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ABSTRACT - Gasketed bolted flange joints (GBFJ) are commonly used in various industries 
however, their failure could result in significant losses not only in terms of financial but human 
life as well. Most of the work present on the performance of the GBFJ involves simplified 
assumptions by neglecting the effect of bolt scatter. Also, there is a paucity of studies 
investigating the sealing performance of GBFJ under combined thermal transient and 
structural loading. In the present study, two different flange sizes of ANSI B16.5 pressure class 
900 (4in. and 6in.) are evaluated, using a detailed three-dimensional finite element analysis 
(FEA). ASME bolt tightening scheme was applied for the preloading of the bolts. Higher bolts 
and gasket stresses were observed in the case of 6in. flange joint. Also, greater variation in 
bolt stresses (up to 18 % of the target value) was observed for the 6 in. model which may be 
due to higher number of bolts resulting in greater scattering phenomena. Both models were 
found to be safe under the structural loading. However, large relaxation in stresses was 
observed at high bulk temperature. The gasket stress in 4in. flange model was observed to 
be less than the minimum seating stress (69 MPa) at temperatures greater than 300 °C 
implying possible leakage. However, stresses in the 6in. model stayed within the safe limit 
throughout the thermal and structural loading due to higher bolt target stresses, resulting in its 
proper seating even at higher temperatures. 
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1.0 INTRODUCTION 

Bolted flange joints are a critical component of pressure vessels and piping networks. Due to their design simplicity 

and ease of assembly/disassembly methods, they represent a flexible option for fastening pipes and other equipment. 

However, failure of the bolted joints due to structural and or leakage issues is one of the major problems faced regarding 

their usage in the industries. Substantial research has already been done to assess the leakage performance of the joint. 

However, most of the research work present in literature either uses a two-dimensional or a three-dimensional 

axisymmetric model which greatly simplifies the model ignoring some important factors like bolt scattering. Similarly, 

minimal work is present regarding the effects of transient thermal loading. The effect of temperature on the flange joint 

has also not been discussed in the design codes. Analytical studies have been done to evaluate the stress variation through 

different parts of the joint during assembly and operation [1-4] Several studies have been done to include the non-linear 

behaviour of the gasket material during the loading and unloading process [5, 6]. Stress variation in gasketed and non-

gasketed flange joints have also been compared using numerical analysis as well as through experimental study [7, 8]. 

The effects of different bolt tightening strategies on the strength of the joint have been discussed without the application 

of internal pressure [9] as well as under the joined action of pressure and axial load [10]. The impact of bending load and 

internal pressure on the joint integrity has also been studied with axial loading [11] as well as without axial loading for 

both single and double gasket joints [12]. 

In nuclear power plants and petrochemical industries, the BFJ is subjected to high-temperature fluids which may result 

in leakage of the joint. This is because when BFJ is subjected to high temperature, expansion of the joint takes place 

which causes relaxation of the joint resulting in possible loss of gasket contact stress. A few studies [13-15] have also 

been carried out to determine the impact of temperature on the joint. The behaviour of the GBFJ under the action of 

internal pressure and thermal steady-state loading has been discussed using two different types of gaskets [13]. Steady 

state assumption does not provide an accurate analysis as the thermal loading is actually transient in nature. Gasket sealing 

capability is considerably affected by the heating rate which is ignored in the steady state analysis. The variation of flange 

stress due to transient thermal loading has also been discussed by performing a three-dimensional axisymmetric analysis 

[14]. The effect of temperature on gasket relaxation for both single and double gasket joints has also been studied [15].  

Thus, in the current study, a three-dimensional evaluation of the GBFJ is done under the joined action of structural 

and transient thermal loading while incorporating bolt scattering phenomena. The evaluation is done on two different 

flange sizes to compare their working under the combined loading. 
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2.0 METHODS AND MATERIALS 

An overview of the methodology employed for the present study is shown in Figure 1. 

 

Figure 1. FEA methodology 

2.1 Geometric Modelling 

A three-dimensional model of the flange joint is created for both sizes using general purpose finite element software. 

A 4 in. and 6 in. Nominal Pipe Size (NPS) flanges of pressure class 900 along with spiral wound gasket are chosen for 

this study. ANSI B16.5 standard dimensions are followed for modelling of both flange sizes [16]. For gasket, only the 

sealing element is modelled as this plays a fundamental part towards its sealing capability. Symmetry is considered across 

the gasket mid-plane and only single side of the BFJ is modelled in each case. Figure 2 shows the complete assembled 

model for 6in. flange. 

 

Figure 2. Complete assembled model of the 6in. BFJ 

The selection of material for different components of BFJ is done based on the past work available in the literature 

[13]. For pipe and flange, ASTM 350 LF2 material is used. For bolts, ASTM SA 193 B7 material is chosen. The spiral 

wound gasket is selected for the current study which is made by winding strips of metal and a soft fiber sealing material 

under pressure. The material used for the gasket is ASTM A 182. For accurate simulations, temperature-dependent 

material properties are considered for the current study. All the properties of the materials are taken as per ASME Boiler 

and Pressure Vessel Code [17]. To model the plastic behaviour of flange and bolts, the bilinear kinematic hardening 
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model is also defined which contains two parts each having different slopes to define the behaviour of the material 

completely. The first slope defines the elastic behaviour of the material up to yield strength. The second slope, having 

tangent modulus as the gradient, defines the plastic behaviour of the material after the yield strength. For current study, 

the tangent modulus is taken as 10% of Young’s modulus [18]. To incorporate gasket non-linearity, the spiral wound 

gasket stress-strain relationships presented by Fukuoka et al. [3] are used. Two different elastic moduli are used for the 

loading and unloading of the gasket. These loading and unloading curves are input into the FE model to simulate gasket 

non-linear behaviour. 

2.2 Meshing 

Before performing FEA analysis, a higher quality mesh of the geometric model is required. For this purpose, the 

model is sliced into various parts to get hexahedral mesh. Finer mesh is created in critical regions like gasket body, flange 

hub fillet, and contact areas. The meshing of flange, bolt, and gasket is given in Figure 3. 

 

Figure 3. Meshing of flange, bolt, and gasket 

To model the interaction between various components of the BFJ, contact regions are defined between different mating 

surfaces of the model. The main purpose of defining contacts is to prevent two mating surfaces from penetrating each 

other. Here three pairs of contact regions are defined. These include contact between the bottom face of bolt heads and 

flange top face, contact between gasket top face and flange raised face, and contact between bolt shanks and flange holes. 

All three contact pairs are modelled as frictionless. SOLID185 and SOLID70 elements are used to mesh the model for 

structural and thermal analysis respectively. The gasket is meshed using INTER195 element to model the deformation of 

the gasket in the through-thickness direction. Similarly, CONTA174 and TARGE170 elements are used to for the contact 

and target surfaces respectively in the contact regions. 

2.3 Boundary Conditions 

Transient analysis is considered for thermal loading as it helps us to simulate actual loading conditions. Initially, at 

the start (t = 0), the model is assumed to be at room temperature (20 °C). For thermal analysis, convection at the internal 

and external surfaces of the BFJ is considered. At the internal surface, convection is considered with the bulk fluid 

temperature of 100 °C and at the external surface, convection at 20 °C is considered. The internal thermal coefficient is 

set to 150 W/m2-°C and the external coefficient is considered to be 20 W/m2-°C [19]. The model is then solved for 1600 

seconds so that steady-state is achieved. After solving for 100 °C, the bulk fluid temperature is varied to 200 °C - 400 °C, 

and the model is solved each time to study the temperature distribution across BFJ at different bulk temperatures. The 

same process is then repeated for the 6in. flange size as well. 

The flange is neither axially nor radially constrained which helps us to capture rotation of the flange. However. the 

bolts are restricted both radially and tangentially by applying nodal constraints to the midplane of bottom of each shank. 

This is done to observe the bolt bending behaviour. Symmetry is employed to the lower face of the gasket body. Contact 

initialization is done between bolts and flange by applying a small nodal displacement (Uy) value to the bottom face of 

each shank. This mirrors the hand tightening of the bolts in real life. Next, bolt pretensioning is done by tightening the 

bolts to the target stress value. For this purpose, torque control method is used along with ASME guidelines as explained 

in the next section. After the completion of bolt tightening process, pressure is applied to the internal of the BFJ. In the 

present study, an internal pressure of magnitude 15.3 MPa is applied to the inner of both joints [6]. Due to the applied 

pressure, a resulting axial force also acts upon the pipe. This is applied as a nodal pressure at the end of the pipe [20]. Its 

magnitude is set to 23.1 MPa for the 4in. flange and 34 MPa for the 6in. flange. A summary of all the boundary conditions 

(both thermal and structural) is shown in Figure 4.  
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Figure 4. Boundary conditions 

2.4 Bolt Preloading 

The bolts are preloaded by using the torque control method in which each bolt is loaded individually to the target 

torque value. ASME tightening scheme [21] is adopted in the present study to tighten the bolts to the target value as it is 

proved to be more suitable in sealing the joint as compared to industrial strategy [9]. ASME scheme consists of four 

passes to tighten the bolts to the target value. In the first three passes, the bolts are tightened in a cross pattern while in 

the final pass, bolts are preloaded in a clockwise pattern.  The cross sequence for 4in. (1, 5, 3, 7, 2, 6, 4, 8) and 6 in. flange 

(1, 7, 4, 10, 2, 8, 5, 11, 3, 9, 6, 12) is shown in Figure 5. 

In the current study, target torque for the case of 4in. flange is 700 Nm [8]. Similarly, for 6in. flange the target torque 

is 900 Nm [22]. The target stress corresponding to the torque value is calculated using Eq. 1 and Eq. 2. The corresponding 

target torque and stress value for each tightening pass is given in Table 1. During the analysis, bolt preloading is 

accomplished by applying a displacement ‘Uy’ value at the bottom face of the bolt shank, then checking the ensuing stress 

and repeating this process until the resulting stress meets the target value. The same process is followed for each bolt and 

all the bolts are tightened to the required stress. 
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Figure 5. Bolt tightening sequences 
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Table 1. Bolt target stress for both flange sizes 

Flange 

Size 

Pass 

No. 

Target Torque 

(%) 

Applied Torque 

(Nm) 

Bolt Load 

(kN) 

Target Stress 

(MPa) 

Tightening 

Pattern 

4in. 

1 20-30 140 24.5 38.2 Star 

2 50-70 420 73.5 114.5 Star 

3 100 700 122.5 191 Star 

4 100 700 122.5 191 Clockwise 

6in. 

1 20-30 180 31.5 49 Star 

2 50-70 540 94.5 147.25 Star 

3 100 900 157.5 245.5 Star 

4 100 900 157.5 245.5 Clockwise 

2.5 FE Model Validation 

The results of the thermal analysis are verified analytically using equivalent thermal resistance model [23]. A very 

small difference is observed between the FEA and theoretical results when the bulk fluid temperature is varied from 100-

400 C as shown in Table 2 and Figure 6(b) for the case of 4in. flange. The thermal analysis results are in good agreement 

with the results reported in the literature [24]. Similar trend is also observed in 6in. flange model, thus validating our 

transient thermal model. 

For structural analysis, model is validated by performing theoretical calculations only on the pipe component of both 

the flanges using Lame’s theory of thick cylinders [20]. A comparison of these FEA and theoretical results is presented 

in Table 3 which shows a close agreement between both the results, thus verifying our structural analysis as well. 

Temperature distribution through different components of 4in. BFJ model, for the case of 100 °C bulk temperature, is 

shown in Figure 6(a). Maximum temperature is observed in the pipe section of the joint which was expected since it is in 

direct contact with the hot fluid. Similarly, the minimum temperature is observed in the bolts part of the joint as there is 

no direct heat transfer between the bolts and the hot fluid. The only heat that is transferred to the bolts is through the 

contact area between bolt heads and flange face. The temperature in the gasket decreases towards the outer diameter and 

the maximum temperature is observed on the inside diameter as it is directly exposed to the hot fluid. Same trend is seen 

for all the temperature cases in both BFJ models. 

Table 2. Comparison of FEA and theoretical results of thermal analysis (4 in. flange @100 C) 

Sr. No. Analysis 
Pipe Inner 

Temperature (C) 

Pipe Outer 

Temperature (C) 

1 FEA 87.359 86.902 

2 Theoretical 88.175 87.732 

3 Difference 0.925% 0.95% 

3.0 RESULTS AND DISCUSSION 

During the bolt tightening process, relaxation in bolts occurs due to the elastic interaction between different 

components of the BFJ which is known as bolt scattering phenomena [21]. The change in bolt 1 stress during pass 1 when 

all the bolts are tightened is shown in Figure 7(a) for 4in. model. Initially, bolt 1 is tightened to the target stress (38 MPa) 

value. Then the next bolt (bolt 5) in the sequence is tightened, however, due to the elastic interaction, an increase in stress 

in bolt 1 is also observed since it is positioned across bolt 5. Similarly, when the next bolt (bolt 3) in the sequence is 

tightened, a decrease in stress is observed for bolt 1 since it is positioned near bolt 3. Thus, whenever a bolt in the 

neighbourhood of bolt 1 is tightened, bolt 1 stress is observed to decrease and whenever a bolt that is positioned across 

bolt 1 is tightened, an increase in its stress is seen. Finally at the end of first pass, after tightening the last bolt (bolt 8), 

around 80% of the stress in bolt 1 is found to be lost due to the scattering effect. Similar variation in the stress of bolt 1 

for the case of 6in flange is also observed as given in Figure 7(b). For 6in. flange, at the end of pass 1 nearly all the stress 

in bolt 1 is found to be lost and it is observed to be completely relaxed due to the scattering phenomena. This greater 

stress variation in bolt 1 in case of 6in. flange may be down to the higher number of bolts that are to be tightened after 

tightening of bolt 1, thus resulting in greater scattering phenomena. 
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Table 3. Comparison of FEA and theoretical results of structural analysis 

Flange Size 

(NPS) 
Analysis 

Tangential Stress 

(MPa) 

Radial Stress 

(MPa) 

4in. 

FEA 43.042 -13.069 

Theoretical 42.85 -15.3 

Difference -0.192 -2.231 

6in. 

FEA 68.662 -13.9 

Theoretical 67.98 -15.3 

Difference -0.68 -1.4 

 

 
Figure 6. (a) Temperature distribution in BFJ (4 in.) and (b) Comparison of FEA and theoretical results for thermal 

analysis (4 in.) 

To study the bending behaviour of bolts, four nodes are taken along the lower face of the bolt shank at 90 apart from 

each other as shown in Figure 8(a). Node 1/1 represents the inner node of bolt 1 with respect to the flange internal surface 

and node 1/2 represents the outer node. While nodes 1/3 and 1/4 represent the side nodes of bolt 1. Similar nomenclature 

is followed for other bolts of both the flanges. Axial bolt stress is determined at each of these nodes after each tightening 

round as shown in Figure 9 and Figure 10. 

Figure 9 shows that for 4in. flange there is a significant difference in the bolt axial stress in the inner and outer nodes 

showing the bending of the bolts along that direction. However, in the side nodes, the axial bolt stress is close to each 

other implying little or no bending along that direction. In bolts 2 and 6, no bending is observed along the side nodes. 

However, in the remaining bolts, some difference in axial stress is observed, implying bending of the bolts along that 

direction. The inner nodes located on each bolt exhibit maximum stress while the outer nodes show minimum stress 

implying bending of the bolt in the outward direction. The inner nodes show maximum stress because, when displacement 

is applied on the shank, the bolts come into contact with the flange due to deformation. This interaction results in higher 

stress on the inner nodes of the bolts. A maximum stress of 290 MPa is observed in the inner node of bolt 2 after the 3 rd 

pass. Compressive stresses are also observed in the case of bolt 5 which disappear after 2nd pass of the tightening sequence. 

Similarly in the case of 6in flange size, as shown in Figure 10, the stress in the side nodes is close to each other 

showing little or no bending along that direction. However, the stress in the inner and outer nodes is different implying 

bolt bending along that direction. This stress difference is observed to get larger with the increasing stress in each pass. 

Compressive stresses are also seen in bolts 1, 4, and 7 which disappear after the second pass of the tightening sequence. 

Gasket stress is also determined to verify that it is higher than the minimum seating stress and lesser than the yield strength 

of the material. This helps us to make sure that the gasket is safe and properly seated and the BFJ is leak-proof. The 

minimum seating stress for spiral wound gasket is 69 MPa and the yield limit of the gasket is 206 MPa [25]. To determine 

the variation of gasket stress in case of 4in. flange, eight nodes are taken along the inner as well as the outer diameter of 

the gasket corresponding to each of the bolt locations as shown in Figure 8(b). Gasket normal stress is then determined at 

each of these nodes after each pass of tightening sequence. Same procedure is followed for 6in. flange as well, where 

twelve nodes are taken along the inner and outer diameter. 
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Figure 7. (a) Stress variation in bolt 1 during pass 1 for 4 in. flange and (b) Stress variation in bolt 1 during pass 1 for  

6 in. flange 

 

 

Figure 8. (a) Bolt nodes for measuring bolt stress and (b) Gasket nodes 

Compressive stresses are observed to occur throughout the gasket as it is being pressed between the two flanges. 

Figure 11(a) exhibits the change in stress along the inner circumference of the gasket for the 4in. flange after each 

tightening pass. The stress in gasket is not uniform through the inner diameter of the gasket which is down to the scattering 

effect. Uneven bolt stress results in non-uniform gasket stress throughout the internal circumference. Gasket stress in all 

the nodes is seen to larger with each pass which is expected as target bolt stress also increases with every pass of the 

tightening sequence. Nodes GI1, GI2, and GI3 show relatively higher stresses than the other nodes in all the passes. After 

the last tightening pass, the stress in all nodes is greater than the minimum seating stress (69 MPa) showing that the gasket 

is properly seated along the inner diameter and there should not be any leakage through the inner gasket edge. The change 

in stress through the outer edge of the gasket for the 4in. flange is shown in Figure 11(b). Again, variable stress distribution 

is seen along the outer circumference of the gasket as well. It can also be observed that the outer edge of the gasket is 

under higher compressive stress than the inner edge which is down to the rotation of the flange as when a bolt is preloaded, 

the corresponding part of the flange is bent downwards and the outer boundary of the gasket experiences higher stress as 

compared to the inner circumference. Thus, maximum stress in gasket is through the outer edge of the gasket and it is less 

than the yield strength showing that the gasket is safely seated. Nodes GO1, GO2, and GO3 show relatively higher stresses 

in all the passes than the remaining nodes. Maximum stress occurs in the GO1 node which is about 121 MPa. Similarly, 

the GI6 node shows the minimum gasket stress of 90 MPa.  

Gasket seating stress variation in case of 6in. flange is shown in Figure 11(c) and Figure 11(d). From both figures it 

is clear that the gasket stress is non-uniform and it varies through the inner and outer edge of the gasket. However, stress 

at all the gasket nodes is greater than the minimum seating stress of 69 MPa and less than the yield limit of 206 MPa 

showing that the gasket is properly and safely seated along the flange face and the joint is leak proof. The outer edge of 

the gasket experiences higher contact stress as compared to the inner edge due to flange rotation. Higher gasket contact 

stresses are seen in the 6in. flange model as compared to the 4in. flange. This may be due to higher bolt target stress in 

the case of 6in. flange. The minimum stress occurs in node GI9 which is about 144 MPa and the maximum stress occurs 

in node G02 which is about 174 MPa. 
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Figure 9. Bending behaviour of bolts for 4in. flange 

 

 

Figure 10. Bending behaviour of bolts for 6in. flange 

 

 
Figure 11. Gasket stress variation: (a) Inner nodes (4 in.), (b) Outer nodes (4 in.), (c) Inner nodes (6 in.), and  

(d) Outer nodes (6 in.) 

After solving the structural model, the results of the thermal analysis are imported into the structural model to carry 

out an analysis of both the BFJ models under the combined action of thermal and structural loading. The thermal loading 

results in variation of stress in different components of the BFJ. This variation is quite prominent at high temperature. 

Here only the gasket stress variation is discussed as it is a fundamental factor in determining the safety of the joint. The 

thermal loading results in the expansion of different components of the BFJ. Due to this, relaxation in bolts is seen with 

greater loss in bolt stress is observed at higher bulk fluid temperatures. This loss in bolt stress also affects the gasket 

seating stress. Similarly, the expansion of the gasket with thermal loading also affects its sealing performance. The 

expansion of the gasket in the axial direction results in better sealing capability while the radial expansion decreases the 

gasket stress making the joint susceptible to leakage failure. To make sure that the BFJ is still operating safely at higher 

temperatures, it is necessary to determine the variation of gasket stress with thermal loading.  

Figure 12 shows the transient behaviour of gasket inner nodes’ stress with bulk fluid temperature. The variation of 

stress with temperature is minimal at 100 °C with an average reduction of around 7.5% is observed. As the bulk 

temperature is increased, stress variation also becomes more prominent. Initially, an increase in gasket stress is observed. 

However, as time passes, gasket stress starts to decrease and follows the same trend up to the steady-state point. At  

200 °C, around 20% of gasket stress is relaxed. But the stress in all the inner nodes remains greater than the minimum 

seating stress (68 MPa). As the temperature is further increased, gasket stress becomes less than the minimum requirement 

implying possible leakage of the joint. At 300 °C, stress relaxation up to 30% is observed. Only GI2 and GI3 nodes have 
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stress greater than the minimum target stress at 300 °C. All other nodes have relaxed below the minimum requirement. 

Similarly, at 400 °C, gasket stress is further reduced, and all the inner nodes have relaxed below the minimum limit (68 

MPa) implying that the gasket becomes completely relaxed along the inner circumference when bulk fluid temperature is 

400 °C. The minimum stress at 400 °C occurs in the GI6 node which is 49.5 MPa as compared to the initial stress value 

of 89.5 MPa. This shows a reduction in stress of about 45% (40 MPa).  Similarly, the maximum stress occurs in the GI2 

node which is about 56.5 MPa as compared to the initial value of around 98 MPa. Thus, stress in the GI2 node is reduced 

by 42% (41.5 MPa). 

 

Figure 12. Gasket stress variation with temperature along inner nodes (4 in. model) 

The behaviour of stress along the outer gasket nodes for the case of 4in. flange is shown in Figure 13. The stress 

variation is similar to that of inner nodes. Variation is smaller at 100 °C and becomes greater as the bulk temperature is 

raised further. At 100 °C, an average stress reduction of around 5% is observed in outer gasket nodes. Similarly, at 200 

°C, this value increases to around 11%. At 300 °C, the stress in outer gasket nodes becomes further relaxed to about 18% 

of the initial value. At 400 °C, this stress relaxation increases to about 25% of the initial stress value. Despite this greater 

relaxation, the stress in all the outer gasket nodes remains higher than the minimum requirement showing that the outer 

edge of the gasket remains properly seated. The minimum stress at 400 °C is in the GO6 node which is about 82 MPa as 

compared to the initial value of 111 MPa. Thus, stress relaxation of around 26% (29 MPa) occurs in the GO6 node at 400 

°C. Similarly, the maximum stress of 94 MPa is observed in the GO2 node at 400ׄ °C as opposed to the initial value of 

124 MPa. Thus, relaxation of about 24% (30 MPa) occurs in the GO2 node. 

The transient behaviour of the gasket stress along the inner nodes for 6in. flange model is given in Figure 14. A large 

decrease in gasket stress is observed for all the nodes. However minimum stress at all the inner nodes remains greater 

than the minimum seating stress of 68 MPa even at high temperatures. At 100 °C, an average stress reduction of around 

7.5% is seen in the inner gasket nodes. Similarly, at 200 °C, around 20% relaxation in gasket stress is observed which 

further increases to about 32% at 300 °C. At 400 °C, even greater loss in gasket stress is observed with average stress 

relaxation of around 45% can be seen in the gasket inner nodes. The minimum stress of 78 MPa is observed in the GI9 

node at 400 °C. The initial stress value of the GI9 node is about 145 MPa. Thus at 400 °C, the gasket stress at the GI9 

node becomes relaxed by 67 MPa which is about 46% of the initial value. However, this stress is still greater than the 

minimum requirement showing that the inner edge of the 6in. flange gasket remains properly seated even at a higher bulk 

fluid temperature of 400 °C. 

Similar stress variation is also observed along the outer gasket nodes for 6in. flange as shown in Figure 15. At  

100 °C, minimal relaxation is seen with an average stress variation of around 4%. Similarly, at 200 °C, around 10% 

reduction in gasket stress occurs which further increases to about 16% at 300 °C. At 400 °C, greater relaxation is observed, 

and the gasket stress is reduced by 24% of the initial value. At 400 °C, the minimum stress of 121 MPa occurs in the GO9 

node which is about 75% of the initial stress value. Thus, the gasket stress remains within the acceptable limit for the case 

of 6in. flange, emphasizing the viability of 6in. flange joint for high temperature applications as compared to the 4in. 

flange joint. 
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Figure 13. Gasket stress variation with temperature along outer nodes (4 in. model) 

 

 

Figure 14. Gasket stress variation with temperature along inner nodes (6 in. model)  
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Figure 15. Gasket stress variation with temperature along outer nodes (6in. model) 

4.0 CONCLUSION 

The above study can be concluded as follows: 

1) Due to scattering phenomena, non-uniform bolt stresses are observed in both flange sizes. Greater bolt stress 

variation is observed in the case of 6in. flange which may be down to the higher number of bolts. 

2) In both flange models under structural loading, the gasket stresses are greater than the minimum seating stress and 

less than the yield limit. Also, maximum stress is observed through the outer gasket edge which is down to the 

rotation of the flange. 

3) The thermal loading greatly affects the performance of GBFJ. Due to high temperature, expansion of different 

components is observed which results in relaxation of the joint. At lower temperature, the effect is minimal. 

However, as the temperature is increased, it results in greater stress relaxation in both BFJ models. 

4) In 4 in. flange, the minimum gasket stress along the inner nodes becomes less than the minimum required stress (68 

MPa) at 300 °C. However, in the case of 6in. flange, the minimum gasket stress is found to be still greater than the 

minimum requirement even up to 400 °C. Thus, the 6 in. model is found to be more suitable for applications where 

the BFJ is subjected to high temperatures as compared to the 4in. model. 
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