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Abstract 
 

Tightness of flange joints for large polyethylene pipes – 

Part 2 Full scale experimental investigations 
 

 

Leakage that sometimes occurs in flange joints in large size plastic pipelines for water 

supply is a serious problem. Research was undertaken in order to improve the knowledge 

about the function of such flange joints. The objectives were partly to find out the degree 

of sensitivity of the design, i e if small deviations from recommended practise is critical, 

partly to be able to suggest improved design and mounting procedures. 

 

One part of the investigation was a numerical (FEM) study of several geometries, which 

was reported in [2]. Use of a time-dependent material model made it possible to follow 

the development of deformations and flange surface pressures for long times. Although 

several important principal findings were made, the tightening procedure and exact 

material behaviour could not be modelled. Therefore a series of full-scale experiments 

were made on 630 mm pipes, for a number of combinations of flange dimension and 

gasket type. This second part of the research is reported here. 

 

Since four of the twenty bolts were instrumented, the bolt forces could be monitored and 

be related to the torque and to the pressure in the pipe over time. This resulted in novel, 

important information about the functioning of plastic flange joints.  

 

In short, the experiments were performed in the following way. First, the bolts were 

tightened in the recommended criss-cross fashion to pre-determined torque levels. Then 

the pressure in the pipe was increased until leakage occurred. For combinations of 

flanges, gaskets and torques where the joint was tight for pressures above 13 bars, the 13 

bar  pressure level was maintained for up to one week. 

 

The relationship between bolt force and torque does not agree at all with the frequently 

used rule of thumb formula, for the galvanized bolts used here. The bolt force was 

typically less than half the value obtained by the formula. Hence it is critical to verify the 

friction for the used combination of bolt material, surface treatment, and lubrication.  

 

The bolt forces also appear to be unevenly distributed, which is partly due to successive 

creep during the tightening procedure. For the high stresses in the flange creep is 

significant already for so short times as a few minutes, and the effect is increased by the 

fact that the bolts and backing rings are much stiffer than the plastic flange. 

 

For both the wide and the narrow (ISO) flange type used it appears that rubber gaskets 

perform better, in the sense that the joint is tight for lower applied torques. The hyper- 

elastic material properties help to smooth unevenness in the flange surface and to 

compensate for creep in the plastic. 

 

Use of SDR 17 pipes at pressure levels of 13 bars means considerable creep expansion of 

the pipe, although it is possible to obtain a tight joint. The expansion gives a wringing 

effect at the flange, also observed in [2], which contributes to  concentrate the flange 

pressure to the outer parts of the flange surface. 

 

In summary, flange joints are possible to mount so that they are tight, also for 630 mm 

pipes. Since the design is a sensitive one it is vital to follow recommendations for 
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mounting of different combinations of flanges and gaskets. In particular, knowledge 

about the relationship between torque and bolt force is important. 
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Preface 
 

This project was initiated in 2008 after several incidents with leaking PE-flange joints of 

larger pipe diameters had occurred. Ingemar Björklund at the Nordic Pipe Manufacturers 

Association (NPG) and Hans Bäckman at Svenskt Vatten (Swedish Water Association) 

formed the content in cooperation with SP in order to gain better knowledge of the 

interplay between the design of the pipe joint, the mounting and the stress relaxation 

which leads to a leaking flange joint.  

 

The first part of the project concerns numerical investigations of the behaviour of pipe 

flange joints in operation in order to understand the time dependent process that leads to a 

leaking joint after some time and under specific circumstances. 

 

This report describes the second part of the project in which full scale tests were 

conducted on pressurized pipes having a flange joint. The pipes containing stub ends and 

pertinent steel backing rings were provided by KWH Pipe Ltd, Vaasa, Finland. 

 

The authors would especially like to thank Ingemar Björklund who has given valuable 

suggestions of a proper set of test cases. Moreover, Jan-Åke Sund and Peter Forslund at 

KWH Pipe Ltd, Vaasa, Finland have shared information from laboratory investigations 

carried out by KWH which is greatly acknowledged. Thanks also to Roger Bengtsson at 

Specma Seals in Göteborg with whom we have discussed suitable tightening and contact 

stress. 

 

The project has been funded by SP, Svenskt Vatten Utveckling, NPG and Kontrollrådet 

för plaströr. 

 

Göteborg, September 2011 

Lars Jacobsson, Hans Andersson and Sven-Erik Sällberg 
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Sammanfattning 
 

 

De läckage som ibland uppträder i flänsförband i grova rörledningar av plast för 

vattenförsörjning är ett allvarligt problem. Ett forskningsprojekt har genomförts för att 

öka kunskapen om hur sådana flänsförband fungerar. Syftena var dels att kunna se hur 

känslig konstruktionsprincipen är, d v s om små avvikelser från rekommenderade 

förfaranden är kritiska, dels att kunna föreslå förbättringar i konstruktion och montage. 

 

En del av arbetet utgjordes av en numerisk (FEM) studie av ett antal geometrier, med 

användning av en tidsberoende materialmodell, som har rapporterats i [2]. Användningen 

av en tidsberoende materialmodell gjorde det möjligt att följa utvecklingen av 

deformationer och tryck i flänsytorna under lång tid. Även om ett antal principiellt 

intressanta resultat erhölls så kunde sådant som åtdragningen av skruvar och exakt 

materialbeteende inte simuleras. Därför genomfördes en serie experiment i full skala på 

630 mm rör för ett antal kombinationer av flänsgeometri och packning. Det är denna 

andra del av forskningsuppgiften som rapporteras här. 

 

Genom att fyra av de tjugo skruvarna i ett förband instrumenterades kunde skruvkrafterna 

följas och relateras till åtdragningsmoment och övertryck i röret över tid. Detta gav ny 

och viktig kunskap om hur flänsförband i plast fungerar. 

 

Experimenten genomfördes kort uttryckt, på följande sätt. Först drogs skruvarna åt 

korsvis på rekommenderat sätt till förutbestämda momentnivåer. Sedan ökades trycket i 

ledningen till dess att läckage uppträdde. För sådana kombinationer av 

åtdragningsmoment, packning och flänsgeometri som höll tätt upp till, och över, 13 bar 

hölls nivån 13 bar konstant upp till en vecka. 

 

Sambandet mellan skruvkraft och moment stämmer inte alls med den allmänt använda 

tumregeln, för de galvaniserade skruvar som användes här. Skruvkraften var typiskt lägre 

än hälften av det värde som anges av tumregeln. Därför är det vitalt att verifiera 

friktionen för den använda kombinationen av skruvmaterial, ytbehandling och smörjning. 

 

Skruvkrafterna visar sig också vara ojämnt fördelade vilket delvis beror på fortgående 

krypning under åtdragningen. För de höga spänningsnivåerna i flänsen blir krypning 

tydlig även för så korta tider som några minuter, och effekten förstärks av att skruvar och 

bordring är mycket styvare är plastflänsen. 

 

För både den breda och den smala (ISO) flänstyp som använts visar det sig att 

gummipackningar ger bättre resultat, i meningen att de håller tätt för lägre 

åtdragningsmoment. Det hyperelastiska materialet bidrar till att kompensera för 

ojämnheter i flänsytorna och för krypning i plastmaterialet. 

 

Användning av SDR 17-rör vid trycknivån 13 bar innebär betydande kryputvidgning av 

röret, även om det är möjligt att få flänsförbandet tätt. Utvidgningen ger en 

krängningseffekt vid flänsen, som också observeras i [2] och som bidrar till att 

koncentrera flänstrycket till den yttre delen av flänsytan. 

 

Sammanfattningsvis kan sägas att det är möjligt att montera flänsförband så att de håller 

tätt, också för 630 mm rör. Genom att det är en känslig konstruktion är det viktigt att följa 

rekommendationerna för montering av olika kombinationer av flänsar och packningar. 

Speciellt är det av betydelse att känna sambandet mellan åtdragningsmoment och 

resulterande skruvkraft. 
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1 Scope and objectives 
 

Leakages have been reported at several instances for flange joints in pressurized 

polyethylene (PE) pipelines of larger sizes (>400 mm diameter) and in particular with the 

geometry factor SDR 17. The leakages have occurred in spite of the fact that mounting 

recommendations have been followed, at least as reported. 

 

Since considerable economic interests are at stake, and since this type of pipeline may be 

critical for society, e g as regards water supply, there is a need for improved knowledge 

about the function of flange joints in pressurized pipelines. Important factors are the 

influence of gaskets, and the procedure for tightening of bolts. 

 

For the diameter 630 mm there is the standard flange width according to ISO [1] and a 

wider flange proposed by the pipe manufacturer KWH that constitute two alternatives for 

flange width, which is the subject for discussion.  

 

Previously, a theoretical analysis has been performed including extensive FEM 

simulations [2], revealing some principal features. Still, since that analysis is built on 

models of material behaviour based on medium time (of the order of 100 h) experiments, 

and idealized conditions for bolt tightening, it is highly desirable also to perform some 

full scale experiments. 

 

In the work reported here experiments have been performed on a 630 mm pipe joint, 

where flange width, gasket type, bolt tightening torque, and pressure have been varied. 

The intention is to demonstrate which parameters are essential, how a tight joint can be 

obtained, and to what extent the numerical model agrees with the experimental findings. 
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2 The experimental set-up 
 

Stub ends with the two existing flange types have been welded on to the ends of two short 

630 mm pipe sections, each one of length 1.6 m. Together with end seals and steel 

backing rings both flange types can then be evaluated in an acceptably convenient way. 

The pipes were aligned against each other by placing the pipes on two adjustable supports 

each in order to minimise the effort to close the joint. 

 

The set up is shown in Figure 1. It is connected to a pressurizing device capable of 

changing the pressure by 0.1 MPa/min, and then to keep the pressure constant within 

+ 0.05 MPa. The measured pressure has an uncertainty of less than 1%. The measurement 

can be logged. 

 

A critical point of the investigation of the flange joint is of course the measurement of the 

bolt forces. Therefore four of the 20 bolts have been equipped with three strain gauges 

each, in 0, 120
o
 and 240

o
 directions around the diameter to compensate for possible 

bending moments, see Figure 2. The bolts and the multi-channel measuring device have 

been calibrated by the aid of a calibrated force transducer in a servo-hydraulic testing 

system, so that uncertainties of measured forces are within 1%.  

 

Hence, the bolt forces and the pressure can be logged as functions of time, constituting 

the essential results of the investigation.  

 

In normal mounting of flange joints one has to rely on the torques applied to the bolts, 

and a rule of thumb relationship between these torques and the bolt forces. The torques 

have been measured by an instrumented wrench calibrated to within 1% for torques up to 

340 Nm. 

 

 

Figure 1 Photo showing the test set-up.  
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Figure 2 Screws with installed unidirectional strain gauges, washers and nuts.  

 

 

The circumferential deformation was measured about 400 mm from one of the pipe ends. 

The measurement was carried out using a thin wire which was laid around the pipe. The 

ends of the wire were connected to a string potentiometer which had a measurement 

accuracy within 1%. 

 

The flange geometries investigated are described in terms of the parameters shown in 

Figure 3. 

 

The pipe has D0 = 552 mm and dn = 632 mm (SDR17).  

 

For the wide flange (KWH) the measures are h3 = 65 mm, and D4 = 725 mm and for the 

narrow flange (ISO) the measures are h3 = 65 mm, and D4 = 685 mm. 

 

The same steel backing ring was used during both tests in order to reduce the number of 

variables. It has a compact cross section which yields a stiff response and has the 

measures t = 55 mm, D = 840 mm, D2 = 645 mm and D1 = 35 mm. 

 

 
 

Figure 3 Parameters defining the flange geometry.  
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A steel backing ring slightly U-profiled which has the principal measures t = 41 mm, D = 

782 mm, D2 = 645 mm and D1 = 30 mm was aimed for the ISO-flange, but was not used 

in the current tests. This design, yielding a more flexible behaviour, has been proposed by 

others, e g Akatherm [3]. 

 

In all cases there are 20 M30 bolts, positioned along the circumference as number 1–20 

and with the instrumented ones placed as number 1, 6, 11 and 16. The bolts are warm 

galvanized and they are lubricated with a light universal grease (Loctite 8106) as 

recommended by [4]. Warm galvanized steel washers were placed between the backing 

ring and the nuts. 

 

The plastic flange measures given are approximate, varying along the circumference by 

some tenths of a millimetre. 

The three gaskets investigated are: 

- A Klingersil C-4500 [5] fibre gasket which is rather rigid as compared to rubber. 

- A G-ST Kroll & Ziller slightly profiled  rubber gasket with a steel core, c f Figure 4. 

- A G-ST-P/S Kroll & Ziller a profiled rubber gasket with a steel core and with an 

integrated O-ring, c f Figure 4. 

The Klingersil gaskets had the dimensions 550x685x1.5 for the narrow ISO flange and 

550x725x1.5 for the wide flange. The G-ST and G-ST-P/S gaskets for PN 10 (620x69x7 

respective 620x695x7/10) were used for the narrow ISO flange and those for PN 16 

(620x735x7 respective 620x735x7/10) were used for the wide flange. 

 

 
 

Figure 4 Cross sections of the Kroll & Ziller profiled gaskets [6]. Left: Type G-ST; 

Right: G-ST-P/S. 
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3 The experiments performed 
 

The experiments performed are for convenience grouped in cases according to Table 1. 

As is seen a considerable number of flange geometries and gasket types has been 

investigated. 

 

The cases are presented in chronological order. This means that the first cases are more or 

less of a learning type where trial and error gives some initial, but still essential insight, 

not least of the function and importance of bolt tightening. In the subsequent cases 

successful combinations are evaluated at a test pressure of 13 bar for at least some days.  

 

It should be noted that in the later cases of each flange geometry there is a risk for 

permanent, visco-plastic, deformation at the flanges so that the initial creep properties are 

changed and the material seems more “stable”.  This effect is to some extent compensated 

for by performing the experiments for different gasket types in reversed order for the two 

flange types, according to Table 1.  

 

 

Table 1 Combinations of flange geometries and gasket types. 

 

 Geometry Gasket 

Case 1 Wide flange None 

Case 2 -“- Klingersil 

Case 3 -“- G-ST 

Case 4 -“- G-ST-P/S 

Case 5 Narrow flange G-ST-P/S 

Case 6 -“- G-ST 

Case 7 -“- Klingersil, first mounting 

Case 8 -“- Klingersil, second mounting 

 

3.1 Case 1 and 2 – some interesting findings for wide 

flanges 
 

One way to configure a flange joint is to use no gasket and a rather high torque, with re-

tightening after one or two days, and before pressurizing [4].  

 

This is simulated in Case 1 by increasing the torques successively to the levels 50, 110 

and 165 Nm. Each level is reached by tightening in four rounds to compensate for 

material creep during the procedure. At each level a rising pressure is applied to find out 

at what pressure leakage occurs.  

 

First, the tightening procedure reveals some interesting effects, demonstrated by the logs 

of the instrumented bolts for the torque levels 110 and 165 Nm as shown in Figures 5a 

and 5b. The torque is applied in the sequence [4] 

 

1-11-6-16  >>  3-13-8-18  >>  5-10-15-20  >>  2-12-7-17  >>  4-14-9-19 

 

meaning that the instrumented bolts are tightened first in each round. The time difference 

is one day between the 110 and 165 Nm levels. 

 

Here, and in the sequel of the report, the mentioning of a torque level means that this is 

the torque at each bolt at its last round of tightening, and that relaxation takes place at 

each round from bolt 1 to bolt 20. 
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Figure 5a Log of bolt forces when a torque of 110 Nm is applied in four rounds.  

 

 

 
 

Figure 5b Log of bolt forces when a torque of 165 Nm is applied in four rounds.  

 

 

From the logs it is seen that the successive tightening during each round gives room for 

considerable redistribution of forces. This is even more pronounced for the lower load 

level, probably since there are minor unevenness at the surfaces which are squeezed 

together. It is possible to see the order in which the bolts are tightened, and then 

successively unloaded when the other bolts are tightened, see the order given above for 

not instrumented bolts. The effect is natural, considering that the bolts are very stiff in 
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relationship to the polymer, a change in force of 10 kN corresponds to only a few 

hundredths of a millimetre in the length of a bolt, even though the steel backing ring has a 

smoothing out effect. 

 

Further, it is seen that the forces obtained are much lower (50–70%) than estimated from 

the rule of thumb relationship (corresponding to the violet line) between torque and force, 

even though this relationship is rather “generous” in its estimate of friction coefficient 

( = 0.2) as compared to handbooks on bolted connections, see [2]. The effect may be 

due to the use of galvanized bolts in this case, and is a memento for use in the field of this 

type of bolts. In [7] a factor of 0.23–0.24 instead of 0.2 is given for this surface treatment 

and with no lubrication. 

 

Finally, it is also seen that there is a considerable difference in final force for the 

instrumented bolts, and probably so for the other ones as well. One cause of this may be 

varying friction conditions. In [7] an uncertainty of around 30% is given for the 

relationship between force and torque in galvanized bolts. 

 

For all the three torque levels considerable leakage occurs for low pressures, around 

2 bars. At least at the torque level 165 Nm this can not be attributed solely to the low 

contact pressure in the joint, although this is lower for the wide flange than for the narrow 

one. Probably there is unevenness in the flange surfaces. Whether this may be flattened 

out if the intended nominal forces of around 37 kN for a torque of 220 Nm, [2] and [4], 

are obtained, by bolts with less friction and re-tightening, is a question unanswered.  

 

The same principal leakage behaviour is obtained in Case 2, where a rigid Klingersil 

gasket is inserted. The only difference is that the torque level 220 Nm is added and that 

the pressures at leakage are slightly increased, to 3–4 bars at the torque levels 110-

220 Nm. 

 

3.2 Cases 3 and 4 – use of rubber gaskets for the wide 

flanges 
 

First, a flat rubber gasket, G-ST, was mounted for Case 3. The first day the torque levels 

applied were 35, 40, 50, 55 and 70 Nm. The second day the following levels were 

applied, with pressurizing at each level: 

 

 110 Nm with leakage at 2.4 bar and finalising the pressure test at a maximum of 

3.2 bar 

 165 Nm with leakage at 3.7 bar and finalising the pressure test at a maximum of 

5.6 bar 

 220 Nm with leakage at 7.2 bar and finalising the pressure test at a maximum of 

12 bar. 

A log of the forces for the torque level 165 Nm is shown in Figure 6 for comparison with 

Figure 5b. From the Figure it can be seen that  the pattern is the same. Bolt 16 attains the 

highest force, and the overall force level is much below the thumb rule value. There is 

also a slight relaxation visible. 

 

The day was finalised by increasing the torque to 280 Nm and leaving the set-up 

unpressurized overnight, see Figure 7a. As is seen there is a considerable re-distribution 

of forces, and further relaxation. The values are far from the ones predicted (47 kN). 

 

The third day re-tightening to 280 Nm was performed, and a pressure test to 16 bar 

without leakage was made. After that, the pressure was decreased to 13 bar and a long 
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time pressure test was made for 7 days at that level without leakage. The log from this 

test is shown in Figure 7b.  

 

 
 

Figure 6 Log of the forces in the instrumented bolts for the level 165 Nm, with 

rubber gasket, for comparison with Figure 5b.  

 

 
 

Figure 7a Log of the forces in the instrumented bolts for the level 280 Nm, with 

rubber gasket and an unpressurized pipe.  
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Figure 7b Log of the forces in the instrumented bolts for the long time test with 

rubber gasket at pressure level 13 bar.  

 

 

Now, due to the pressurizing, the forces are increased considerably and a further re-

distribution occurs, which is hard to explain. There is still a very large variation in the 

forces of the instrumented bolts, and probably so in the other 16 bolts as well. It may be 

of some interest to note that the pressure 13 bar corresponds to 15 kN in each bolt, as an 

average. 

 

The rubber gasket being hyper-elastic helps to maintain tightness by compensating for 

unevenness in the flange surfaces. There is virtually no relaxation in the joint, which may 

to some extent be due to the previous successive tightening and re-tightening procedure 

and to some unloading of the flange pressure. Together, these factors mean that the joint 

is tight for such a high pressure as 13 bar.  

 

One should also note that this high pressure for the SDR 17 geometry with thin pipe walls 

results in a considerable expansion of the pipe. The circumferential expansion of the pipe 

during the pressure increase up to 16 bar, in this case during 16 minutes, is shown in 

Figure 8. The hoop stress σh and hoop strain εh at full pressure are 

 

)(2 0

0

Ddn

pD
h 11.1 MPa  and 

dn

O
h 0.0104 = 1.04% 

 

The secant stiffness can be computed as 

 

hhE /sec 1070 MPa 

 

Hence, the circumferential expansion of c 20 mm seems in accordance with data from the 

material data sheet, i e, tensile Modulus 900 MPa (23 °C) and flexural creep modulus 

1100 MPa (4 point loading method, 1 min-value).  
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The on-going creep expansion of the pipe is illustrated in Figure 9. Note that the time in 

the graph starts after having decreased the pressure from 16 bar to about 8 bars, re-

pressurised to 13 bar and switched into constant pressure mode which in total took about 

10–20 minutes. The circumferential deformation. Moreover, the spike is from a test on 

the gauge to see if it returns properly after a disturbance. 

 

 
 

Figure 8 Pressure versus circumferential expansion during the initial step for the 

case with a flat gasket and nominal torque 280 Nm.  

 

 
 

Figure 9 Log of the circumferential expansion of the pipe during the 7 day test at 

13 bar with a flat gasket and nominal torque 280 Nm. The spike at 20 

hours was caused by a test to see if there was any hysteresis of the 

circumferential deformation measurement. The value of the 

circumferential deformation measurement returned to the same value as 

before the test, which indicated that there is no notable hysteresis.  
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The circumferential increase of 30 mm contributes to a considerable wringing effect at 

the flange, where the steel backing ring acts as more or less rigid in the radial direction, 

see Figure 10. This is worsened by the wide flange geometry. Still the joint is tight.  

 

For the gasket with an O-ring, Case 4, the situation seems more favourable, although it 

should be kept in mind that the plastic flanges have now been under high loads for several 

days so that they are no longer in a virgin condition. After tightening to 35 Nm, waiting 

during the night, and then successive tightening to a torque of 110 Nm the pressure can be 

raised to 14.4 bar before leakage. After reduction to 13 bar a short test period of 2 hours 

results in a tight joint. The log of the bolt forces is shown in Figure 11. Obviously the O-

ring helps to improve the situation so that much lower flange pressure suffices to keep the 

joint tight. Still the large differences in bolt force, for the same nominal torque, remain. 

 

Note that the vertical axes of figures 7, 9 and 11 do not start at zero values.  

 

 

 
 

 

Figure 10 Close-up of the flange showing the wringing before long term test.  
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Figure 11 Log of bolt forces for a 2 hour pressure test at 13 bar and 110 Nm torque.  

 

 

 

3.3 Cases 5 to 8 – experiments with the narrow ISO 

flange 
 

First, the gasket with an O-ring is mounted, Case 5. Now it should be noted that new, 

“virgin”, flange surfaces are being used.  

 

With this set-up it is enough with a short time tightening procedure to a torque of 70 Nm 

to obtain a tight joint at a pressure of 16 bar, as compared to leakage at 14.4 bar for a 

torque of 110 Nm and for the same type of gasket for the wide flange. Figure 12 shows 

the bolt forces during the tightening to a torque of 70 Nm. As before there is a big 

variation in forces, still with bolt 16 as the one having the biggest force. The successive 

unloading when bolts are tightened can be followed as can the slight relaxation. The 

difference of forces in relationship to the expected value is still considerable bur not quite 

as high as for the wide flange. 

 

Since the bolt forces required are lower for the narrow flange, it is concluded that the 

narrow flange geometry has a more favourable function thanks to its geometry giving less 

“wringing” and, most important, giving higher pressure at the smaller flange surfaces. 
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Figure 12 Comparison between bolt force logs for O-ring gaskets in wide (upper 

figure) and narrow flange (lower figure) geometries.  

 

 

Next, a flat rubber gasket is mounted, as Case 6, with a torque 70 Nm giving leakage at 

13.3 bar. Releasing the bolts overnight, and re-tightening to a torque of 70 Nm gives 

leakage at 10.5 bar. This means that some variation in leak pressure may be expected 

solely as a function of mounting. 

 

Case 6 is finalized by increasing the torque to 110 Nm and making a five day test at 

13 bar for which the joint remained tight. The wringing of the flange at the end of the five 

day test is shown in Figure 13. The wringing angle was determined to 5.3 degrees. 
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Figure 13 Close-up of the flange showing the wringing of the flange at the end of the 

five day test.  

 

 

The series of tests for the narrow flange ended by two mountings of the more rigid 

Klingersil gasket.  

 

After the first mounting leakage occurs at 9.3 bar for a torque of 50 Nm. Then a second 

mounting is made, first with 110 Nm, resulting in leakage at 11.7 bar, and then with 

165 Nm. Here, the joint is tight at 16 bar. The pressure is lowered to 13 bar and a three 

day test is performed, where the joint is tight. 
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4 Summary and conclusions 
 

The tests have been performed to some extent in a tentative way, seeking the optimal 

functions for the various combinations of flange and gasket. A complicating factor was 

the unexpected finding of the irregular relationship between torque and bolt force. 

However, it was a great asset for the investigation to have some bolts instrumented to 

detect this effect.  

 

The principal results can be summarized by aid of the following two tables. In Table 2 the 

connection between nominal torque and pressure at leakage is presented for the different 

geometries (see the note above about successive relaxation and what “nominal torque” 

means). The results are presented in terms of torque since this is the parameter normally 

used to characterize a flange joint, although the bolt force level is the decisive one. 

 

 

Table 2 Summary of experiments to find the leakage level for different torques. 

 

  50  

Nm 

70  

Nm 

110 

Nm 

165 

Nm 

220 

Nm 

280 

Nm 

 

Wide flange  

(KWH) 

Klingersil, Case 2 2.0  3.0 3.6 3.7  
Flat, rubber, Case 3 

G-ST  
  2.4 3.7 7.2 >16 

O-ring,rubber, Case 4 

G-ST-P/S 
 14.4 14.4    

 

Narrow flange 

(ISO) 

Klingersil, Case 7,8 9.5*  11.7 >16   
Flat, rubber, Case 6 

G-ST 
 13.3/ 

10.5 

>16    

O-ring,rubber, Case 5 

G-ST-P/S 
 >16     

* The second of two mountings, Case 8. 

 

The general trend is that the narrow flange geometry means lower torques to obtain 

tightness as compared to the wide flange geometry, and that for both geometries the O-

ring gasket is the optimal one.  For comparison, it is noted that KWH recommends [8] a 

torque of 335 Nm for the wide flange with stiff backing rings (compact cross section), 

and around 190 Nm for the narrow one in use with profiled flexible backing rings. 

However, no information of suitable gasket types was given in conjunction with the 

recommended flange types and torques.  

 

In Table 3 the “long time” (3–7 days) experiments at the 13 bar pressure level are 

summarized. Also from these it is obvious that the narrow flange/rubber gasket 

geometries are optimal in terms of low required torque to keep the joint tight. Observe 

that the torques used are not the minimum ones to keep the joint tight, but the lowest ones 

in the range used (50, 70, 110, 165, 220 and 280 Nm). 

 

It is noted that the relaxation already during these periods of time is small, and that the 

plastic material is known, [2], [9], to have most of its creep during the first few days. Also 

other long time properties of the plastic pipe material are well known to be favourable. 

Therefore it is to be expected that the test results for one week are representative also for 

longer times. 
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Table 3 Summary of long time pressure tests at 13 bar and tight joints. 

 

     Torque 

(Nm) 

 

Time 

(days) 

 

Wide flange 

(KWH) 

Klingersil -  

Flat rubber 

G-ST 

280 7 

O-ring rubber 

G-ST-P/S 

110 (2h) 

 

Narrow flange 

(ISO) 

Klingersil 165 3 

Flat rubber 

G-ST 

110 5 

O-ring rubber 

G-ST-P/S 
-  

 

Some conclusions to be made from the investigation are: 

 

 The fact that the same flange surfaces are used for several load sequences does 

not seem to compromise the principal results in a major way. The rubber gaskets 

appear best for both flange types although they are used in reverse order for the 

wide and the narrow flange. 

 The relationship between torque and bolt force does not agree at all with the 

frequently used formula, for the bolts used. The bolt force is often less than half 

the value obtained using the formula. This may cause severe problems if the 

relationship between torque and bolt force has not been verified for the precise 

combination of bolt material, surface treatment and lubrication.  

 The bolt forces appear to be very unevenly distributed, although the tightening is 

performed according to accepted routines. There is also a documented uncertainty 

in the relationship [7], but still the variation, which is present for all cases, is hard 

to explain. 

 The narrow flange seems to be more robust than the wide one. The torque does 

not have to be so large, and the “wringing” effect  on the flange from the 

expanding pipe wall is smaller, which means that a larger part of the flange 

surface is under pressure. 

 For each flange type the rubber gaskets, and in particular the O-ring one, require 

lower torques than the Klingersil ones. Their hyper-elastic, time independent 

behaviour helps to smooth unevenness and, possibly, to compensate for the creep 

in the plastic. 

 Use of SDR 17 pipes at pressure levels of 13 bar means considerable creep and 

expansion of  the pipe walls, although it is possible to obtain tight flange joints. 

The difference between 10 and 13 bar is considerable, since this is a range of 

stresses where the time dependence of the material starts to be very pronounced. 

It follows that it is vital to follow recommendations from suppliers regarding choice of 

joint geometries, gaskets, bolts and mounting procedure, and that the personnel is 

knowledgeable and well equipped with calibrated tools. The combination of mounting 
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and gasket type is evidently a critical point. An example of a general recommendation for 

the use of flange joints is [10]. 

 

As regards comparisons with the numerical analysis [2], these are not so easy and clear-

cut to make. The numerically treated cases were for higher assumed bolt forces, and 

evenly distributed ones, the flanges were assumed to be ideally smooth, and the 

tightening was assumed to take place momentarily instead of during 1/2–1 hour. Further 

the test pressure was 10 bar instead of 13 bar.  

 

One example of the differences is that the change in bolt force and flange pressure 

becomes quite different at pressurization of the pipe when the original bolt forces are low, 

as in the experiments. Also the creep deformation in the flanges becomes less significant. 

One important feature, which is reproduced, is the expansion of the pipe with time, 

Figure 9 and the wringing effect.  

 

It would be desirable to perform FEM simulations for the typical bolt forces and gasket 

types used in the experiments. Moreover, simulation results to compare the behaviour of 

the narrow and the wide flange would confirm the conclusions. 
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