00, l = d 

𝑡𝑙2
2⁄
, °С 600 600 600 600 600 600 600 
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Excess pressure, MPa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

𝑡𝑙1
2⁄
, 

°С 

Outside, point A 380 380 380 380 380 380 380 

Inside, point B 380 380 380 380 380 380 380 

Heating time from the start of a numerical 

experiment, sec 
80 80 85 80 80 80 75 

t+р 
Outside, point A 258 210 257 270 290 305 330 

Inside, point B 235 225 220 250 250 260 265 

D = 800 mm.; S1 / D = 0.0125, S1 / S2 = 1.00, l = d 

𝑡𝑙2
2⁄
, °С 600 600 600 600 600 600 600 

Excess pressure, MPa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

𝑡𝑙1
2⁄
, 

°С 

Outside, point A 90 320 290 360 355 50 50 

Inside, point B 80 320 300 360 355 50 50 

Heating time from the start of a numerical 

experiment, sec 
10 104 100 150 150 5 4 

t+р 
Outside, point A 135 100 108 137 138 128 132 

Inside, point B 130 154 150 132 121 137 148 

D = 800 mm.; S1 / D = 0.015, S1 / S2 = 1.00, l = d 

𝑡𝑙2
2⁄
, °С 600 600 600 600 600 600 600 

Excess pressure, MPa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

𝑡𝑙1
2⁄
, 

°С 

Outside, point A 360 360 350 290 250 40 40 

Inside, point B 340 370 350 350 390 40 40 

Heating time from the start of a numerical 

experiment, sec 
120 150 160 175 200 5 8 

t+р 
Outside, point A 115 110 94 120 100 92 118 

Inside, point B 230 195 150 120 110 118 110 

D = 800 mm.; S1 / D = 0.015, S1 / S2 = 3.00, l = d 

𝑡𝑙2
2⁄
, °С 600 600 600 600 600 600 600 

Excess pressure, MPa 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

𝑡𝑙1
2⁄
, 

°С 

Outside, point A 320 350 348 347 370 347 347 

Inside, point B 320 360 357 357 370 357 357 

Heating time from the start of a numerical 

experiment, sec 
100 120 120 120 130 125 125 

t+р 
Outside, point A 160 160 180 190 190 200 218 

Inside, point B 275 280 300 290 330 340 348 

 

The most significant results of numerical experiments are presented in the graphs of 

equivalent strain distribution (Fig.6, Fig.7): 

Outer point (point A – Fig.1) of intersection of thin-walled shells (Fig.6) at: D = 800mm 

S1 = 0.015D; S1/S2 = 3; l = d. 

Inner point (point B – Fig.1) of intersection of thin-walled shells (Fig.7) at: D = 800mm 

S1 = 0.015D; S1 / S2 = 3; l = d. 

It is known that the equipment parts of different industries of the “fitting – body of the 

apparatus” structure have different thicknesses, it means that most often there are designs in 

which the wall thickness of the fitting is much less than the thickness of the wall of the 

apparatus body. The results of numerical experiments (Table 2) demonstrated that the 
absence of reinforcement of the fitting holes of such structures, with a sharp removal of power 

load and constant heating of the fitting, increases the risk of exceeding the equivalent strains 

of the metal’s yield point. Consequently, it can lead to structural destruction. 
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Fig. 6. The highest equivalent strain in the course of time at the outer point of intersection of a thin-
walled shell (point A – Fig.1) 

 

Fig. 7. The highest equivalent strain in the course of time at the inner point of intersection of a thin-

walled shell (point B – Fig.1) 

Analyzing the graphs of the highest equivalent strains in the course of time at the internal 

and external points of the intersection of the thin-walled shell of the “fitting – body of the 

apparatus” structure (Fig. 6 and Fig.7), we can observe that if the excess pressure is released 

in an abrupt way, a strains (the so-called “peak strains”) in the welded joint increase rapidly. 

Such “peak strains” due to tension / compression exceed the permissible strain or yield 

strength of the metal, at which destruction of the whole structure is possible. However, in the 

absence of pressure release in the apparatus, the maximum strains did not exceed 240 MPa; 

therefore, similar curves shown in the Fig. 6 and Fig.7 did not have sharp “peak strains”. In 

other words, there was no sharp change in “peak strains”, and the slow decrease of these 
strains was observed.  

 
 

 

, 02017 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248402017 84

8

RETRACTED



According to the data from numerical experiments (Table 2), it can be seen that under the 

influence of heating and sharp decrease of pressure in the apparatus the equivalent strains 

depend on the wall thickness of the fitting fixed in the body of the apparatus.  

5 Conclusion 

1. Equivalent strains while heating the fitting and releasing the excess pressure in the 

apparatus in an abrupt way reach maximum values 40-60 seconds after the start of 

heating the fitting; 

2. An abrupt release of pressure while heating the fitting can lead to the destruction of the 

welded joint; 
3. The use of hole reinforcement for fittings will lead to a significant reduction in the 

equivalent strains of a deformable solid; 

4. Equivalent strains in a solid depend on the wall thickness of the fitting. When the wall 

thickness becomes equal to or greater than the wall thickness of the apparatus body, the 

values of the equivalent strains do not exceed the yield strength or nominal permissible 

strains; 

5. In case of changes in the wall thickness of the “fitting – body of the apparatus” structure, 

significant changes in strains at the intersection of thin-walled shells are observed – this 

fact should be taken into account in the process of equipment element design and 

calculation. 

6. The obtained results are recommended for use in: 

- mechanical calculation and design of welded joints of fitting nodes for the chemical, oil, 
energy and other industries; 

- prediction of the consequences of accidents in the chemical, oil, energy and other 

industries. 

7. To reduce (or prevent) the “peak values” of equivalent strains in the “fitting – body of 

the apparatus” structure, we recommend not to release the operating excess pressure 

quickly in the event of sharp heating in the operating apparatus. 
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6 Conflict of interest 

☒ The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

 ☐ The authors declare the following financial interests/personal relationships which may be 

considered as potential competing interests: 

References 

1. Standard Specification for Pressure Vessel Plates, Carbon Steel, for Moderate- and 

Lower-Temperature Service. Designation: A 516/A 516M - 01. COPYRIGHT ASTM 

International Licensed by Information Handling Services 

2. https://www.steel-plate-sheet.com/Steel-plate/ASTM/ASTM-A37-RCI-A-285-Gr-CA-

414-Gr-C-A-516-Gr-55.html 

3. JIS G 3141 G 2021 Commercial Cold Rolled SPCC Steels. Material Grades 

4. Largest resource for free steel grade properties data. https://www.steel-

grades.com/Steel-Grades/Carbon-Steel/SM41B.html (2021) 

 
 

 

, 02017 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248402017 84

9

RETRACTED



5. Capus Joseph G, Metal Powder Repor 72(1), 17-21 (2017) 

6. A.A. Lashchinskii, A.R. Tolchinskiy, Mechanical Engineering 12-18 (1970) 

7. Zhuravlev V.N. and Nikolaeva O.I., Mechanical Engineering 214-221 (1981) 

8. Normy rastcheta na prothnost oborudovania i truboprovodov atomnyh energetitcheskih 

ustanovok Gosatomenergonadzor USSR (Moscow, Energoatomizdat) 

9. Shijian Yuan, Engineering Journal 7(3), 358-366 (2021) 

10. Xing Ji, Song Daiyong, Wu Yuxiang, Engineering Journal 2(1), 79-87 (2016) 

11. ASTM A516 / A516M - 17 Standard Specification for Pressure Vessel Plates, Carbon 

Steel, for Moderate- and Lower-Temperature Service 

12. Kyeong Mo Hwang, Lee Woo, Tae Eun Jin, Kyung Hoon Kim, 

Nuclear Engineering and Design 238(1), 25-32 (2008) 

13. Nguen Wang An, Moskalev L N, Ponikarov S I, Chernye Metally 8(1076), 38-43 

(2021) 

14. Enqi WuYu, ZhaoBing, ZhaoWeipu Xu, International Journal of Hydrogen Energy 

46(59), 30412-30422 (2021) 

15. Yong Liu, Ping Wang, Hongyuan Fang, Ninshu Ma, 

Journal of Manufacturing Processes 69, 532-544(2021) 

16. Ortiz-Espinozaa Andrea P., et.al, Process Safety and Environmental 

Protection 148, 225-236 (2021) 

17. Chao Chen and Genserik Reniers, Safety Science 128, 225-236 (2020) 

18. Egidijus Rytas Vaidogas, Process Safety and Environmental Protection 154, 189-201 

(2021) 

19. Scarponi Emrys Giordano, et.al, Journal of Loss Prevention in the Process Industries 

61, 160-173 (2019) 

20. Reinders J.E.A., Velthuis J.F.M., Spruijt M.P.N., Journal of Loss Prevention in the 

Process Industries 57, 55-60 (2019) 

21. Manu C.C., Birk A.M., Kim I.Y., Engineering Failure Analysis 16, 1141-1152 (2009) 

22. Fujio Abe, Engineering Journal 1(2), 211-224 (2015) 

23. Myneni Manoj, et.al, Mechanics of Materials 2, 1-45 (2021) 

24. Mizzi Luke and Spaggiari Andrea, International Journal of Pressure Vessels and Piping 

194(A), 125-131 (2021) 

25. Nie G.J. and Batra R.C. Thin-Walled Structyres 144, 1-12 (2019) 

26. ISO 16528-1:2007, NEQ. Boilers and pressure vessels — Part 1: Performance 

requirements 

27. ISO 16528-2:2007, NEQ. Boilers and pressure vessels — Part 2: Procedures for 

fulfilling the requirements of ISO 16528-1 

28. Skopinsky V N , Berkov N A, Vozhova N V, Mechanical Engineering and engineering 

education 51(3), 50-57 (2011) 

29. Skopinsky V N , Berkov N A, Smetankin A. B., Mechanical engineering and 

engineering education 47(2), 34-45 (2007) 

30. Gwaltney R., et.al, Journal of Pressure Vessel Technology 98(4), 283-290 (1976) 

31. Xue L., Widera G.E.O., Sang Z., Journal of Pressure Vessel Technology 132(3), 31203 

- 31209 (2010) 

32. Nguyen V. A., et.al,  Vestnik of the Technological University 22(7), 144-146 (2019) 

 
 

 

, 02017 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248402017 84

10

RETRACTED

https://www.sciencedirect.com/science/article/pii/S0925753520301387#!

	1 Introduction
	2 Research objective
	3 Mathematical model and boundary conditions
	4 Results and discussions
	5 Conclusion
	6 Conflict of interest
	References



