
 
 
 

Contact:  Interflow Marketing Department – marketing@interflow.com.au 
 ©2017 Interflow – All Rights Reserved Page 1 

 
No-Dig Down Under 2015 

11th ASTT Conference and Exhibition 

 
Gold Coast, Australia 
8-11 September 2015 

 
Paper 1.11 

 
Dr Ian Bateman 
Director, Interflow Australia 
 
HOW LONG DO WE EXPECT SPIRAL LINED PIPES TO LAST? 
 
Introduction 
 
Lining of Australia’s sewer pipes through trenchless methods commenced in earnest in the late 
1980’s / early 1990’s. At the time, it was very difficult to predict how long re-lined pipes would 
last. Indeed, it was not clear whether re-lining was a “repair” of an existing pipe or a “renewal”. 
 
Now some 25 years later what can we say about the expected life of a re-lined pipe? Are we 
half way through the expected life? Have we had to go back and re-repair lined pipes? Are 
the lined pipes actually likely to last longer than the original pipes? 
 
The objective of this paper is to explore these questions and in particular examine the condition 
of pipes lined with the spiral wound product, Expanda®, after 25 years of service and make a 
prediction of their service life. 
 
Background 
 
In Australia there are approximately 100,000km of sewer pipes. Around 500km of these are 
relined each year. A variety of relining products are used, but all of them are plastic and 
designed using very similar methods. 
 
The quantity of installed sewer pipes has more or less followed the growth of the nation’s 
population and the social demand to have a fully sewered community. As such a relatively 
large proportion of the sewers were laid in the post war decades, meaning that the median 
age of the sewers is approximately 50 years. 
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Figure 1. Typical age distribution of pipes in Australia 
 
In Australia, there were several materials of construction used for sewer pipes. The most 
common being 
 

- Concrete 
- Vitrified Clay 

 
The definition of Service Life is also not clear and can be interpreted in a few different ways. 
Based on some studies referenced below the following definitions appear to be used 
commonly. 
 
Maximum Average Service Life: The average age that a large sample of pipes will have 
reached the end of their lives (i.e. the average time taken to failure). Note this is a definition 
pertaining to the individual pipe / material not the sewer as a whole. 
 
Actual Average Service Life: The average age that a large sample of pipes are actually 
replaced or renewed. 
 
Providing a single figure for the actual service life is fraught with difficulty because it can be 
arrived at in several different ways. The following studies show different ways in which this has 
been estimated. 
 
Global Study Drawing Data from USA, Canada and UK. 
 
A study performed by Newton and Vanier (2006) looked at estimating and modelling the 
service life of a variety of materials and referenced data from Canada, USA and UK. By using 
the WRc method for classifying the Structural Pipe Grade (SPG) of 1 to 5, where 5 is considered 
structurally failed, 4 = poor, 3=fair, they defined the maximum service life as the time taken to 
reach a SPG of 5. Most asset owners will act to renew the asset when the SPG is 4. 
 
The conclusion drawn from this was the concrete and vitreous clay have a maximum service 
life of between 105 and 130 years (SPG=5). But they will reach SPG of 4 approximately 10 to 30 
years earlier. 
 
Study by Martin, Johnson and Anschell (2007). 
 
This study looked at behaviour of concrete and vitrified clay sewers in the city of Seattle, USA. 
The average years of total life for clay was stated to be 120 years and for concrete 80 years. 
 
NSW Office of Water, June 2014 
 
This document published a table stating the useful lives of a variety of water infrastructure assets 
in NSW, Australia. It quantifies the useful life of clay pipes to be 70 years and concrete to be 45 
years. 
 
Yarra Valley Water Study Presented at Trenchless Live, Coffs Harbour 2010 
 
In information provided by Yarra Valley Water from Victoria, Australia, the average age of 
relining of its concrete and clay assets was stated as approximately 50 years. 
 
Average Age of Sewers Interflow Is Currently Relining 
 
In the last 12 months Interflow has relined over 250km of sewers in Australia. The average age 
of those sewers was approximately 50 years. 
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When examining these reports in more detail it is clear that the practical age at which sewers 
are relined in Australia is well short of the predicted maximum service life of the pipes. 
Furthermore the principle reason why pipes are relined is rarely due to structural deterioration 
of the pipes, rather it is driven by blockages. The major contributors to blockage (over 80%) in 
Australia tend to be tree root infiltration, fat build-up and objects in the line. The contribution to 
blockage from collapsed or broken pipes is less than 5%. This indicates that the key driver that 
defines the end of life is more related to a loss of seal (i.e. the ability for foreign objects to 
penetrate the pipe) than the structural collapse or failure of the pipe material. It therefore 
explains why the service lives stated in the last 3 studies above, are far less than the service lives 
of the pipe materials themselves. Based on the above independent studies and current 
practice it would be reasonable to describe the life expectancy of concrete and clay pipes in 
Australia to be as follows 
 

 Definition Concrete Clay 
Maximum Average Service 
Life of Pipe Material 

The age at which the pipe 
material has failed. And /or the 
point at which 
the SPG=5 

75 -120 years 100 - 130 years 

Actual Average Service Life 
of Pipe Material 

The age at which a proportion 
(5%) 
of the pipes will have failed. 
And/or the point at which the 
SPG=4 

50 – 90 years 70 to 100 years 

Actual Average Service Life 
of the Sewer 

The age at which the sewers are 
actually relined for any reason 

40 – 50 years 50 – 70 years 

 
Performance of Sewer Pipes Lined with Expanda Pipe 
 
Interflow began lining sewers in Australia with Rib Loc Expanda® in 1990. In the early years, the 
conventional thinking had been that the liners should last 50 years. Indeed, the NSW Office of 
Water states that the useful life of relined sewers is 50 years. These statements and estimates 
were based on best guesses, common sense and some logical extrapolation of the 
performance of plastic pipes. Of course, the 50 year estimate was not able to be based on 
data. However, with 25 years of experience now behind us, we are in a position to perform 
some analysis of the early liners and make an estimate of what the maximum service life may 
be. 
 
Interflow has been responsible for relining over 50% of all of Australia’s sewers since the industry 
began. As such more than 50% of the liners are spiral liners. There have been studies performed 
in other parts of the world looking at the condition of CIPP liners, but never before have spiral 
liners been analysed and certainly not in Australian conditions. 
 
When a pipe is lined there are 3 main attributes expected from the liner 
 

1. That it is structural sound and capable of bearing applied soil and water loads. 
2. That it is sealed and will prevent ingress of tree roots, ground water etc 
3. That it is hydraulically sound. In most cases the re-lined sewer will have equivalent 

or better hydraulic capacity than the unlined host pipe 
 
Each of these attributes is expected to remain for the duration of the service life. 

 
To quantify the condition of spiral liners installed 25 years ago, Interflow selected 3 locations 
and set about analysing the liners with respect to each of the above attributes. Specifically, 
the following aspects were inspected. 
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1. Structural 

a. Evidence of deflection 
b. Measurement of physical properties 
c. Measurement of critical dimensions (wall thickness) 

2. Seal 
a. Evidence of leakage through the spiral seam 
b. Analysis of the condition of the seal in the spiral seam 
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3. Hydraulics 
a. Condition of the surface of the pipe (build up or damage of the liner) Interflow 

working with Sekisui Rib Loc, selected three locations for this study. 
 

Location 1 – a sewer pipe, located in water charged ground in Adelaide. The host pipe was 
vitreous clay. At the time of lining the host pipe was showing signs of water ingress through the 
joints. The pipe was lined in 1992. The camera survey was carried out and assessed by an 
independent contractor. 
 
Samples taken from the liner were analysed by a NATA accredited laboratory. The analysis 
occurred last in 2009. The liner was CCTV surveyed, pressure tested, and samples taken for 
thickness measurement. 
 
Location 2 – a sewer pipe located in Sydney. The host pipe was concrete. The pipe was lined 
in 1996. Liner was inspected in August 2015. A CCTV survey was performed, a sample of pipe 
from the invert was removed and physical properties were measured by NATA accredited 
laboratory. 
 
Location 3 – a sewer pipe, located in Sydney. The host pipe was concrete. The pipe was lined 
in 1996. Liner was inspected in August 2015. A CCTV survey was performed, a sample of pipe 
from the invert was removed and physical properties were measured by NATA accredited 
laboratory. 
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Results 
 
The results of sampling taken from each location is summarised in the table below. 
 
Table 1 
 

 Location 1 Location 2 Location 3 
Structural / 
Physical 
Properties 

Evidence of 
deflection 

None None None 

Modulus of 
Elasticity (flexural) 
Initial = 2,798 MPa 

 
 
Data not 
measured. Visual 
inspection only 

2,865 MPa 2,865 MPa 

Tensile Strength 
Initial = 44.1 MPa 

44.5 MPa 44.3 MPa 

Elongation at Break 
=120% 

103% 119% 

Wall thickness Loss 0.00mm 0.00 mm 0.00mm 

Sealing 
 

Evidence of 
leakage through 
seal 

None. 
Pressure test 
according to 
AS/NZS2032 

None None 

Analysis of 
condition of sealant 

Quantity 
unchanged 
 
Properties 
unchanged 

Quantity 
unchanged 
 
Properties 
unchanged 

Quantity 
unchanged 
 
Properties 
unchanged 

 through seal Pressure test 
according to 
AS/NZS2032 

  

Analysis of 
condition of sealant 

Quantity 
unchanged 
 
Properties 
unchanged 

Quantity 
unchanged 
 
Properties 
unchanged 

Quantity 
unchanged 
 
Properties 
unchanged 

Hydraulics Condition of 
surface 
of liner 

Surface roughness 
unchanged 

Surface roughness 
unchanged 

Surface roughness 
unchanged 

 
Structural Appearance / Properties 
 
On the CCTV surveys, there were no signs of deflection or structural distress. The physical 
properties of the PVC have remained unchanged. There is no measurable loss of wall thickness 
due to abrasion. In fact, on all the liners the printing (ink) is still clear and visible. 
 
Sealing 
 
There were no junctions on the line in location 1. As such a pressure test was able to be 
performed (according to AS/NZS2032). The liner passed the test. There was no evidence of 
leakage via this test. For locations 2 and 3, the condition of the sealant in the spiral seam was 
analysed. In particular the quantity and properties of silicone were examined. As shown in the 
photograph below there is clear evidence that there has been no loss of sealant. Furthermore, 
the silicone removed from the lock has very similar properties (qualitatively) to new silicone. 
Furthermore, CCTV inspection showed no evidence of water or root ingress along the length 
of the liner. 
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Silicone sealant still present 
 
Hydraulics 
 
The surface roughness of the liner appeared unchanged and equally as smooth as a new liner. 
There was no sign of mechanical damage to the liner anywhere along its length. 
 
Summary 
 
It can reasonably be concluded that there is essentially no change in any of the properties of 
the liners over their 20 years of service. While this is an excellent result, it does not allow us to 
make any predictions about the maximum service life, i.e. there is no deterioration to 
extrapolate from. It is also a limited sample size. In order to be able to make a statistically valid 
prediction about the end of life, a much greater sample would be necessary and ideally, we 
would be able to measure some degree of deterioration. This is beyond the scope of this 
current study. 
 
But what can we say and how can we make some predictions? 
 
This data alone tells us that there is no underlying deterioration of the product, unlike the host 
pipes. For example, if we were to select 25 year old concrete pipes we would be able to 
measure a reduction in the wall thickness due to erosion and/or gas attack. We know this would 
ultimately correlate to the data presented in the previous section concerning the service life of 
the pipe. Figure 2 published by Park (2009) shows a typical curve of concrete pipe 
deterioration. Clearly the deterioration process is continuous and is measurable quite early in 
the product’s life. 
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Figure 2: Model of Rate of 8” Concrete Pipe Deterioration (Park 2009) 
 
A recent study performed by Whittle and Tennakoon (2005) attempted to estimate the service 
life of direct buried PVC sewer pipes. This study took a similar approach to our study, whereby 
they exhumed seven PVC sewer pipes and analysed the samples for signs of deterioration. The 
results they obtained also indicated there were no signs of deterioration. The conclusion drawn 
by   Whittle and Tennakoon (2005) was 
 
“There is nothing in the test results to suggest the life of the pipes will be limited to 50 years. 
Given the pipes have been in service for 25 years and are in such good condition, there is no 
reason to suppose they will not achieve upwards of 100 years’ service.” 
 
The preface to latest AS/NZS Standards for PVC-U pipes includes the statement that: 
 
” It should be noted that, by convention, plastics pipe systems are often designed on the basis 
of 50 years extrapolated test data. This is established international practice but is not intended 
to imply the service life of drainage pipes is limited to 50 years. For correctly manufactured and 
installed systems, the actual life cannot be predicted, but can logically be expected to be well 
in excess of 100 years before major rehabilitation is required.” 
 
This is consistent with Interflow’s experience in lining over 2,800 kilometres of deteriorated sewers 
- over 50,000 separate sewer lines. The proportion of those sewers for which the host pipe was 
made from PVC has been negligible and defects in PVC host pipes tend to be due to leaking 
joints or improper installation. There has been no requirement to line any PVC pipes that are 
“worn out” or deteriorated – even though such pipes have been installed in Australia since the 
1960s. 
 
Arguably a direct buried sewer pipe has a tougher life that a spiral liner. The direct buried pipe 
is not housed within an existing pipe and furthermore it is well known that the harshest condition 
that a direct buried pipe experiences occurs in the process of installation, backfilling and 
compacting. 
 
The behaviour of PVC pipes is also consistent with the PVC spiral wound liners Interflow has 
installed since 1990. Post-installation callouts have been statistically insignificant and have been 
restricted to repairing post- installation damage or defects missed at the time of installation. 
There have been no reported instances of spiral wound liners becoming deteriorated or “worn 
out”. 
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Having installed over 2,800 km of spiral liners in Australia and New Zealand (more than 50,000 
lines), Interflow has never been called out to replace or repair a deteriorated spiral liner - which 
is consistent with there being no underlying deterioration of the product as found in the 3 
sample sites and consistent with the finding of Whittle and Tennakoon (2005). So, what can we 
say about the life of a spiral liner? Extrapolating the data, we have would suggest the liners will 
last infinitely long. This is not logical. Rather than predicting the life based on extrapolation we 
can take a different approach and look at it from a statistical modelling angle. 
 
Deterioration phenomena such as this and other physical processes involving wear and tear, 
reliability and fatiguing are modelled in specialised areas of engineering using a Weibull 
Distribution Function. This Function was applied in the work of Newton and Vanier (2006) and 
Martin, Johnson and Anschell (2007) to model the age dynamics of sewer pipes. If we assume 
that our spiral liners will exhibit similar deterioration we can then use a Weibull Distribution 
Function to test a series of what/if scenarios. Let us assume that out of the 50,000 lines currently 
installed, we eventually find 5 of them that have reached the end of their lives. Based on the 
time from now that this occurs, we can then predict when the rest of the pipes will reach their 
maximum and actual service lives. By way of illustration 4 scenarios have been modelled. 
 
Assume that of the 50,000 liners installed (and that none have failed after 25 years) we 
eventually find that 5 have reached the end of their service lives due to deterioration after 
 
i/ 30 years 
 
ii/ 35 years 
 
iii/ 40 years 
 
iv/ 50 years 
 
Using the Weibell Distribution Function model we can predict the maximum and actual service 
lives of the spiral liners. The results are shown in Table 1 and illustrated in Figure 3. 
 
Table 2 
 

Scenario If we find 5 of the 50,000 installed 
liner to be fully deteriorated by … 

Predicted Maximum 
Service 
Life * 

Predicted Actual 
Service 
Life** 

1 30 years 67 years 49 years 
2 35 years 155 years 86 years 
3 40 years 320 years 141 years 
4 50 years 1080 years 321 years 

 
• *Defined as the time at which 95% of all pipes have failed 
• ** Defined as the time that 5% of the pipes have failed 
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Figure 3: Graphical Representation of Life Curves Under Each Scenario 
 
This approach allows us to see that as the number of years passes without any failures, the 
impact it has on the predicted service life increases rapidly. For example, if we have 
accumulated 5 failures by the time the liners have reached age 30 years the predicted actual 
service life would be 49 years. But if it takes 5 years longer to reach 5 failures the service life 
estimate increases to 86 years. 
 
As can be seen the predicted maximum and actual service lives in all scenarios are 
substantially greater than the current experience with the traditional concrete and clay 
materials. Bearing in mind that that at 25 years we have registered zero failures and there is no 
sign of any deterioration. This paints a very positive picture about the potential service life of 
spiral liners. 
 
Conclusion 
 
If we return to the 1990’s when we were trying to estimate the service lives of these liners, we 
were speculating that they should last 50 years. Now 25 years on, it is reasonable to predict 
with a high degree of confidence that the service life will be well in excess of 50 years. This is 
based on 
 

- Our exhumation of liners that show no signs of deterioration after 25 years 
- Our practical experience has showed there have been no reported deterioration 

failures for the last 25 years 
- Our statistical modelling indicates that under almost any scenario the service lives 

will be well in excess of 50 years 
- Our nearest product “cousin”, being PVC sewer pipes have been predicted to last 

in excess of 100 years 
 
Prediction of service life based on extrapolation is inherently non-robust – particularly when 
there is zero signs of deterioration from which to extrapolate from. However it is reasonable to 
expect that the actual service life of PVC spiral liners will at least equal that of PVC pipes. As 
such, at the 25 year mark of spiral liners, we would estimate that the service life these liners will 
be at least 100 years. 
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Furthermore, it is important to note that a service life of 100 years far out-performs the actual 
service lives of the existing sewers. It is reasonable to expect that the relined pipes will last at 
least twice as long as the original pipes. Psychologically this is an important point for the 
trenchless technology industry. It appears reasonable to state that when we reline a sewer pipe 
we are not repairing or rehabilitating it. We are in fact providing a new asset to the client with 
a performance and life expectancy far greater than the original one. 
 
From an economic point of view, should our industry be assuming a life of 100 years rather than 
45 or 50 years for a relined pipe? Should we re-consider the life cycle cost of re-lining sewers on 
this basis? Do we need to re- consider the depreciated value of lined pipes? 
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