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In the first of a two-part series, Interflow’s Ian Bateman considers the application of  
as/nZ2566.1 in the relining sector.

iN MaNy of the water authorities in 
Australia and new Zealand, the standard 
for direct buried flexible plastic pipes, 
As/nZ2566.1, is used to determine the 
structural properties of a liner for a fully 
deteriorated host pipe. This has proven to 
be a reliable and conservative approach 
and it has served the industry well over 
the last decade. however, as the industry 
has developed, there are several areas in 
which this approach is limited and is worth 
reconsidering. This paper discusses some 
of these limitations and presents alternative 
suggestions for how to handle these cases.

BRiEf ovERviEw of aS/NZ2566.1
As/nZ2566.1 is a standard for buried 

flexible pipelines. This standard was 
prepared by the Joint standards  
Australia/standards nZ committee  
Ws/28, Design and Installation of 
Buried Flexible Pipes.

The scope of the standard is  
quoted below (in part): “This standard  
sets out a practice for the structural 
design of buried flexible pipelines, which 
rely primarily upon side support to 
resist vertical loads without excessive 
deformation. The interactive pipe/
embedment structure is considered only 
in the transverse direction. structural 
performance is predicted in the long-term 
for pipes in trenches and embankments  
but not for jacked or bored lines.”

essentially the standard is designed 
to cover the installation of flexible pipes 
into a trench. The standard takes into 
consideration the characteristics of the 
pipe and embedment, the design loads and 
presents a method of performing a design. 

The trenchless industry in Australia and 
nZ has adopted parts of this standard 
for performing designs where the host 
pipe is considered fully deteriorated. 
Therefore, the installation of a liner into 
a deteriorated host pipe is considered 
analogous to installing a flexible pipe into 
an open trench. clearly there is a great deal 
of overlap between these two situations, 
and as such, As/nZ2566.1 has proven 

to be a reliable reference point for the 
Trenchless Technology industry. however 
there are certain applications where the 
use of As/nZ2566.1 can arguably be overly 
conservative and other situations where it 
is not conservative enough. 

in this edition of Trenchless Australasia, 
we consider an example where the 
use of the standard is not conservative 
enough; and in the next edition, we look 
at an example where using the standard 
becomes overly conservative.

HigH-MoDuluS, THiN-wallED liNERS – 
NoT CoNSERvaTivE ENougH?

As the trenchless industry has developed, 
suppliers have developed liner materials 
with higher and higher moduli. There are 
now glass fibre composite liners with  
long-term moduli with values greater than 
8,000 MPa. The benefits of such systems 
are that at a given diameter, thinner walled 
liners can be installed to achieve the 
desired pipe stiffness, and as such, less 
material is required.

in some cases there is no significant 
conflict between the intent of As/nZ2566.1 
and the trenchless application of these liners. 
however, where the stiffness requirement  
can be achieved using a thin-walled,  
high-modulus liner, a major disparity exists.

The underlying premise of As/nZ2566.1 
is that a pipe is supplied to a site and 
installed in a trench. it is implicitly assumed 
that the pipe is pre-made, circular and free 
of manufacturing defects. in the case of  
the trenchless industry, many of the 
products are ‘manufactured’ inside the  
host pipe, and their final shape is  
influenced by the shape and condition of 
the host pipe. in the case of cured-in-place 
liners, the final form may contain evidence 
of localised imperfections transcripted by 
the host pipe (Figure 1).

The strength of liner with localised 
imperfections has been studied and well 
documented by several researchers, and 
the relationships between ring stiffness, 
pipe diameter, size of the imperfection 
and liner thickness have been presented in 

academic literature (el sawy and Moore, 
1997 and Moore, 1998). in essence, the 
science proves that the capacity of a liner 
is strongly influenced by the size of the 
imperfection and the thickness of the liner. 
in other words an imperfection of a given 
size will reduce the strength of a thin-
walled liner to a much greater extent than a 
thick-walled liner. Figure 2 summarises this.

The first graph in Figure 2 shows that 
in the case of a high-strength, thin-walled 
liner at 150 mm, an imperfection as small as 
10 mm causes the liner to lose 95 per cent 
of its strength. For imperfections greater 
than this, the liner has virtually no strength. 
using the design methods outlined in As/
nZ2566.1 this same liner would pass the 
structural design. The same graph also 
shows that as the diameter increases, the 
effect of imperfection size on liner strength 
reduces. Whilst the reduction is still very 
significant it is somewhat less sensitive than 
in the smaller diameters.

The second graph in Figure 2 shows 
the same phenomena with more typical 
materials used for relining pipes. it can be 
seen that the same type of relationship 
exists but it is far less sensitive. 

These graphs show the danger of 
literally applying the As/nZ2566.1 design 
equations to the trenchless industry. it 
can be shown that liners with thicknesses 
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Figure 1. Example of an imperfection in a liner of size x.
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as little as 1 mm would be theoretically 
stiff enough to pass the design in some 
circumstances. however, in practice, such 
liners would be extremely weak if they were 
even slightly non-circular or imperfect.

it is therefore important that 
specifications take this into account and 
recognise that As/nZ2566.1 does not 
really prescribe a way to treat the situation 
of strong, thin liners. There are three 
suggested ways of dealing with this:

specify a minimum thickness
The sensitivity of liner strength to 

imperfections reduces significantly as  
the thickness of the liner increases.  
Figure 3  shows how thick a liner would 
need to be to negate the effect of an 
imperfection. For example, at 150 mm,  
the liner theoretically needed to be  
1.9 mm thick to meet the structural design 
requirement (if perfectly round). if it were 
increased in thickness to 4 mm it would 
be capable of having an imperfection of 
20 mm, and have the same capacity as a 
perfectly circular liner at 1.9 mm.

As such, it could be argued that a 
minimum thickness of 4 mm be set for  
all cured-in-place liners, regardless of  
the modulus. 

Add a thickness contingency  
to all liners

Another way to handle this issue is 
to allow the normal design approach 
to be taken and then add, say, 2 mm to 
the calculated thickness. This is also a 
reasonable approach and is consistent with 
Figure 2, which shows the extra thickness 
required to negate the effect of an 
imperfection is consistent at all diameters. 
however, while this may be appropriate 
at small diameters, it may be overly 
conservative at larger diameters.

include a de-rating factor to  
specifically quantify the effect of 
imperfections

el-sawy and Moore (1997) present an 
equation for calculating the effect of an 
imperfection on the liner capacity. This 
equation could be used to specifically  
de-rate the stiffness of a liner. it is:

liner capacity = liner capacity without imperfection  
x exp(-0.56 x delta/t)
Where: 
delta = size of imperfection  
(to be specified by client)
t = nominal liner thickness 

Again this approach may be appropriate 
at small diameters but overly conservative 
at larger diameters. A safe and reasonable 
way to deal with this issue would be to 
adopt the first suggestion. This approach 
has been adopted by some asset owners. 
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PaRT 2 - DECEMBER
In the December issue of 
Trenchless Australasia, 
Ian presents a case study 
in which the adherence to 
the standard has been too 
conservative. He will also 
consider the overall impact of 
the standard, and the best way 
to move forward in an industry 
that has changed considerably 
over the past 20 years.

Figure 2. The effect of imperfection size on liner strength at various diameters in  
(a) a liner with modulus = 8,800 MPa, and (b) a liner with modulus = 1,030 MPa.

Figure 3. The thickness of a liner required to negate the loss of strength caused by an infection of various sizes.

Reduction in liner Strength vs imperfection Size
(E mod=1,030)

Effect of imperfections on liner Thickness 
(E mod=8,800)

Reduction in liner Strength vs imperfection Size
(E mod=8,800)
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