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Abstract: This paper describes an analytical way of comparative evaluation of the stiffnesses 

developed in assemblies with flat ring flanges, of optional type, welded to the cylindrical 

body of a pressure vessel. Based on the theory of the compatibility of deformations (radial 

displacements and rotations), the mathematical expressions necessary for the evaluation of 

the unitary radial bending moments and the unitary shearing forces of connection are 

established. With their help, the values of the rotation angles of the rings can be calculated 

and compared with the admissible ones. The present analysis considers the quantitative effect 

of the deformed gasket and the stiffness of the curved/bent screws on the tightness of the 

system. The methodology is flexible by introducing some selection factors, so that the 

mentioned influences can be easily separated and compared. 
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1. INTRODUCTION 

 

The complexity of industrial process equipment, used for the processing of various substances, has raised great 

problems in the way of scientific research, their design, manufacture and transportation, generally with large 

masses and dimensions. The configuration of the above problem includes dynamic or static seals (flat or necked 

ring flanges [1 – 13], respectively ring flanges with radial ribs [14 – 18], tightened with screws, clips or clamps 

[19, 20, 21], with flat or lenticular ring gaskets [22, 23], respectively without gaskets [24, 25]. 

 

Choosing the material of a sealing gasket is a difficult problem because it must meet a series of extremely important 

conditions such as: a) stability at operating temperature, pressure and chemical and mechanical aggressiveness of 

the working environment; c) to show resistance to friction and wear; e) to deform elasto-plastically, when the 

gasket is tightened, to completely fill the microasperities of the sealing surfaces. 

 

The loss of tightness of a flanged assembly can occur if: a) there is no correct correlation between the state of the 

sealing surfaces and the tightness of the gasket during the assembly phase; b) the value of the remaining sealing 

pressure during exploitation is not higher than the value of the regime pressure; c) loosening or creep of the gasket 

and/or the screws (studs) is manifested; d) there are unwanted changes in the material structure of the assembly 

 
 Corresponding author, email: melaniaco171@gmail.com                                                       doi.org/10.29081/jesr.v29i1.003  
© 2023 Alma Mater Publishing House 
 
 

mailto:melaniaco171@gmail.com
https://doi.org/10.29081/jesr.v29i1.003


Journal of Engineering Studies and Research – Volume 29 (2023) No. 1                                       25 

 

 

components and, in particular, the degradation of the gasket material. In this sense, the study of flange assemblies 

can be carried out taking into account static and/or dynamic loads, simple or combined (pressures, temperatures, 

transient regime, fatigue, creep, earthquake) [26-28], as well as corrosive aggressiveness and/or erosive for 

metallic construction materials or non-metallic (polymeric or composite). An essential role in confirming the load-

bearing capacity of flanged assemblies is played by experimental works to determine resistance, rigidity and 

tightness. The established mathematical expressions clearly show the effect of the stiffness of the assembly on the 

tightness, which is why a smaller size of the ring diameter is required, simultaneously with the increase of its 

thickness, but also the increase of the number of tightening screws. All the previously mentioned elements have 

in mind, at the same time, ensuring a safe operation. 

 

The topic presente in this paper is the way of evaluating the angular deformation of the ring of such flat ring flange 

under the action of static loads (internal pressure, temperature and gasket pressing pressure, friction developed 

when the gasket moves outward). The values obtained can determine the worst case situation in which constructive 

measures can be adopted to increase the rigidity of the construction. 

 

 

 
Fig. 1. Flat ring flanges, type A (dimensional 

characteristics – scheme) [13, 29]. 

Fig. 2. Separation (hypothetical) of the elements of the 

assembly with flanges (scheme): 

1 – cylindrical shell adjacent to the flange ring; 2 – 

flange ring; 3 – cylindrical shell (vessel body) [13, 

29]. 

 

 

2. STUDY HYPOTHESES  

 

In the following analysis the simplifying hypotheses specified in detail in the works [13, 29] are taken into account, 

of which the essential ones are noted: 

1. The cylindrical shell adjacent to the flange ring (of constant thickness throughout the radial extension) is 

considered to have the length (Figure 1) h 1.77c s c m c cD      and constant thickness (hc - the height of 

the wall of the cylindrical shell, adjacent to the flange ring, mm; s cl - half wave length, mm; c −  the wall 

thickness of the cylindrical shell, mm; m c i cD D = + −  the average diameter of the wall of the cylindrical 

shell, mm; iD −  the inner diameter of the cylindrical shell, mm); 

 

2. The effect of the welding cords for fixing the cylindrical ferrule with the flange ring on the general state of stress 

is neglected; the construction material of the cylindrical shell and the flange ring is considered homogeneous, 

continuous and isotropic, required in the elastic field; 

 

3. Deformation of the rings in the radial direction and their rotation, according to the accepted hypothesis, is 

performed in a monobloc configuration; the effect of the screw holes on the rigidity of the flange ring is neglected; 

 



Journal of Engineering Studies and Research – Volume 29 (2023) No. 1                                       26 

 

 

4. The angle of rotation of the flange ring is conditioned according to the values of the internal connection loads 

(
( ) ( )
0 0,

v v

j jM Q ( v  - the study option 1,2,3 ;v =  1, 2 , 3j =  - Figure 2), along with the effect of external loads, 

as well as the unitary resisting force manifested in the tendency to expel the gasket [13, 30], the unitary, resistive 

bending moment, mg by the eccentric compression of the gasket, respectively the unitary, resistant bending 

moment, ms, developed due to the curvature of the screws [14 -17]; all are related to the circumference accepted 

for the analysis (study variant); unitary cutting forces from the upper part 
( )
0 1

v
Q  and from the lower part 

( )
0 2

v
Q  of 

the flange ring is transferred to the middle level of the ring attaching the corresponding unit bending moments 
( )
0 10,5

v

fh Q  and
( )
0 20,5

v

fh Q  . 

 

5. The present study considers three variants of analysis for evaluating the rotation of the flange ring: 

- Variant 1 – rotating the flange ring around its median circumference; 

- Variant 2 - rotating the flange ring around its inner (median) circumference; 

- Variant 3 - rotating the flange ring around the circumference of the centers of the screw holes (at the level of the 

middle surface of the ring); 

 

6. Therefore, the expressions of the analyzed flange ring rotations are presented in the following forms: 

 

Variant 1:  

 

( )

( ) ( ) ( ) ( )

( )

1 1 1 1

01 01 0 2 0 2

1

21

2

2 2

1
;

2
_

i f i f

f f

m f m f

m f m f m gg

s m f s gf g f g

f g f s f g f s

D D
h Q M h Q M

D D

D D D Dk
P D D P P

h c h c



 

 
 −   −  +   − 

 
=   − − − +   

  + −  −    
    −   +      

          (1) 

 

( ) ( )
3

3 3 4

1

ln
;

6 48 16

s
f f e f i f g g e g i gm g g ss s s

g

m g m f g s m f

E h D D E c D DD E n d k
k c c

D D h l D


 

    −   
= +   + 

   
              (2) 

 

Variant 2: 

 

( )

( ) ( ) ( ) ( )

( ) ( )

22 2 2 2

01 01 0 2 0 2 22

2

21
;

2

i f

f f f g

f g f s

g
f g

s i f s m g i f f g f s g

D D
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h c
k

D D P D D h c P





 − − 
  −  −  + −  + 

 −   =   
  
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           (3) 
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( )
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48
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g
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i f e f i f g
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E c D D cD D D
k

D D D h

E n d k c l D



 


    −  
 =  −  −   +  + 
     
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Varianta 3: 

 

( )

( ) ( ) ( ) ( )

( ) ( )

1 1 1 1

01 01 0 2 0 23

3

2 2

2 21
;

2

i f i f i f i f

f f

s s s s
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( )3 34

3

3

1
;

16 48

gs
g g m g e g i gs s s

g

f s s g s

E c D D D cn E d c
k

k D h D


   −   

= + +
   

                               (6) 

 

( )
( ) ( )

32

3 2 2

3 3

1 1
;

2 1 1

f f D f

f s

D f D f f f i f

k D
D

  

  

− + + 
= 

  −  −  
3 .D f s i fD D =                     (7) 

 

The following notations were used in the previous equations: , , , , , ,e f i f e g i g m f m g sD D D D D D D −  the 

inner diameter of the flange ring, respectively the outer one; the outer diameter of the gasket for sealing, 

respectively the inner one; the average diameter of the flange ring; the average diameter of the gasket for sealing; 

the diameter of the circumference of the centers of the screw holes mm; Ec, Ef, Eg, Es - the modules of longitudinal 

elasticity of the materials of the cylindrical shell, of the flange ring, of the sealing gasket, respectively of the screws 

material, N/mm2; ( )2f g f g gF P P=  +  - unitary friction force between flange ring and sealing gasket, N/mm; 

Ps - the force developed in the screws of the flange assembly, in different operating conditions, N; 
sP  - the 

existing unit force on the diameter circumference Ds, N/mm; P2 - the force developed by the internal pressure of 

the working environment, between the outer diameter of the cylindrical shell and the average diameter of the seal, 

N; 2P −  the existing unitary force on the area between the outer diameter of the cylindrical shell and the average 

diameter of the gasket, N/mm; gP −  the force developed across the width of the seal gasket, N; gP −  the 

unitary force developed across the width of the seal gasket, N/mm; f −  cylindrical bending stiffness/rigidy of 

pressure vessel body, N/mm; gc  - the “reduction” coefficient of the initial gasket width, which can be chosen 

considering recommendations from the literature; c ,  c ,  cg s f g

   - factors that allow to easily determine the 

influences of "resistant" loads on the deformation of the flange ring (when the mentioned factors take values equal 

to unity, the influences are present; when the values are zero, the respective influences disappear); ds - the 

calculated diameter of the joint screws, mm;hf, hg -  the thickness of the flange ring and the thickness of the gasket 

for sealing, mm; kg1, kg2, kg3 - values dependent on the influence of unit bending moments produced by the presence 

of the flange ring, the screws or the gasket compressed eccentrically, 1/N; ls -  the calculation length of the screws, 

mm; ns - the number of assembly screws; f - the coefficient of transverse contraction (Poisson) of the material of 

the flange ring; fg - coefficient of friction between the gasket for sealing and the flange ring; 
( )v

 −  the angle of 

rotation of the flange ring ( )1, 2, 3v = , calculated in the adopted study version (it is easy to see that the maximum 

value of the angle of rotation of the flange ring is when 0s gc c = = , that is, when the effects of unit bending 

moments are neglected sm and gm ). 

 

 

3. ANALYTICAL STUDY. CONNECTION LOADS 

 

To obtain the expressions of the unitary bending moments of the connection 
( )
0

v

jM  and unitary forces of 

connection 
( )
0

v

jQ , the assembly is broken-down  into its component elements (Figure 2). In this sense, the 

compatibility equations of the deformations (radial displacements and rotations) between the previously mentioned 

elements are written: 1 – 2 (up), 1 – 2 (down) 1 (down) – 3, resulting in the algebraic system written in the form: 

 

 ( ) ( )  ( ) v v v

l lA S T   =
 

,                                                         (8) 

 

in which: 
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( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

11 1 2 1 6

21 2 2 2 6

61 6 2 6 6

v v v

v v v

v

v v v

a a a

a a a
A

a a a

 
 
 

  =   
 
 
 

,                                                     (9) 

 

represents the matrix of influencing factors 
( )v

i ja  ( 1, 2, 3 ; 1, , 6 ; 1, , 6v i j= = = ); the transposed vector 

of the connection load: 

 

 ( )  ( ) ( ) ( ) ( ) ( ) ( ) 01 01 0 2 0 2 0 3 0 3

v v v v v v v T

lS Q M Q M Q M= ;                        (10) 

 

transposed vector of free terms (radial displacements and rotations under the action of external loads - pressure, 

temperature)  - 
( )v

jb  ( 1, 2, 3 ; 1, , 6v j= = ): 

 
( )  ( ) ( ) ( ) 1 2 6

v v v v T

lT b b b= .                                        (11) 

 

From equality (8) the way of evaluating the values of the unknowns of the present problem - unitary shear forces 
( )v

o jQ  ( 1, 2,3 ; 1, 2,3j v= = ) and unitary bending moments 
( )
0

v

jM ( 1, 2,3 ; 1, 2,3j v= = ) is deduced- written 

in the form: 

 

 ( )  ( ) ( ) 1v v v

l lS A T− = 
 

 ,                                                  (12) 

 

where ( ) 1v
A − 

 
 represents the inverse of the ( )v

A 
 

matrix, whose determinant has a value other than zero. 

 

The expressions of the influencing factors, different for the three study variants, are presented in the following 

forms: 

 

Variant 1: 

 
( ) ( ) ( ) ( ) ( )1 13 2 2

11 1 1 12 12 4 ; 2q c c w f f i f g m f m c ca f k k h D k D a f k=   − −    =   +  

( )12 ;f i f g m fh D k D+   
( ) ( ) ( ) ( )1 3 2

13 12 4 ;q d c c c w f f i f g m fa f h k k h D k D=   − +     

( ) ( ) ( ) ( )1 2

14 12 2 ;m d c c c f i f g m fa f h k h D k D=   −      
( ) ( )1 2

21 2 3 2q c ca f k= −   −  

( )12 ;f i f g m fh D k D−   
( ) ( ) ( )1

2 2 2 1 ;m c c i f g m fa f k D k D= −  +   

( ) ( ) ( ) ( )1 2

2 3 12 2 ;q r c c c f i f g m fa f h k h D k D=   +   
( ) ( ) ( )1

2 4 2m r c c ca f h k=   −  

( )1 ;i f g m fD k D− 
( ) ( ) ( ) ( )1 3 2

31 12 4 ;q d c c c w f f i f g m fa f h k k h D k D=   − +     

( ) ( ) ( ) ( )1 2

3 2 12 2 ;m d c c c f i f g m fa f h k h D k D=   −   
( ) ( )1 3

3 3 1 2q c c w fa f k k=   − −  

( )2

14 ;f i f g m gh D k D−   
( ) ( ) ( )1 2

3 4 1 12 2 ;m c c f i f g m fa f k h D k D=   +     

( ) ( ) ( ) ( )1 2

41 12 2 ;q r c c c f i f g m fa f h k h D k D= −   −   
( ) ( ) ( )1

4 2 2m r c c ca f h k= −   +  

( )1 ;i f g m fD k D+ 
( ) ( ) ( )1 2

4 3 2 3 12 2 ;q c c f i f g m fa f k h D k D=   +     

( ) ( ) ( )1

4 4 2 1 .m c c i f g m fa f k D k D=  −                                           (13) 
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Variant 2: 

 
( ) ( ) ( )2 3 2

11 1 22 4 ;q c c w f f ga f k k h k=   − − 
( ) ( ) ( )2 2

12 1 22 2 ;m c c f ga f k h k=   +   

( ) ( ) ( ) ( )2 3 2

13 22 4 ;q d c c c w f f ga f h k k h k=   − +   

( ) ( ) ( )2 2

1 4 2m d c c ca f h k=   + ( )22 ;f gh k+   

( ) ( ) ( )2 2

21 2 3 22 2 ;q c c f ga f k h k= −   −   

( ) ( )2

2 2 2 21 ;m c c ga f k k= −  +  

( ) ( ) ( ) ( )2 2

2 3 22 2 ;q r c c c f ga f h k h k=   +   

( ) ( ) ( )2

2 4 22 1 ;m r c c c ga f h k k=   −  

( ) ( ) ( ) ( )2 3 2

31 22 4 ;q d c c c w f f ga f h k k h k=   − − 

( ) ( ) ( ) ( )2 2

3 2 22 2 ;m d c c c f ga f h k h k=   +   

( ) ( ) ( )2 3 2

3 3 1 22 4 ;q c c w f f ga f k k h k=   − + 
( ) ( ) ( )2 2

3 4 1 22 2 ;m c c f ga f k h k=   +   

( ) ( ) ( ) ( )2 2

41 22 2 ;q r c c c f ga f h k h k= −   − 
( ) ( ) ( )2

4 2 22 1 ;m r c c c ga f h k k= −   +  

( ) ( ) ( )2 2

4 3 2 3 22 2 ;q c c f ga f k h k=   + 
( ) ( )2

4 4 2 21 .m c c ga f k k=  −                (14) 

 

Variant 3: 

 
( ) ( ) ( )3 3 2

11 1 32 4 ;q c c w f f i f g sa f k k h D k D=   − −   
( ) ( )3 2

12 1 2m c ca f k=   +  

( )32 ;f i f g sh D k D+   
( ) ( ) ( ) ( )3 3 2

13 32 4 ;q d c c c w f f i f g sa f h k k h D k D=   − +     

( ) ( ) ( ) ( )3 2

14 32 2 ;m d c c c f i f g sa f h k h D k D=   −   
( ) ( )3 2

21 2 3 2q c ca f k= −   −  

( )32 ;f i f g sh D k D−   
( ) ( ) ( )3

2 2 2 3 ;m c c i f g sa f k D k D= −  +   

( ) ( ) ( ) ( )3 2

2 3 32 2 ;q r c c c f i f g sa f h k h D k D=   +   
( ) ( ) ( )3

2 4 2m r c c ca f h k=   −  

( )3 ;i f g sD k D− 
( ) ( ) ( ) ( )3 3

31 32 4 ;q d c c c f i f g sa f h k h D k D=   +     

( ) ( ) ( ) ( )3 2

3 2 32 2 ;m d c c c f i f g sa f h k h D k D=   −   
( ) ( )3 3

3 3 1 2q c c w fa f k k=   − −  

( )2

34 ;f i f g sh D k D−   
( ) ( ) ( )3 2

3 4 1 32 2 ;m c c f i f g sa f k h D k D=   +     

( ) ( ) ( ) ( )3 2

41 32 2 ;q r c c c f i f g sa f h k h D k D=   −   
( ) ( ) ( )3

4 2 2m r c c ca f h k= −   +  

( )3 ;i f g sD k D+ 
( ) ( ) ( )3 2

4 3 2 3 32 2 ;q c c f i f g sa f k h D k D= −   +     

( ) ( ) ( )3

4 4 2 3 .m c c i f g sa f k D k D=  −                                  (15) 

 

The similar forms of the expressions of the influence factors, for the three comparative variants ( 1, 2, 3v = ), 

have the configuration: 

 
( ) ( ) ( )3

15 2 ;
v

q d c c ca f h k=  
( ) ( ) ( )2

16 2 ;
v

m d c c ca f h k=  
( ) ( ) ( )2

2 5 2 ;
v

q r c c ca f h k=    

( ) ( ) ( )2 6 2 ;
v

m r c c ca f h k=   ( ) ( )3

3 5 1 2 ;
v

q c ca f k=  
( ) ( )2

3 6 1 2 ;
v

m c ca f k=    

( ) ( )2

4 5 2 3 2 ;
v

q c ca f k=  
( ) ( )4 6 2 ;

v

m c ca f k=  ( ) ( ) ( )3

51 2 ;
v

q d c c ca f h k=    
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( ) ( ) ( )2

5 2 2 ;
v

m d c c ca f h k=  
( ) ( )3

5 3 1 2 ;
v

q c ca f k=  
( ) ( )2

5 4 1 2 ;
v

m c ca f k=    

( ) ( ) ( )3

5 5 1 1 2 ;
v

q c ca f k= −  
( ) ( ) ( )2

5 6 1 1 2 ;
v

m c ca f k= +  
( ) ( ) ( )2

61 2 ;
v

q r c c ca f h k= −    

( ) ( ) ( )6 2 2 ;
v

m r c c ca f h k= −   ( ) ( )2

6 3 2 3 2 ;
v

q c ca f k=  
( ) ( )6 4 2 ;

v

m c ca f k=   

( ) ( ) ( )2

6 5 2 31 2 ;
v

q c ca f k= +  
( ) ( ) ( )6 6 21 .

v

m c ca f k= +                       (16) 

 

On the other hand, the relations for estimating the free terms (radial displacements - 
1 3 5, ,b b b  and rotations - 

2 4 6, ,b b b ) are used expressions: 

 

Variant 1: 

 

( ) ( )

( ) ( ) ( )

2
21 1

1 3 22 2

1

2 0,5
8 4

;
i f

m ffi c i
c m c c f g

c c m c g f g f

f g

s m f s m f m g f g f g f D D

D Dhp D
b b D T P

k D k h c

D D P D D h c P R T











=

 − −  
= =  − +     +  −  +  

    −      

+ −  − − +    −  


 

( ) ( ) ( )
21 1

2 4 2

1

1
;

2

m f m f m g

s m f s gf g f g
g f g f f g f

D D D D
b b P D D P P

k h c h c  

 − − − +   
 = =  −  + −  −    

    −   +       

         (17) 

 

Variant 2: 

 

( ) ( )
2

2 2

1 3 4 2
1 0,5

4 2

i c i
c m c c

c c m c

p D
b b D T

k D




 
= =  − +     + 

    

2

2

24

i ff

f g
g f g f

D Dh
P

k h c 

 − − 
 −  + 

  −    

 

( ) ( )f g

s i f s m g i f f g f gD D P D D h c P + −  − − +    −
 ( )

i ff D DR T =  ; 

( ) ( ) ( )
22 2

2 4 2

2

1
.

2

i f m g i f

s i f s gf g f g
g f g f f g f

D D D D
b b P D D P P

k h c h c  

 − − − +   
 = =  −  + −  −    

    −   +       

    (18) 

 

Variant 3: 

 

( ) ( )

( ) ( )

2
23 3

1 3 24 2

3

1 0,5
4 2 4

;
i f

si fc i
c m c c f g

f g fc c m c g

f g

s m g f g f g f D D

D Dp hD
b b D T P

h ck D k

D D h c P R T










 =

 − −   
= =  − +     +   +      −         

+ − +    −  


 

( ) ( ) ( ) ( )3 3

2 4 2 2

3

.
2

f f g f g

s f g f s m g f g f g

g

h
b b D D h c P D D h c P

k
   = =  − −    + − +   

 
   (19) 

 

Therewith 
( ) ( ) ( )1 2 3

5 5 5 0,b b b= = =  respectively 
( ) ( ) ( )1 2 3

0.b b b= = =  

 

In the above equations the auxiliary values (the corresponding geometric characteristics are noted in Figures 1 and 

2) are found: 

 
2

1 0.25 e c iP D p=    ; ( )1 1 m cP P D=  ; ( )2 2

2 0.25 ;m g e c iP D D p=   −   

( )2 0.5 ;m g e c iP D D p=  −  ( )2 20.25 ;g e g i g s gP D D p=   −  2 ;e c iD D = +   
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( )0.5 ;g e g i g s gP D D p=  −  ( )3 212 1 ;c c cE   =   − ( )24 12 1 ;c c m ck D =  − 

;m c iD D = + ( )0.5 ;m g i g e gD D D=  +  ( )0.5 ;m f i f e fD D D=  +  

( ) ( ) ( )2 2 2 20.5 1 1 2 ;w f i f f e f f i f f f e f i fk D D D h E D D    =   −  − −     −
   

 

( ) ( ); ;c c c cs sin k h c cos k h=  =   ( ) ( ) ( )0,5 ;h c c c c c cs s h k h e x p k h e x p k h=  =    − −   

( ) ( ) ( )0,5 ;h c c c c c cc c h k h e x p k h e x p k h=  =    + −   

( ) ( ) ( )2 2 ;c c c c c cN N k h sh k h sin k h=  =  −   

( ) ( ) ( ) ( )2 2

1 1 2 2; ;m m c c h m m c c h hf f k h s s N f f k h s c s c N=  = + =  = −  +   

( ) ( )1 1 ;q q c c h hf f k h s c s c N=  =  −  ( ) 2

2 2 ;q q c c hf f k h s N=  =  

( ) 2

3 3 ;q q c cf f k h s N=  = ( ) ( )2 2

2 3 2 3 ;q q c c hf f k h s s N=  = −  

( ) ( )1 2 ;m d m d c c m h m h h hf f k h f c c f c s s c s s=  =   +   +  +   

( ) ( )1 22 ;m r m r c c m h h m h h hf f k h f c s s c f c c c s s c=  =   −  +    +  +   

( ) ( ) ( ) ( )1 2 3 .q r q r c c q h h q h h q h hf f k h f c s s c f c c s s f c c s s=  =   −  +   −  +   +          (19) 

 

In relations (13) to (19), the notations were also used: c −  cylindrical bending stiffness/rigidity of the shell wall, 

N mm ; 
ck −  stress mitigation factor ,1 ;m m  ( )

i ff D DR T =   - the radial displacement of the flange 

ring under the influence of the thermal gradient, for the accepted law for temperature variation [31]; ,c fT T 

- the thermal gradient of the vessel body, related to the temperature of the external environment, respectively the 

thermal gradient of the flange ring at the level of its inner surface, K;

( ) ( )1 2 1 2 2 3, , , , , , ,m m m d c m r c q q qf f f h f h f f f ( ) ( ),q d c q r cf h f h  - influencing factors of connection 

loads (unit shear forces and unit bending moments) [32]; 
ip − the internal pressure of the working environment, 

2 ;N m m  
s gp −  compression pressure of the gasket, accepted depending on its material and the 

recommendations of the recognized standards, 
2 ;N m m w fk -influence factor on the width of the flange ring 

of the unitary shear forces (connection),
2/mm N ; ,c f  −  thermal deformation factors characteristics of the 

cylindrical shell and the flange ring, 
1K −

; c −  the coefficient of transverse contraction (Poisson) of the 

material of the cylindrical shell. 

 

 

4. CONCLUSIONS 

 

This paper takes into discussion the evaluation of the deformation of the ring of a ring flat flange, welded to the 

cylindrical shell. The rotation of the ring is considered around some circumferences placed in the medial plane of 

the ring, in three variants: a) at the median surface (characteristic of the middle radius of the ring); b) on the inner 

surface; c) at the level of the centers of the screw holes. Static loads that act are taken into account: the internal 

pressure of the working environment and the temperatures developed in operation characteristic of the median 

surface of the cylindrical wall along the radius of the ring (according to a specific law [31]). The material of the 

cylindrical shell and that of the ring (same or different from the ferrule) is isotropic, continuous and homogeneous. 

 

The mechanical and thermal loads can be evaluated analytically by means of the compatibility theory between the 

elastic deformations produced in the component elements. In this sense, the three elements of the structure (Figure 

2) are distinguished, used for writing a linear algebraic system. By solving it, the expressions of the connection 

loads (unit radial bending moments and unit shear forces) are deduced. If necessary, the loading scheme can be 

corrected and the axial and annular stresses developed on the inner and outer surface of the cylindrical shell, along 

it, can be calculated. In this way, it is possible to establish the position of the plane where the equivalent stress is 
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maximum and, obviously, below the value of the admissible resistance of the construction material, under the 

operating conditions. 

 

A suitable calculation computation programme can lead to the optimization of the construction, with the 

minimization of material consumption and ensuring a safe operation. The previously exposed methodology allows, 

at the same time, an evaluation of the stress by using discrete values of the external loads in the case of a transient 

regime of the pressure, respectively the temperature. The exposure has in its composition the presence of factors 

that allow the deduction of a maximum deformation, appreciating the sealing of the construction. Values equal to 

unity or zero give the mentioned appreciation. By canceling the internal pressure and the working temperature, the 

established relationships allow the assessment of the deformation of the flange ring under tightening conditions 

(mounting). 

 

The results obtained through the methodology presented in the article can be developed in the framework of 

additional research on the behavior of flanged assemblies in areas such as creep, fatigue, the effect of residual 

stresses in weld seams or the prevention of cracking. 

 

 

REFERENCES  

 

[1] Jinescu, V.V., Teodorescu, N., Constructia si calculul îmbinarilor cu flanse, Revista de Chimie, 32, no. 3, 1981, 

p. 286 – 292. 

[2] Jinescu, V.V., Teodorescu, N., Constructia si calculul îmbinarilor cu flanse, Revista de Chimie, no. 4, 1981, p. 

385 – 393. 

[3] Jinescu, V.V., Teodorescu, N., Constructia si calculul îmbinarilor cu flanse, Revista de Chimie, no. 7, 1982, p. 

671 - 676. 

[4] Jinescu, V.V., Teodorescu, N., Gardus, V., Constructia si calculul îmbinarilor cu flanse, Revista de Chimie, 

38, no. 8, 1987, p 727–730. 

[5] Jinescu, V.V., Teodorescu, N., Gardus, V., Constructia si calculul îmbinarilor cu flanse, Revista de Chimie, 

no. 1, 1988, p. 75 – 77. 

[6] Jinescu, V.V., Teodorescu, N., Gardus, V., Constructia si calculul îmbinarilor cu flanse, Revista de Chimie, 

no. 2, 1988, p. 185 - 188. 

[7] Varga, L., Nagy, A., Optimale form und neue analyse von flanschkonstruktionen, Konstruktion, 49, no. 9, 1997, 

p. 25 – 30. 

[8] Iatan, I.R., Alamoreanu, E., Iordan, N., Chirita, R., Calculus elements for ring neck flanges, Modelling and 

Optimization in the Machines Building Field – MOCM 3, University of Bacau, 1997, p. 14 – 17. 

[9] EN 1591, Flanges and their joints - Design rules for gasketed circular flange connections - Part 1: Calculation 

method, 2014. 

[10] Jinescu, V.V., Urse, G., Chelu, A., Evaluation and completion the design methods of pressure vessels flange 

joints, Revista de Chimie, 69, no. 8, 2018, p. 1954 –1961. 

[11] Urse, G., Durbaca, I., Panait, C.I., Some research results on the tightness and strength of flange joints, Journal 

of Enneering Sciences and Innovation, 3, no. 2, 2018, p. 107 – 130. 

[12] Roman (Urse), G., Comparative analysis of current international standards for calculations flanges joint with 

gasket inside the circle location of the bolt holes, Revista de Chimie, 71, no. 3, 2020, p. 1 – 8. 

[13] Iatan, I.R., Roman (Urse), G., Tomescu, Gh., Chelu, A., Analytical study of thermomechanical strength of 

assemblies with optional plane flanges. The effect of the flange ring rotation around the median circumference, 

Revista de Chimie, 71, no. 3, 2020, p. 79 – 89. 

[14] Iatan, I.R., Renert, M., Calculul si constructia flanselor cu nervuri, Inst. Polit.Buc., Sci. Bull., Series D, vol. 

XI, 1978, no. 2, p. 51–60;  

[15] Iatan, I.R., Renert M., Stari de deformatii si de eforturi unitare in inelele flanselor cu nervuri, Revista de 

Chimie, 29, no. 7, 1978, p. 678 – 682. 

[16] Iatan, I.R., Renert, M., Botea, N., Metoda de calcul pentru flansele cu nervuri tesite, Revista de Chimie, 29, 

no. 7, 1978, p. 678–682. 

[17] Iatan, I.R., Cercetari teoretice si experimentale privind constructiile de îmbinari cu flanse cu nervuri, Teza de 

doctorat, Inst. Politehnic din Bucuresti, 1979. 

[18] Iatan, I.R., Renert, M., Cercetari experimentale privind starea de tensiuni în zona cilindrica a constructiilor 

cu flanse cu nervuri, Studii si Cercetari de Mecanica Aplicata, 44, no. 4, 1985, p. 384 – 395. 

[19] Iordache,  Gh., Iatan, I.R., Nuca, G., Calculul agrafelor simple, utilizate la îmbinarea cu flanse a recipientelor 

sub presiune, Constructia de Masini, 29, no. 1, 1977, p. 33 – 39. 



Journal of Engineering Studies and Research – Volume 29 (2023) No. 1                                       33 

 

 

[20] Iatan, I.R., Filimon, C., Calculul asamblarilor cu flanse si cleme, I, Revista de Chimie, 42, no. 1–3, 1991, p. 

117 – 121;  

[21] Iatan, I.R., Filimon, C., Calculul asamblarilor cu flanse si cleme, II, Revista de Chimie, 42, no. 8–9, 1991, p. 

443 – 448. 

[22] Tomescu, Gh., Iatan, I.R., Criterii de alegere a materialelor fara azbest pentru etansari statice, Constructii de 

Masini, 55, no. 7 – 8, 2003, p. 78 – 81. 

[23] Diany, M., Azouz, J., Aissaoui, H., Boudaia, H.E., Stresses fields in axial compressed O – ring gasket, The 

International Journal of Engineering and Science (IJES), vol. 7, no. 9, 2018, p. 60 – 66. 

[24] Galai, H., Bouzid, H.A., Analytical modeling of flat face flanges with metal – to – metal contact beyond the 

bolt circle, Journal of Pressure Vessel Technology, vol. 132, December 2010, p. 1 – 8. 

[25] Beghini, M., Bertini, L. Santus, C., Gughielmo, A., Mariotti G., Partially open crack model for leakage 

pressure analysis of bolted metal-to-metal flange, Engineering Fracture Mechanics, no. 144, 2015, p. 16 – 31.  

[26] Nechache, A., Bouzid, H.A., Creep analysis of bolted flange joints, International Journal of Pressure Vessels 

and Piping, no. 84, 2007, p. 185 – 194. 

[27] Cheng, Y., Zheng, T.X., Yu, Y.J., Xu, M.J., Wang, G.C., Lin W., Thightness assessment of bolted flange 

connections the creep effect of gasket, Proceedia Engineering, no. 130, 2015, p. 221 – 231. 

[28] Luyt, B.C.P., Theron, J.N., Pietra, F., Non-linear finite element modelling and analysis of the effect of gasket 

creep-relaxation on circular bolted flange connections, International Journal of Pressure Vessels and Piping, no. 

150, 2017, p. 52 – 61. 

[29] Iatan, I.R., Tomescu, Gh., Roman (Urse), Georgeta, Corleciuc (Mituca), M., Panait, C.I., Analytical study of 

the static thermomechanical stresses of the assemblies with optional ring flanges. Rotation of the flange ring around 

the circumference of centers for bolt holes, Journal of Engineering Studies and Research, vol. 27, no. 2, 2021, p. 

29 – 38 (ISSN 2068 – 7559). 

[30] Luyt, B.C.P., A leak tight design methodology for large diameter flanges based on non – linear modelling and 

analysis, Thesis, Dep. Mech. and Aeronautical Engineering University of Pretoria, Africa de Sud, 2015. 

[31] Iatan, I.R., Placi circulare si inelare, gofrate si perforate, Editura MatrixRom, Bucuresti, 2012. 

[32] Zichil, V., Iatan, I.R., Bibire, L., Busuioceanu (Grigorie), P., Serban, L., Thermo mechanic loading in beveled 

area between two cylindrical shells with different thicknesses, Journal of Engineering Studies and Research, vol. 

20, no. 1, 2014, p. 87 – 100. 


