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INTRODUCTION 

Composi te materials have a unique combination of properties. 

They combine light weight with high strength and corrosion 

resistance. Initially fibre reinforced materials were made by 

the labour intensive hand lay-up process. Nowadays mechanised 

filament winding processes are used which are particularly suited 

to manufacturing tubular products such as pipes, ducts, tanks or 

pressure vessels. 

The use of fibreglass pipes has increased dramatically in recent 

years, especially since the cost difference between fibreglass 

pipes and traditional steel pipes has decreased. Properties such 

as high corrosion and abrasion resistance, high strength and 

light weight, and low friction factors make fibreglass pipes 

sui table for many applications. Their low weight makes them 

particularly suitable in applications where handling is a 

problem, ego lack of heavy handling equipment or in confined 

spaces such as in underground mines. 

Fibreglass pipes have been used extensively in the chemical 

process industry to convey chemicals and other fluid materials 

(food and beverage, pulp and paper, fertilizer etc.). They have 

also been used in the oil industry for gathering lines, downhole 

tUbing and casing and saltwater disposal. 

A relatively new application for high pressure pipes is their use 

in hydropower schemes in South African mines. Advantages of 

using fibreglass pipes in this application are reduced 

installation costs (due to the light weight of the pipes) and 

excellent corrosion resistance, both internally and externally. 

Also the pipes have a higher flow capacity than conventional 

pipes of the same diameter, due to their extremely low friction 
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factor. This provides pumping energy cost savings over the 

projected life, especially since the original surface smoothness 

can be maintained in most cases (ie. there is little or no build

up of material on the inside of the pipe). 

Wherever pipes and pipelines are in use one needs pipe joints or 

couplings. For non-pressure applications a variety of jointing 

systems exists, from factory prepared bell and spigot joints to 

field overlays. A number of ASTM standards exist according to 

which fibreglass pipes of virtually any diameter can be joined. 

The maximum design pressure of these standards is less than 7 MPa 

(in most cases only 2 MPa). However these joints are normally 

unable to sustain high axial loads. 

There is definitely a lack of information and design standards 

for fibreglass pipes operating at pressures over 20 MPa. Even 

less information is available on pipe couplings for these high 

pressures. Pipe couplings are required that can sustain the full 

axial load caused by the internal pressure. 

This research is aimed specifically at the investigation of glass 

fibre reinforced polyester pipe couplings to be used on 

fibreglass pipes (both epoxy and polyester). Existing couplings 

are briefly analysed and an al ternati ve design is proposed. This 

design looks specifically at the interface between the pipe and 

the coupling, since this is the critical area where failure is 

most likely to occur. Tests were done up to failure on these 

couplings. Additional tests were done on steel couplings used 

on fibreglass pipes for comparison purposes. 

AVAILABLE COUPLINGS 

Many different types of joints and couplings are available to 

connect pipes of different sizes and materials. Most of these 

couplings however are only designed to work at relatively low 

internal pressures and can only sustain low axial loads. The 

high pressure pipes and couplings were traditionally made from 
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steel and are mostly still made from steel. The reason for this 

is that it is much easier to design with an isotropic material 

as opposed to an orthotropic or an anisotropic material. 

Another reason why steel is being used extensively for many high 

pressure piping systems, is that sufficient Codes and Standards 

are available which describe the design of pipes, joints and 

couplings for these extreme conditions. 

Pipe joints and couplings 

Normally there is a distinction to be made between joints and 

couplings. A joint is a watertight connection which cannot 

sustain high axial loads. Mechanical couplings on the other hand 

(as the name indicates) are able to sustain the full axial load 

caused by the internal pressure of the pipAXx Couplings would 

thus normally be used to couple high-pressure p~pes. 

The most common technique used to join GRP pipe is the butt and 

strap arrangement. This method gives a strong joint that can be 

readily made in the field. Connections are made by butting two 

sections of pipe together and overwrapping the joint with 

successive layers of fibreglass reinforcement saturated with the 

appropriate resin. The overwrap should normally be as thick as 

the wall. 

Another common method of joining pipes is the bell and spigot 

joint. In this arrangement one end is socketed and the other end 

is plain. The male end has a rubber sealing gasket fitted over 

it and the socket is forced over the gasket. Spigot and socket 

joints with rubber rings can normally accommodate one or two 

degrees of deflection. Unless this joint is threaded it cannot 

support any axial loads. A threaded bell and spigot joint can 

be used for temporary installations and is ideal for rapid field 

assembly. 

A flanged connection is very common when pipes need to be 

connected to process equipment, valves, meters, pumps etc. 
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Flanged connections are often used where disassembly is 

anticipated. They can be used for medium-ta-high pressure 

systems. However there is the danger of large bending moments 

being set up in the pipe which needs to be carefully considered. 

The Victaulic coupling is used extensively for iron and steel 

pipes in high-pressure systems. It is normally manufactured from 

cast iron in the form of a split collar which is secured by two 

tangential bolts. The pipe either has a small lip at its end or 

a recessed step. The coupling fits around this step and thus 

holds the pipes together. It is capable of sustaining the full 

axial load caused by the internal pressure. The seal is provided 

by a rubber 'U'-ring which is located between the pipe outer 

surface and the inside of the split collar. 

The most widely used clamp-on joint is the proprietary Viking

Johnson coupling. For pressure applications the pipe has lips 

on the ends. To make the joint a rubber seal is clamped between 

each pipe barrel and a cover sleeve. This joint is reusable and 

is useful in temporary installations. 

Another coupling which is very useful in temporary installations 

is the "Kwikey" coupling. This coupling consists of a sleeve 

with a double groove near the centre to locate two O-rings which 

provide the seal. Near the edges of the sleeve is a deep groove 

on each side which acts as a keyway. A similar groove exists in 

the pipe to be coupled. The pipes are pushed into the coupling 

(sleeve) with the rubber O-rings now compressed between the 

outside of the pipe and the sleeve. A steel cable which acts as 

a key is now pushed through a hole in the coupling into the 

keyway at the interface between the sleeve and the pipe. This 

coupling can take the full axial load imposed by the internal 

pressure. It eliminates the need for adhesives and provides 

simple field assembly and disassembly. 

The only one of these couplings that has been manufactured for 

GRP pipes is the "Kwikey" coupling. It operates at pressures up 
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to 14 MPa and is normally used on small diameter pipes. However 

it would be desirable to adapt one of the other pressure 

couplings to use with GRP pipes. 

STANDARDS FOR PIPE AND JOINT DESIGN 

The existence of industry product standards greatly simplifies 

the engineer's task when designing certain components. It also 

allows the engineer to confidently specify a material, which has 

an important influence on the growth (and usage) of this 

material. 

The issuance of standards for fibreglass pipe has had a dramatic 

effect on the acceptance of fibreglass pipe. This appears to be 

most prevalent in the public works or municipal pipe markets. 

Various product standards have been published by the American 

Society of Testing and Materials (ASTM), the American water Works 

Association (AWWA) and the American Society of Mechanical 

Engineers (ASME). These standards however only cover the design 

of pipes for design pressures up to 250 psi. The design of 

joints and couplings is not covered in detail, although stringent 

performance requirements are laid down in these standards. 

The American Petroleum Institute (API) has issued guidelines on 

the design of high-pressure piping. This specification relies 

on and uses the long-term and short-term methods developed by 

ASTM wherever applicable as part of its product specifications. 

It can be clearly seen that there is a lack of design 

specifications for fibreglass joints and couplings, although the 

requirements of such pipe connections are clearly stipulated. 

Especially in the field of high-pressure fibre reinforced piping 

systems little information has been documented. 
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PROPOSED COUPLING AND EXPERIMENTAL PROGRAMME 

The axial force must be transferred somehow from one pipe to the 

adjacent pipe. This occurs through the coupling, which is built 

up on the outside of the pipe. Hence the load path is deflected 

outward from the pipe to the coupling and inward to the next pipe 

again. There are basically two methods of transferring the load 

from the pipe to the coupling. If a coupling is bonded to the 

pipe using an adhesive, there is a distinct interface at which 

a shear force occurs. The load bearing capacity depends on the 

shear strength of this adhesive film. The second method of load 

transferral is by mechanical interaction. The "Kwikey" coupling 

uses a key to transfer the load from the pipe to the coupling. 

The load bearing capacity depends to a large extent on the 

strength of the key. However if a steel cable is used as a key, 

the stiffness of the key is much higher than the stiffness of the 

pipe and the coupling; hence failure of either the pipe or the 

coupling will occur. 

The proposed coupling uses a combination of the two methods of 

load transferral described above. 

~I 

Figure 1 

Shear stresses exist in the adhesive (along the entire contact 

surface). A "key"-effect is achieved by having a step machined 

into the pipe. The tapered cross-section of the key eliminates 

stress concentrations in the corners. There is obviously a 

trade-off between the decrease of stress concentrations, the 

proportion of the force which gets transmitted perpendicular to 
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the tapered step and the proportion of the force which gets 

transmitted along the surface of the step. The diagram below 

illustrates the relationship between the two force components and 

the angle of the step. 

p, • p 

Figure 2 

With no step there is simply a shear force at the interface which 

is equivalent to the entire load. As the angle of the step 

increases, so the perpendicular force component increases with 

it, and the shear force decreases. When the step has a right 

angle, the entire force is transmitted perpendicularly across the 

interface. it is clear that hoop stresses are caused if the 

angle of the step is between 0 and 90 degrees. The hoop stresses 

will cause the flange to expand and try to slip over the pipe if 

the force is great enough. 

To prevent these hoop stresses a step angle of 90 degrees is 

selected, at the expense of increasing the stress concentration 

in the corners of both the flange and the pipe. The figure below 

is the final flange cross-section decided upon. It allows the 

fibres to be laid easily into the step and the load can follow R 

the path of the fibres successfully. 

The fibres in the flange are under compression. A compressive 

stress occurs at the end of the step. An interlaminar shear 

stress also occurs in the pipe. If the adhesive fails then the 

entire load is taken up as a compressive load at the end of the 

step and as a shear load in the pipe. 
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The internal pressure causes an axial force in the pipe which is 

opposed by the coupling. The test program is designed to 

establish the maximum allowable axial force on the coupling 

before failure occurs. This force can be converted back to an 

internal pressure. Various different flange geometries were 

tested (these are listed in the next section) until the optimal 

geometry, as described above, was determined. 

The type of test performed on the pipe and coupling is a tensile 

test. The test sections of pipe are 400 mm in length, have an 

internal diameter of 50 mm and are 8 mm thick. This length is 

sufficient that the flanges have a negligible effect on the 

stress pattern in the middle of the pipe. The pipe sections have 

a step machined into them on each side. Two flanges are laid up 

directly on the pipe, one on each side. The flanges have a 

thickness of approximately 10 mm measured from the outside of the 

pipe. This thickness remains constant throughout the test, only 

the lay-up changes. 

The test is performed in an ESH Tensile Testing Machine. A split 

backing ring is fitted behind each flange and is bolted to a base 

plate (one base plate is attached to the load cell of the testing 

machine, the other base plate is attached to the hydraulic 

piston). With the pipe clamped securely in the testing machine 

it is now loaded in tension till failure. The load is 

continuously monitored and logged on a pen plotter. hence the 

ultimate load can be obtained. The shape of the curve can give 

indications on the mode of failure. 

RESULTS AND DISCUSSION 

As indicated in the previous section various different geometries 

of flanges were tested with different laminating sequences. The 

figures below show all the different flange geometries. The 

different forms of glass reinforcement used together with the 

stacking sequence are also shown. Table 1 lists the ultimate 

load carrying capacity of each configuration and shows the 
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equivalent internal pressure that causes this endload. Note that 

all flanges are manufactured from E-glass and isophthalic 

polyester resin using the hand lay-up technique; all pipes are 

made from E-glass and epoxy resin. 

G. 

========1 ~--------~==.~~ .. ~ 
It 

Figure 3 : TYPE I Figure 4 : TYPE II 

Figure 5 : TYPE III Figure 6 : TYPE IV 

It 

Figure 7 : TYPE V Figure 8 : TYPE VI 



10 

.. 

Figure 9 : TYPE VII Figure 10 : TYPE VIII 

Figure 11 : TYPE IX Figure 12 : TYPE X 

Table 1 Ultimate loads for different flange 

configurations. 

TYPE Load [kN] Pressure [MPa] 

I 56 16.5 

II 29 8.5 

III 65 19.2 

IV 75 22.0 

V 72 21. 2 

VI 82 24.1 

VII 93 27.4 

VII 50 14.7 

V 68 20.0 

VIII 62 18.2 

IX 70 20.6 

X 75 22.0 
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The purpose of the flange is to transfer the load from the flange 

to the pipe. To avoid excessively high bending moments in the 

pipe, it is desirable to use a very thin flange. By using a 

stepped arrangement (as shown in the previous figures) it is 

possible to transfer the load to inside the structural wall of 

the pipe. The alternative method of transferring the load to the 

pipe is via an adhesive layer as used in the type 11 coupling 

shown in the previous figure. Here the entire load is 

transferred to the pipe through adhesive shear stresses. This 

means that the coupling is as strong as the adhesive used for 

this application. Once the adhesive fails, the load bearing 

capaci ty drops to zero instantaneously and a catastrophic failure 

results. 

The stepped arrangement (which is used in all other 

configurations tested), however, uses a combination of adhesive 

and mechanical jointing. The adhesive shear area is virtually 

identical to that in the type 11 flange. In addition to this, 

the flange is in direct contact with the pipe across an area 

determined by the depth of the step. The flange transfers a 

compressive force to the pipe across this annular ring. 

There are various types of failures that can occur, depending on 

the depth of the step, the location of the step on the pipe (ie. 

the distance of the step from the end of the pipe) and the type 

of glass reinforcement and laminating sequence used. 

TYPE I and Ill: ~ 

In both cases the failure occurred in the flange. Since it is 

very difficult to lay the mat into such a small corner, this is 

a resin rich area which is weak in compression. Since it is a 

compressive force that is transmitted across the step interface, 

this flange failed at a lower load than the other flanges. From 

this test it can be deduced that the face of the step (on the 

flange) must be strengthened in order to increase the load 

bearing capacity. Ideally there should be unidirectional fibres 

at the face of the step since these can take high compressive 
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loads. 

TYPE IV: 

This test uses a steel flange. It is used to determine the 

interlaminar shear strength of the pipe. For this reason the 

flange must be strong enough to resist failure by crushing. The 

pipe was caused to fail by interlaminar shearing along the dotted 

line indicated in the figure below. 

This type of failure occurs abruptly and is catastrophic. 

Clearly in this case the strength of the coupling is determined 

by the interlaminar shear strength of the pipe. It is now 

possible to increase this shear area (by moving the step further 

away from the end of the pipe) to increase the load bearing 

capacity. However it is unlikely that the shear area can be. 

increased indefinitely before a different mode of failure occurs. 

TYPE V: 

This test is intended to duplicate the test with the steel 

flange. It improves on the shortcomings of flanges I and III by 

using unidirectional fibres in the area of the step. All other 

dimensions are kept constant. The performance of this flange is 

virtually identical to the steel flange. It induces the same 

interlaminar shear failure in the pipe. Evidently the flange 

with unidirectional fibres in the step region is strong enough 

to withstand crushing. It is now possible to increase the shear 

area by moving the flange further back from the end of the pipe. 

At the point where the interlaminar shear failure is replaced by 

a different mode of failure, the ultimate load bearing capacity 

for this flange configuration is achieved. 

TYPE VIII: 

Besides moving the step further away from the end of the pipe 

(and hence increasing the interlaminar shear area), the cross

section of the flange was changed slightly to eliminate the sharp 

corners. This makes lamination much simpler and there are no 

resin rich areas. As in the previous case unidirectional fibres 

were used in the step area. The shear area in the pipe was 
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doubled for this test. A different failure mode occurred in this 

configuration, viz. crushing of the fibres in the pipe 

(compressive failure). This means that the shear area is too 

large and it should be decreased to that point where the shear 

and compressive failures occur concurrently. However there is 

one more variable, viz. the depth of the step. 

TYPE IX: 

In this instance the depth of the step is increased by 50 % and 

the shear area is decreased to the dimension shown in the figure 

above. The flange construction is identical to the previous 

case. Unexpectedly neither of the previous two failure modes 

occurred. This pipe failed transversely by crushing of the 

fibres on the inside of the pipe, caused by a moment induced by 

the flange. This type of failure, which is essentially a 

buckling failure, occurs if the moment caused by the flange is 

excessively high, or if the pipe wall is too thin. 

TYPE X: 

The only way to get around the buckling failure of the previous 

test is to increase the pipe wall thickness or to strengthen the 

pipe in the area of the step. Because pressure pipes 

manufactured with glass rovings are helically wound at an angle 

of +/- 55 degrees to the axis of the pipe, it is possible to 

increase the pipe's through thickness properties by hoop-winding 

a few layers of glass in that particular area. The failure 

induced in this pipe was mainly buckling of the fibres 

(transversely) and 

(longitudinally). 
a small amount of fibre crushing 

The ultimate load bearing capacity for this flange/pipe 

configuration is 75 kN which is equivalent to the axial load 

caused by an internal pressure of 23 MPa. It is interesting to 

note that the compressive and buckling failures occur very 

slowly, ie. the load bearing capacity drops very slowly, whereas 

the shear failure is catastrophic. 
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One other coupling (TYPE VI and VII) was tested for comparative 

purposes. It utilises a steel flange. This system can only be 

successfully manufactured from steel due to its isotropic 

material properties and high shear strength (compared to that of 

fibre reinforced composite materials). Clearly a much higher 

load capacity can be achieved if steel is used for part of the 

coupling. Steel is a much tougher and harder material and it can 

accommodate stress concentrations easier than composite materials 

can. 

with a flange now attached to the pipe it is straightforward to 

couple two pipes. Various coupling methods can be used. Both 

an adapted Viking Johnson coupling and a modified Victaulic 

coupling will work satisfactorily. 




