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Abstract: This paper highlighted the shortcomings of the current international normative 

on the calculation of flanges joints with gasket situated inside the circle of bolts holes. The 

current codes do not take into account, when calculating the flanged joints of the vessels, 

the bending stress that occurs as a result of the movement of the plates of the joint subjected 
to internal pressure. The bending of the bolts influences the deformation of the sealing 

gasket and – namely – the sealing of the flange joint. The knowledge of the bolts bending 

stresses allows to increase the time between two revisions/repairs and – namely – the useful 

life of the sealing gasket. The experimental data, obtained with the help of a strain gage 

bridge and by the Digital Image Correlation method on the designed experimental 

installation, highlighted the bending of the flange bolts, both for pressurization and 

depressurization. The experiments were performed at an internal pressure of 0.5; 1.0; 1.5 

and 2.0 MPa.  
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1. Introduction 

 
Flange joints are mainly used for pressure equipment [1 - 5] but we also find them in some 

structures not stressed by pressure [6 - 8]. Numerous researches have highlighted various 

peculiarities of the effects of flange loading. Particular attention was also paid to the sealing 
of flange assemblies [5]. 

Concerning the calculations of resistance of the components of the flange joint, 

which was treated substantially in many design codes, out of which has been 

enforced the method of ASME normative [1], adopted by European regulations [2, 
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3]. The calculations of these codes do not reveal do not show the bending loading 
of the flange bolts of pressure equipment, although this – in certain circumstances - 

is important (Fig. 1), as has been shown in [8, 9]. When the flanges are axially 

loaded, axF , the bolts undergo both axial stresses as well as bending moments. The 

value of the stress induced by the bend in the bolt depends on the bolt 
pretensioning and the flange thickness. 

 
Fig. 1. Additional effects on flanges: a - θs further rotation of the flange (1), due to the rotation φ2 and 

φ3 of the pipes 2 and 3 are joined. Flanged bolts joint subjected to bending as a result of their 
prestressing and the application of axial force Fax applied to pipes which are connected to (b) and 

preclamping force, Pprecl produced by the internal pressure, p (c) [6]. 

 

The shortcomings of the current methods for calculating flange joints have been 
shown [10; 11], in which some additions from papers [12 - 19] have been 

proposed, including, for example: 

- consideration of damage to the calculation of the strength or lifetime of flange 
joints;  

- consideration of the fatigue behavior of materials or conditions of creep stress, 

etc. 

It has been shown that the current methods of calculating flange joints do not 
consider the bending moment produced by the rotation of the flange. 

In spite of the classical calculations of flange joints, concerns have arisen regarding 

the self-disassembly of assemblies in the environment with variable vibrations or 
fatigue stresses [22; 23], as well as the consideration of the bending action on bolts 

[24]. Some research refers to the importance of the bending moment which strains 

the bolts. The more the moment is greater, the radial extension of the flange is 
larger. 

Starting from these findings, in this paper the value of the bending moment of the 

bolts is determined experimentally, for flat ring flanges welded by cylindrical 

pressure vessels of different thicknesses. 
 

2. Experimental installation.  

 
A tightening force applied to the flange assembly bolts facilitates the out of plane 

displacement of the flange, which causes the bolts to bend. Thus, the bending of the bolts 
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and the relaxation of the gasket lead to a dynamic behavior in the assembly gasket – 

flanges. 
The experiments were performed by using the experimental installation shown in Fig. 2. 

 

 
Fig. 2. Experimental installation: 1 - lower cylindrical shell; 2 - the upper cylindrical shell; 3 - flange 

joint; 4 - bolts; 5 - manometer; 6 - pump [25]. 

 

The material from which the flange and cylindrical pressure vessel assembly was 

made is OL52 (S355 according to SR EN 10025-2: 2004), the bolt material was 
OLC 45 (1C45 according to SR EN 10025-2: 2004), and the gasket material 

sealing was klinger (marsit). 

The flat flange assembly is provided for the internal pressure MPa 1=p  and 

temperature of C 20  , having the following dimensions (Fig. 3): mm 200=id ; 

mm 220=ed ; mm 10=s ; mm 3101 =d ; mm 2702 =d ; mm 183 =d ; 

mm 2214 =d ; mm 20=b ; 8=
s

n bolts; mm 248=c ; mm 20=b ; mm 16.51 =b . 

 

 
Fig. 3. Flat flange for welding, with a nominal diameter of 200 mm (a); flange detail (b).  
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The lower cylindrical vessel (1) had a thickness mm 10δ
1
=  and height of 200 mm, 

being provided with a flat bottom, having a thickness of mm 15δ =
f . The upper 

cylindrical vessel (2) had a wall thickness of mm 3δ
2
= , height of 200 mm and a 

flat lid with thickness mm 3δ =c . 

The determination of the bending of the bolts was done by two experimental 
methods, namely: - with a the strain gage bridge HBM KOMPENSATOR MK, as 

shown in Fig. 4, and by using the Digital Image Correlation (DIC) method, the 

Aramis equipment being shown in Fig. 5. 

 

 
Fig. 4. The experimental installation on which the strain gauges were placed, and the deformation 
measurement was performed using the HBM KOMPENSATOR MK the strain gage bridge [25]:  

1 - the experimental model; 2 - flanges; 3 - bolt; 4 - the connecting cables of the strain gauges to the 
strain gage bridge 5; 6 - pump. 

 

 
Fig. 5. ARAMIS system components: Schneider two-chamber sensor (1); two LED lamps (2), stand 

for supporting and fixing the sensor (3); camera shutter system and image recording control (4);  
High-performance PC (5) operating under the GOM Linux 7 system and specialized software version 

6.1 [26; 27]. 

  

● Strain gauges with a resistance of 120Ω, with gage length of 3 mm were used to 
perform the measurements with the help of a Wheatstone bridge. The role of these 

strain gauges, located on both sides of the bolt rod, was to determine the values of 

the deformations that appear due to the internal pressures in the vessels (Fig.6). 
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Fig. 6. Strain gauges applied on the bolt (1); MTs1 and MTs2 - strain gauges (a); deformation of the 

bolt (1) as a result of the application of internal pressure in the vessel (b). 

 

● Digital Image Correlation Method [27]. Fig. 7 shows the photo image as captured 
by the DIC procedure, after the calibration with a 35/28 mm caliber has been 

performed, as well as the way to mask (with blue) the areas that will not be 

analyzed. The area of interest, that is the calculation area is colored green. These 
images were then analyzed with a software, which performs the actual calibration 

of the two camera system and also determines the measurement accuracy of the 

optical system thus assembled. 
 

 
Fig. 7. Camera image (a): 1 - flanges; 2 - bolt (b) and mask image.  

 

The measurements were performed on the bolt with the help of strain gages or next 

to the clamping bolt by the DIC method. 
 

3. Experimental results. 

 

Experiments were performed to highlight the bending of the bolts: - by pre-

clamping with force in the bolt ( ) MN 0.023
10, =sP ; - in operation, at pressures 

p=0.5; 1.0; 1.5; 2.0 [MPa]. 
A duration of 5 min was set for stabilizing of the strain. 

The values of the specific bolt deformations calculated and those displayed on the 

gauge bridge screen, as well as the variation of the bolt length obtained by the DIC 

method, are listed in Table 1.  
The experimental determinations were performed both at the pressurization 

(loading) of the vessel and after it was depressurized (unloading). The 

characteristic dimensions of the flange assembly are presented in Figure 8. 
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Table 1. Experimental data obtained with the strain gages placed on the bolt and the variation of the 

bolt lengths sl , measured at the bolt by the DIC method, for a flange assembly in case of different 

cylindrical vessel thicknesses 
21 δδ  , and the same plate thickness mm 2021 == bb ; mm 10=sl . 

 

p [MPa] 

Strain gages ε(int) - 
ε(ext) 

[μm/m] 

sl  
DIC method 

[mm] 

ss ll
 

DIC 
method 

[%] 

 ε(int) 

[μm/m] 

ε(ext) 

[μm/m]  

L
O

A
D

IN
G

 

0 0 0 0 0 0 

0.5 25 5 20 0,003 0,03 

1 54 15 39 0.008 0.08 

1.5 82 35 47 0.015 0.15 

2 117 58 59 0.023 0.23 

U
N

L
O

A
D

IN
G

 2 123 80 43 0.022 0.22 

1.5 92 62 30 0.018 0.18 

1 61 44 17 0.012 0.12 

0.5 30 20 10 0.005 0.05 

0 0 0 0 0 0 

 

It is noted for ε – (strain) as following; (int) refers to the vessel wall and the casing (ext) 

refers to the opposite side of the shell wall. 

 
Fig. 8. Flange assembly: 1b  - width of the lower flange plate; 2b  - width of the upper flange plate; 1δ  

- the thickness of the lower cylindrical shell of the experimental stand; 2δ  - the thickness of the upper 

cylindrical shell of the experimental stand; sl  - length of bolt rod;  

 

In Fig. 9 are graphically represented the specific deformations measured at loading and 
unloading depending on the internal pressure. As it can be seen, the values of the strains 

measured with the inside strain gauges on the bolt are higher than those on the outside, 

which proves the bending of the bolts. Larger strains inside than outside lead to bending 

stresses that can be determined using mathematical calculations. The calculated values of 

the bending stresses at loading and unloading as a function of the internal pressure are 

represented in Fig. 10. 
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Also, with the help of the DIC method, the elongation of the bolt is highlighted as a 
result of the rotation of the flange.  

The recording of the experimental results for the two plates of the flange, upper 

and lower near the bolt, after the gradual variation of the pressure in the vessel are 
presented in Fig. 11. These experimental data were recorded at both loading and 

unloading. 

The experimental results recorded on both plates showed that they moved 
negatively on the Y axis. The upper plate recorded a displacement greater than -

0.122 mm and the lower -0.099 mm (Fig. 11). This difference in displacement 

brought the two plates closer by 0.025 mm (Fig. 12). The proximity of the flanges 

shows us a displacement of them that determines the bending of the bolt and 
therefore the appearance of the bending stress. 

Also, the proximity of the plates leads to the relaxation of the gasket and the loss of 

the tightness of the flange assembly. 
  

Fig. 10. Calculated values of 

bending stresses at loading 

''→'' and unloading ''←'' in 

bolt, inside and outside. 

Fig. 9. Specific deformation 

measured at the bolt (inside 

and outside) at loading ''→'' 

and unloading ''←'' using 

strain gages. 
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Fig. 11. Displacement measured on vertical direction near the bolt (1) of the upper plate (2) and the 

lower plate (3) up to a pressure of 2 MPa by the DIC method. 

 

 
Fig. 12. The difference of the displacements of the two plates measured on Y up to the pressure of 2 

MPa by the DIC method. 

 

The negative displacement of both plates is caused by the moments and stresses 

given by the difference in thickness between the two shells, the upper one having a 

thickness (3 mm) much smaller than the lower shell (10 mm) of the pressure 

vessel. This method does not consider the vessel to be a rigid body. Thus the 
determined values include the total movement of the component parts as a whole. 

Therefore, it does not only record the movement of the plates but also the 

movement of the vessel in the area of the plates.  
It is possible to eliminate the movement of the vessel, but in this case we are 

interested in the relative movement of the flange plates. 

Table 2 presents, depending on the pressure in the vessel, the values of the total 
bolt stresses (σs,t)1 and (σ'st)1 based on the deformations measured with the strain 

gages. 

With these calculated: 

- bending stresses. For example, for bolt 1 (k=1),  

( ) ( ) ( ) 
1ts,1ts,1, σ'σ

2

1
σ −=b

s

; 

- tensile stress of bolts. 

( ) ( ) 
1ts,1ts,s,1 σ'σ

2

1
σ +=

. 

The same procedure is applied to bolt number 5 which is symmetric to the bolt 
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number 1. 

Table 2. Total stresses 
ts,σ  and 

ts ,σ , bending stresses 
( )b

s 1,σ  and tractional stress in bolts, σs,k, based on 

experimental data 

No. 
Pressure 

[MPa] 

Bolt 

number 

k 

ts,σ  

[MPa] 

ts ,σ  

[MPa] 

( )b

ks ,σ , 

[MPa] 

σs,k, 

[MPa] 

( )

s,k

b

ks

σ

σ100 ,
, 

% 

0. 00 =p
 

1 0 0 0 0 0 

5 0 0 0 0 0 

1. 0.5 
1 5.123 1.025 2.049 3.074 66.65 

5 4.51 1.025 1.743 2.768 62.96 

2. 1.0 
1 11.07 3.075 3.998 7.073 56.52 

5 9.635 4.715 2.460 7.175 34.28 

3. 1.5 
1 16.81 7.175 4.818 11.993 40.17 

5 14.76 8.61 3.075 11.685 26.31 

4. 2.0 
1 23.985 11.89 6.048 17.938 33.71 

5 21.115 16.81 2.153 18.963 11.35 

 

The experimental data show that the bending stresses represent approximately (from 

11.35% to 66.65%) of the bolt stress. Consequently, they must be taken into account in the 

strength calculations of the pressure vessel bolts. 

 

4. Conclusions 

 
In this paper, the bending of the bolts, which occured as a result of the displacement of the 

flange assembly plates subjected to internal pressure, was highlighted, both with the help of 

strain gage measurements and by the DIC method. This leads to the existence of the 

bending stresses that can be determined using mathematical calculations.  
The bending of the bolts has a negative effect on the gasket of the flange assembly, leading 

to its relaxation and loss of tightness after several loading-unloading cycles. 

Thus, the shortcomings of the current methods of calculating the assemblies with flat ring 

flanges were highlighted. It turned out that it is important to consider account, when 

calculating flange joints, the bending stresses that occur in the bolts. 

Considering the bending of the bolts allows to increase the duration between two revisions / 

repairs and - therefore - to increase the life of the sealing gasket. 
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