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Abstract. The paper presents recently published literature research on the tightness and strength of 

flange joints. These could influence both the calculation and the maintenance of flange joints. Some of 

the research results have been compared to normative stipulations currently used in the calculation of 

flange joints. The presentation covers: – the influence of sealing gasket design and screw load on 

sealing; – the influence of creep on screw relaxation, and thereby on gasket sealing; – cracking in flange 

joints; – the influence of an additional axial force of flange joints on the rotation and on the deformation 

of flange joint components; – flanges without sealing gasket; – the influence of the method of flange 

joint bolt tightening on the uniformity of bolts loading and tightness. 
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1. Introduction 

 

• The feature that makes classical flanges stand out is the flange welded to the shell 

or pipe; an exception is represented by flanges bolted onto a connection or pipe and 

free flanges [1]. 

Welded flanges have the following disadvantages: – residual stresses in the thermal 

influence zone of the weld; – distortion of pipe/shell against the flange caused by the 

weld. A slight distortion in the welding process, after assembling the flanges with 

screws may result in damage to the sealing gasket, uneven grip in the circumferential 

direction, leading to premature untightening and fluid leakage. 
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• A new type of pipe/flange joint (Fig. 1) consists in the plastic deformation of 

the pipe inside the grooved flange [2] - [4]. The pipe is inserted inside the grooved 

flange, then undergoes cold plastic deformation by means of a hydraulic device. 
 

 
 

Fig. 1. Weld neck flange, 1, with grooves, 2, joined to a pipe, 3,  

by cold plastic deformation of pipe [5]. 

 

This happens exactly as in the case of the joint between the pipe and the tubular plate 

of heat exchangers [1]. This type of flange was patented by Quickflange Technology 

AS 3. In this technology, the pipe is inserted inside the grooved flange; one 

introduces a segmented tool inside the pipe, axially maintained by a threaded 

fastener, A hydraulically actuated piston pushes a cone into the expandable tool. By 

doing so, the tool segments move in the circumferential direction and radially 

expand. The radial expansion induces the pressure that generates the plastic 

deformation of the end and its "anchoring" into the flange grooves.  

The deformation of the pipe end with a hydraulic mandrel inserted therein, as one 

does when fixing pipes onto the tubular plate, could be, however, more efficient. 

In the case of these flanges one achieves both the anchoring of the pipe onto the 

flange grooves and a very good metal-to-metal interface sealing. The heating of the 

welding neck flanges and consequently their likely distortion are eliminated. 

On the other hand, local plastic deformations can be generated in the plastic 

deformation process, which reduces the strength of the pipe-flange joint. 

 

2. Research on flange joint sealing 

 

• At present, the tightness of a flanged joint is achieved by using a sealing gasket 

that is inserted between the two adjacent flanges (Fig. 2). Depending on the operating 

parameters (pressure, temperature) and the nature of the sealed fluid, various design 

solutions of sealing surfaces are being used (Fig. 3). 
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Fig. 2. Flange joint (1; 2) provided with a sealing gasket (6)  

and with clamping bolts (3); washer (4); nut (5) [1]. 

 

 
Fig. 3. Design solutions for sealing surfaces: a - with a simple plane surface and rectangular section 

gasket; b - with plane shoulder sealing surface, with rectangular section gasket;  

c, d - with plane sealing surface with threshold and hollow, with rectangular section gasket;  

e - with channel sealing surface with wedge, with rectangular section seal;  

f - plane surface with annular grooves; g - with channel sealing surface and wedge, with circular section 

seal; h - with an annular groove and a plane surface with a profiled section seal [1]. 

 

The quality of the flange surfaces that accommodate the sealing gasket, evaluated by 

their roughness, influences the tightness of the flange joints. On the other hand, with 

the increase of the seal width, the sealing improves. 

Roughness marks result in an imperfect contact between the gasket and the flange; 

the surfaces are only partially in contact, i.e. in the top roughness areas. The fluid 

may "slip" between the roughness marks that are not in contact with the other 

surface. The contact between the flange and the sealing gasket is imperfect so that 

the fluid may flow from inside the container between the flange and the sealing 

gasket. Roughness marks may be divided into three categories: - roughness that does 

not come into contact with the other surface; - roughness that comes into contact 
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with the other surface and is elastically deformed; - roughness that comes into 

contact with the other surface and are plastically deformed when tightening the 

sealing gasket. The best flange roughness is the one that ensures the lowest leakage 

in the sealed fluid. 
 

 
 

Fig. 4. Experimental installation for the measurement of helium leakage flow rate: 

1 - test chamber; 2 - flange joint; 3 - sealing gasket; 4 - helium bottle; 

5 - helium density sensor; 6 - helium leak detector; 7 - pipe [6]. 

 

Investigations of helium leakage between flanges and a corrugated, elastically 

deformed gasket and a plastically deformed metallic one (Fig. 4), in the case of three 

different roughness of a flange (1.5, 2.5 and 3.5 μm) and axial forces in bolts 

featuring 40; 60; 80; 100 and 120 kN have yielded the following [6]: 

– for an axial force in bolts relatively small, the modification of the roughness causes 

relatively large variations in the helium leakage rate. At relatively high axial forces 

there was found no significant influence of flange roughness on leakage flow; 

– with a plastically deformed gasket, in the case of a 3.5 μm flange roughness, one 

has found a helium leakage flow rate in all tested axial forces (Fig. 5). Consequently, 

this roughness is not suitable for such a seal; 
 

 
 

Fig. 5. Measured helium leaks in a flange joint with an elastically deformed gasket [6]. 
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– plastically deformed corrugated metal gaskets are more efficient than the 

elastically deformed ones. 

Such an analysis of flange joint performance, whose objective is the reduction of 

sealed fluid losses, was also performed for graphite gaskets corrugated in the radial 

direction. There was tested the possibility of reducing fugitive emissions of volatile 

organic compounds (VOC), for which an average flow rate of about 
113 smmg10 −−−   [7]; [8] is allowed. The VOC emissions are given off in two ways: 

– along the contact surface between the flange and the gasket; – by the sealing gasket 

material itself. 

The fugitive emissions flow rate increases approximately linearly with increased 

sealing fluid pressure. It has been found that for graphite gaskets [8] the fugitive 

emission rate (VOC) can be reduced by: 

– making fine graphite pores; – impregnating graphite with substances to be 

maintained during their operation; - the use of flexible gaskets whose capillary 

diameters decrease when the gasket is compressed; – reduction of seal thickness. 

• Flange joints with two concentric (double) gaskets (Fig. 6) were investigated to 

determine the influence of gasket pressure and sealing performance of the gasket on 

the joint [9]. Double gaskets of different widths and with different distances, ,gb
 

from each other were analyzed. Double gaskets – flanged joints have been found to 

withstand higher internal pressures than those with a single gasket.•  

 

 
 

Fig. 6. Flange joints with two concentric seals spatially separated by width gb .  

The sealing gaskets have the following widths ib - inner lining; eb - outer lining. ib  and eb  may be 

equal or different [9]. 

 

In general, the performance of the sealing gasket depends on the gasket pressure 

produced by the flange joint and working conditions 

One of the major problems of flange joints is fluid leakage through the pores between 

the gasket and the flange. The cause of these leaks is - after a while - the reduction 

of the contact pressure between the gasket and the flange due to bolts loosening and 
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the permanent deformation of the gasket. When assessing the pressure on the gasket, 

some authors took into consideration the nonlinear behavior of the gasket [10]; it has 

been found that fluid leakages occur in flange rotations even below 3.0 . Flange 

rotation and contact pressure value on the gasket depend on the gasket material, the 

pre-clamping force between bolts and the sealing fluid pressure. 

Flange rotation in the case of a single gasket is higher than that of two gaskets. 

Untightening occurs at higher internal pressures if the inner gasket has a greater 

width than the outside width [9]. 

• Mixed sealing gaskets. When undergoing stresses at high temperatures, high 

pressures or pressure fluctuations, non-metallic gaskets may have low sealing 

performance 

Under creep conditions the stress in bolts sometimes relaxes up to 70%. The decrease 

in bolt stress results in a reduction in the pressure on the gasket which further results 

in loss of tightness and leakage [11]. To avoid these drawbacks, one resorted to 

mixed gaskets [11]; [12] in three concentric rings: a metal outer ring, a middle 

graphite ring thicker than the metallic one, and a narrower inner metal ring (Fig. 7). 

In paper [12] such gaskets were investigated in cases of loading under creep 

conditions. 
 

 
 

Fig. 7. Flange joint (1 and 2) with mixed gasket from three concentric rings: 3 - graphite gasket;  

4 - outer metal gaskets; 5 - inner metal ring [11]:  

a – stress free joint (Ps = 0); b – joint tightened with force Ps > 0. 

 

The thickness of the graphite ring, acting as a sealing ring, is greater than that of the 

metal rings. In the case under study in paper [11] one used the sealing gasket shown 

in Fig. 8, wherein the thickness of the non-deformed graphite gasket is 2 mm larger 

than the one of the outer metal ring 
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Fig. 8. Mixed metal-to-metal contact gasket [[11]]. 

 

The inner metal ring is intended to constrain the graphite ring to the inside diameter. 

Metallic rings constrain deformation and prevent the fracture of the graphite gasket. 

The behavior of the graphite gasket under compressive stress is nonlinear (OA in 

Fig. 9). When unloading (continuous reduction of pressure on the gasket, q) the latter 

remains residually deformed (OB) when q = 0. When the graphite ring has reached 

the thickness of the outer metal ring (point A), the deformation of the graphite ring 

remains constant. In the case under study, that happens with a 2 mm deformation of 

the graphite gasket, which is equal to the difference between its thickness and the 

thickness of the outer metal ring. 

 

 
Fig. 9. Non-linear behavior of the graphite gasket: the dependence of seal pressure, q, on the 

deformation of the graphite gasket in the direction of its thickness [[11]]. 

 
At this point the flanges come into contact with the outer metal ring, which provides 

additional sealing and compensation for the pressure drop on the gasket as a result 

of relaxation the stress inside the bolts. Researches carried out [11] proved the 

necessity to provide a stress inside the bolts ranging ( ) Yσ4.0...3.0   (where Yσ is the 

bolt material yield point) under creep conditions. The use of mixed gaskets (Fig. 8) 

can reduce the relaxation effect induced by creep. 
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3. Flange joints without sealing gaskets 

 

In recent years, research has been carried out on flange joints without a sealing 

gasket, so that the sealing is done by direct contact between the two flanges (Fig. 

10). The contact pressure is ensured by tightening the bolts. 

 

 
 

Fig. 10. Flange joint without sealing gasket:  

1, 2 - flanges; 3 - bolt; 4 – stud bolt [[13]]. 

 

The inner pressure fluid, p, tends to "slip" at the interface between the two flanges; 

it creates an "opening" similar to a crack, along length a0 (Fig. 11). 
 

 
 

Fig. 11. "Opening" similar to a crack  

generated by fluid under pressure [13]. 
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The fluid drainage occurs when aa =0
, where a is the distance from the inner 

surface of the flange to the edge of the bolt hole; the fluid comes out through the 

flange bolt hole. Generally, the bolt axis is very close to the inner surface of the 

flange/vessel. It has been found [13] that untightening occurs at inner pressure, p, 

that: 

– it is directly proportional to the pre-loading force in the bolts;  

– it decreases with an increase in distance, A, between the bolt axis and the inner 

surface of the vessel (Fig. 10); 

–it decreases as the pitch between the bolts increases. It is recommended that one 

should choose as small a pitch as possible; 

–it increases by increasing the flange width to a certain value, after which the 

unsealing pressure remains constant; 

–it is little sensitive to the flange thickness; the only exceptions are the very thin, 

flexible flanges, that influence the unsealing pressure. 

 

4. Researches concerning flange joints under creep conditions 

 

Flanges under creep conditions were analyzed in works [14]-[16]. 

The effect of sealing gasket relaxation on the annular flange joint was investigated 

in works [14]; [15]. The continuous relaxation of the gasket over time reduces the 

stress in the gasket to a critical value sealing-wise, which can cause the gasket to 

break due to the leakage flow rate. In order to avoid fluid leakage, the pressure on 

the gasket must be higher than the sealing pressure iet pmq = , where ip is the 

maximum fluid pressure during the flange joint operation, while 1m  - a 

characteristic the gasket factor. A finite element analysis, in a given case, showed 

a 30 - 40% reduction in the stress on the sealing gasket after 15,000 hours [14]. 

It has been found that in flanges of relatively large diameter, the rotation of the flange 

becomes important for the value of the contact pressure between the flange and the 

gasket [15]. 

Current design norms do not take into consideration the effect of high temperatures 

on fluid leakage and on the strength of flange joints. It is necessary to introduce creep 

influence in the current design method [16]. The theory developed in paper [[16]] 

for determining the creep effect on the flanges was verified with the 3-D - finite 

elements method. Fig. 13 shows the relaxation of the bolts (Fig. 13, a) and the 

relaxation of the sealing gasket (Fig. 13, b) for a hub flange assembled with a plane 

plate, as components of a heat exchanger (Fig. 12). 
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Fig. 12. Assembling a hub flange (1) with a plane plate (2) in a heat exchanger;  

3 – sealing gasket [16]. 

 

 
Fig. 13. For the heat exchanger with D = 914.4 mm, the decrease in time due to creep (relaxation) of: 

a- tensile stress in the bolts (a); - the compressive stress in corrugated metal sealing gasket (b) [16]. 

 

 

5. Flange joints with cracks 

 

For flange joints used in pipeline systems in the oil, gas, chemical, nuclear industries, 

the presence of cracks may have catastrophic effects. Such flange joints are statically 

under load, but in some cases they may be fatigue or seismically loaded. In such 

cases, sometimes, the flanges are built with non-standard sizes [17]. Additional 

effects on flange joints may occur due to: a – flange rotation due to the bending 

produced by the pipes to which they are being joined (Fig. 14, a), or the axial 

displacement caused by additional traction forces induced by the pipes (Fig. 14, b). 
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Fig. 14. Additional effects upon flanges: a - additional rotation θs of flanges (1)  

due to rotation φ2 and φ3 of pipes 2 and 3 to which they are joined; b - axial displacements u1  

and u2 determined by the axial force in the pipes, F [17]. 

 

Fig. 15 shows photographs of flange joints where there occurred some fracture in the 

area of thermal influence of the welding (Fig. 15), or fracture and buckling under 

fatigue loading with a very small number of cycles (Fig. 15, b). 

 

 

 
Fig. 15. Fracture (a), fracture and buckling (b) in the zone of thermal influence of the weld between 

flange (1) and pipe (2); 3 - fracture; 4 - buckling [17]. 

 

In such cases, for the materials of the flange joint components are important: the 

flange leakage rate, the pipe material ductility and the capacity of load-induced 

energy dissipation. 

In the elbow with flanges (Fig. 16), cracks have been found in the thermal influence 

zone of the weld between the flange and the elbow [18]. 
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Fig. 16. Elbow (1) with welded flanges (2 and 3); 4 - crack area [18]. 

 

The flanges are used for a removable assembly when long multi-sectional cylinders 

are made and, for this purpose, no welding of cylinder sections is used. An example 

is the rotary dryer in Fig. 17 [19]. 

 

 
 

Fig. 17. A rotary dryer made up of three sections (1-3) 

 assembled together with a removable flange (4; 5); 6 - toothed crown  

for triggering drum rotation (2.5 rotations/minute); 7; 8 – support rings [19]. 

 

These flange joints are statically as well as variably loaded as they are subjected to 
6104.2  cycles throughout their use. 

After about two years of dryer use, cracks were observed at the surface of the annular 

flange, near the weld with the shell (Fig. 18). 
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Fig. 18. Cracks (f1 şi f2) at the joint of the flange (1)  

with cylindrical shell (2). [19] 

 

 

 

 
One of the causes of cracking was the use of a discontinuous weld across the entire 

thickness of the flange. Consequently, one should not use partial welds along the 

flange thickness on large, non-standard flanges, but weldings that go across the entire 

thickness of the flange. 

The non-standard flanges used to assemble tubular elements, structural components 

such as bridges, windmill towers, radio/television antennas, offshore structures, etc., 

undergo various types of loads (induced by forces in the operating conditions, wind 

or wave loads, etc.) or loads of a different nature (monotonic, cyclic ...) and they 

have been examined in numerous papers, including [20]-[29]; loads for a small 

number of cycles and unlimited cycles have been taken into consideration. 

A structure made of a tube with welded end flanges (Fig. 19, a) was subjected to 

torsion featuring pulsating and symmetrically alternating pulses, respectively (Fig. 

19, b). The initiation of cracks, determined on a fatigue testing gauge, occurred at 

the root of the weld (Fig. 20). 
 

 
 

Fig. 19. Tubular structure with welded end flanges (a); under torsional fatigue loading (b):  

1 - flange bolts; 2 - arm; 3 - connecting rods; 4 - hydraulic actuator [30]. 
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Fig. 20. Example of torsional fatigue failure by pure torsion  

at the root of the weld [30]. 

 

6. Flange joints additionally loaded with an axial force 

 

• Often literature, but especially design rules analyze and/or deal with the problem 

of flange joint strength, while the problem of leakage has remained a matter of great 

interest to industry. Similarly, the superposition of inner pressure loading and axial 

forces is little studied in the literature. 

Paper [31] looks into the behavior of a flanged joint under the load of bolt pre- 

loading force, inner pressure and axial force by following two hypotheses: one where 

the pre-loading calculated according to ASME code [32] and another where the force 

of pre- loading is calculated according to industrial strategy [33]. 

Generally, the performance and strength of a flange joint, as previously shown, 

depends on the bolt pre-loading and the bolt sequence of assembly. The analysis of 

a hub flange joint with a spiral winding gasket under bolt force loading, inner 

pressure and additional axial force (Figure 21) has yielded the following results [31]: 

– an increase in the bolt pre-loading force improves tightness but causes higher 

stresses in the flange hub, which reduces its mechanical strength; 

– a relatively low pre-loading force may result in reduced flange joint tightness; 

– the pressure on the gasket is not influenced by the additional axial force. However, 

the additional axial force along with the internal pressure causes the pressure on the 

gasket to be reduced, which has the effect of relaxing the sealing gasket; 

– above a certain value of the additional axial force (lower in the pressure test than 

in the case of  in-service pressure during operating conditions), the contact pressure 

between the flange and the gasket may become less than the recommended 

tightening pressure for the gasket, which affects tightness. 
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Fig. 21. Flange joint under bolt force load (Ps,0), inner pressure (p)  

and additional axial force (Fax). 

 

Similar conclusions were drawn in the wake of the analysis of a flange joint with 

two annular gaskets separated by a space wherein the fluid passing through the first 

sealing ring [34] was to be discharged. 

• Some flange joints are provided with pins or shear cones (Fig. 22) designed to 

ensure the strength of the joint under transverse loading forces; strength under axial 

loads is ensured by bolts. 

 

 
 

Fig. 22. Bolted flange (1; 4) connection with shear pin/cone (3): 

a – assembly structure ; b – section view of shear pin/cone; c – section view of bolted flange 

connection [35];[36]. 
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Such flange joints are used in dynamically loaded structures. Paper [36] has 

undertaken simulations of the behavior of such a joint under the harmonic or impact 

loads produced by a bending moment. It has been found that part of the transverse 

force is redirected by the pins to axial loading. 

An analysis was made of the dependence of the maximum equivalent stress in 

the pin joint on the ratio of bending frequency and the axial loading frequency. 

In one of the analyzed cases it was found that the maximum stress value is affected 

by the inclination of the pin generator, by the circular frequency of the vertical 

movement and by the pulse of the shear stress. 

Some telecommunication towers are provided with circular flanges welded by 

tubular elements and tightened together with pretensioned bolts. When the flanges 

are axially loaded, axF , the bolts undergo both axial stresses as well as bending 

moments (Fig. 23). The value of the stress induced by the bend in the bolt depends 

on the bolt pretensioning and the flange thickness [37]. 

 

 
 

Fig. 23. Flange joint with bolts subject to bending as a result of their pretensioning  

and axial force application, Fax, to the pipes to which they are connected [[37]] (a)  

and the unloosening force 
desP , produced by inner pressure, p(b).  

 

In the case of an axial load, Fax, 
without internal pressure, for a given construction, 

the following [37] were found : 

– displacement u - measured at the level of the weld between the flange and the pipe 

flange - increases with the increase in axial stress in the bolts, ,σ saxs AF=
 
where 

sA  is the area of the bolt cross section (Fig. 24);  
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Fig. 24. Dependence of axial bolt stress, 
sσ and displacement u for two flange thicknesses 

(50 and 30 mm, respectively) [37]. 

 
– under compressive axial force ranging in the analyzed case between zero and  

 -200MPa, the diagram us −σ  is linear; 

– under axial traction force, ranging between zero and 200MPa, the diagram us −σ

is partly nonlinear and dependent on the flange thickness. For the same stress value, 

sσ , the displacement is greater in the thinner flange which has less stiffness; 

– the pre-loading force for a bolt is written as,
 0,sP  (Fig. 25), and 0,0, ~ ss P ; pre-

loading the bolts with 0σ s  also influences the flange deformation. The higher the 

stress, sσ , the greater deformation u;. 

 

 
 

Fig. 25. Dependence of bolt axial stress,
 sσ , upon displacement u for four values of the bolt  
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pre-loading force, for the 30 mm flange (Fig. 24) [37]. 

 

In the case of vibration a tubular structure occurring in pipes connected to each other 

by flanges, the stress in the bolts varies between 0,σs  (bolt pre-loading stress) and a 

maximum value, maxσ , which results in bolt material fatigue, with the risk of 

breaking one or more bolts. As a result, the stiffness of the flange joint decreases, 

which increases the opening or rotation θ of the flanges, as well as the additional 

loading of the other bolts, which should be avoided. 

 

7. The influence of the bolt tightening method upon the tightness  

and strength of flange joints  

 

From research on the importance of stress and stress uniformity in bolts in the case 

of hub flange joints, the following conclusions [38] have emerged: 

– the axial stress variations induced by pre-loading between the bolts of the same 

joints are lower in the case of controlled tightening stress (with a hydraulic bolt 

tensioner and the manual tightening of the nut) as compared to tensioning by torque 

control (with the key torque). In the first case the tightening of the bolts can be done 

simultaneously, whereas in the second case the tightening is done successively; 

– when stress occurs via controlled tightening, the bolts are subjected to close 

bending moments, whereas in the case of torsional torque control there are 

differences between the bending moments applied to each bolt; 

– with increased flange diameters, stress variations in bolts, gasket and flange 

decrease; 

– the torques required to tighten the bolts provided in the ASME code [39] are larger 

than for the industrial ones [40]] With the ASME recommended torque moments, 

the flange joints are overloaded and the yield is started earlier. 

Due to the limitations imposed by experimental work on flange joint research, many 

researchers have performed detailed studies by using the finite element method [38], 

[41]-[55]. 

The tightening of the bolts and the order in which it is carried out affects both the 

uniformity of bolt loading as well as its tightness. In [12] these problems were 

analyzed in the case of a flange joint provided with a mixed gasket of three 

concentric elements 

It is estimated that 50 - 80% of the leakage between flange joints elements was due 

to the uneven grip of the bolts [12]. Bolt tightening control is essential to ensure 

sealing in flange joints. Tightening the bolts cannot be done simultaneously. It is 

done in a certain order that "dictates" the degree of unevenness in bolt tightening. 

There have been compared three types of bolt tightening in the case of an 8 bolt 

flange joint [12]. The ASME recommendations for clamping methods refer to 

"floating bolted flanges joint". 

The star assembly pattern (Fig. 26, a) is recommended by ASME PCC-1 [32] as 

being the best. The load on the bolt increases in three consecutive tightening rounds 

to reach 100% of the prescribed preloading, after which the bolts are tightened 
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successively still two more times in a clockwise direction to obtain a uniform bolt 

loading [12]: 

- first turn: 20 - 30% of the prescribed preloading. Tightening order: 1, 5, 3, 7 - 2, 6, 

4, 8. 

- second turn: 50 - 70% of the prescribed preloading. Tightening order: 1, 5, 3, 7 - 2, 

6, 4, 8. 

- third turn: 100% of the prescribed preloading. Tightening order: 1, 5, 3, 7 - 2, 6, 4, 

8. 

- fourth and fifth turn: 100% of the prescribed preloading. Order of tightening: 

successive, clockwise. 

 

 
Fig. 26.a – Star assembly pattern of flange joint bolts;  

b - Tightening with method #3 [12]] 

 

The tightening marked as # 3 recommended by ASME [32] is the simplest; at the 

beginning only four bolts are fastened (Fig. 26, b), after which the tightening is 

performed in clockwise direction 

- first turn: 20 - 30% of the prescribed preloading. Tightening order: 1, 5, 3, 7; 

- second turn: 50 - 70% of the prescribed shaving. Tightening order: 1, 5, 3, 7 

- third turn: 100% of the prescribed preloading. Tightening order: 1, 5, 3, 7; 

- fourth and fifth turn: 100% of the prescribed preloading; tightening clockwise. 
 

The SH method of tightening was devised in [12] for mixed seals (Fig. 27). In the 

first step of bolt tightening, the gasket acts as a floating bolted flanges joint because 

the tightening is transmitted to the graphite ring. After three clamping rounds, the 

graphite ring is compressed to the thickness of the outer metal ring. After that, the 

sealing gasket acts like a hard metallic gasket. The sequencing of tightening is shown 

in Fig. 27 [12]: 

first turn: 50% of FMMC, in the sequence: 1, 5, 3, 7 - 2, 6, 4, 8; 

second turn: 110% tightening of FMMC, in the order 1, 5, 3, 7 - 2, 6, 4, 8 (provides the 

metal to metal contact between the flange and the outer ring of the joint gasket); 
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- third turn: 110% of FL, in the order: 1, 5, 3, 7 - 2, 6, 4, 8 (causes more uniform bolt 

loading); 

- fourth and fifth turn: 100% load of FL clockwise. 
 

 
 

Fig. 27. SH method for tightening mixed seals: The FMMC is the minimum  

preloading force that ensures metal-to-metal contact (flange-metal outer ring);  

FL – bolt preloading force in bolts, prescribed [12]. 

 

Fig. 28 shows the experimental installation for determining the correlation between 

bolt and flange joint sealing. 
 

 
 

Fig. 28. Experimental setup for examining the correlation between bolt loading  

and flange leak rate [12]. 

 

Bolt tightening was performed with a dynamometric torque wrench, by torsion. 

Tensiometers were used to determine bolt loads and a data acquisition system for 

specific bolt strains. A sensor for measuring the pressure difference in the system 

allows you to indicate the moment of unsealing. 
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From the comparison of the results for the three tightening alternative, one found 

that the dispersion of clamping force values and leakage rates were the lowest in the 

case of fixing by using the SH method (Fig. 27), followed by Method # 3 (Fig. 26, 

b) and the star assembly pattern method (Fig. 26, a). The SH tightening method has 

obvious advantages over the other two investigated methods, including the use of a 

smaller number of tightenings. 

 

8. Results used to assess the strength and tightness of flange joints 

 

Some published results [63]-[67] can be used by expanding the research initiated in 

these papers.  

For example, some proposals for improving the strength calculation methods are 

outlined in works [64]; [65]; [67]. The leakage problem, in correlation with sealing 

gasket behavior, is addressed in paper [63] concerning the fatigue loading of sealing 

gaskets. The behavior of the sealing gasket when considering the reduction in sealing 

pressure between the two bolts of a flange joint is dealt with in [66] which defines 

and proposes a pressure attenuation factor on the gasket in the circumferential 

direction of the flange. 

 

9. Conclusions 

 

Some previous works emphasized the additional calculations required to 

complement the official calculation method of flange joints. Work [61], for example, 

rationalizes and suitably adopts the proposals for rounding off calculations for flange 

joints. In order to complement the official calculation methods for flange joints, 

further experimental checks are required regarding:  

– the temperature difference between the flange and the bolt while in service and in 

the transient mode; 

– in-service behavior of the sealing gasket; 

– rotation of the flanges and rotation of the bolts during pre-tightening and after 

pressurization; 

– bolts bending after pressurizing the vessel or the pipes; 

– bolt relaxation under creep conditions. 
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