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CONSIDERATIONS FOR DESIGNING THE 
OUTER DIAMETER OF FFRP LINERS IN PIPE 

REHABILITATION 
1. Introduction:

In the field of pipe rehabilitation, Flex-
ible Fabric Reinforced Pipe (FFRP) lin-
ers have emerged as a popular solution 
for restoring the structural integrity and 
hydraulic performance of aging pipe-
lines. However, determining the appro-
priate outer diameter (OD) of the FFRP 
liner is a critical consideration that 
requires careful attention. This article 
delves into the significant of selecting 
the appropriate OD for FFRP liners and 
the implications it has on pipe rehabili-
tation projects. 

2. Standardization Challenges: 

Several standards, including 
ISO11298-1 and ISO11298-11, have been 
established with the objective of stan-
dardizing the utilization of Lining with 
inserted hose techniques. However, 
these standards exhibit a significant 
gap when it comes to providing explic-
it guidance to pipeline owners on de-
signing the OD of FFRP liners. This lack 
of clarity presents challenges for the 
industry currently facing, as it strives to 
undertake pipe rehabilitation projects 
with the highest level of precision and 
accuracy.

To address the lack of OD design 
guidelines, companies like ASOE Hose 
Manufacturing Inc. have stepped up 
to o!er customized solutions. ASOE 
demonstrates its ability to design and 
manufacture FFRP liners with di!erent 
ODs to meet the diverse needs of dif-
ferent pipe sizes to be rehabilitated so 
as to enhance flexibility in their selec-

tion. For instance, when rehabilitating 
a DN500 water pipes, ASOE o!ers a 
variety of OD options, such as 454mm, 
470mm, 475mm, 480mm, 485mm, 
and 490mm, to owners who are look-
ing to rehabilitate DN500 water pipes. 

3. The Importance of Close Fit: 

The primary objective when selecting 
an FFRP liner OD is to ensure a close 
fit between the liner and the host pipe 
under operating pressure. Achieving a 
snug fit is crucial as it eliminates the 
presence of an annual space or gap 
between the liner and the host pipe to 
prevent long term e!ect to the liner, 
Eg:   

•	 The accumulation of corrosion 
within the pipe, root growth and 
subsequent leaks can result in soil 
infiltration, potentially leading to 
a reduction in the cross-section 
of the pipe and compromising its 
long-bearing capacity. 

•	 Deformations of the host pipe 

diameter 
•	 Crack formation 
•	 Groundwater contain impurities, 

contaminants and microorganisms. 
These impurities can include 
chemicals, heavy metals, bacteria, 
viruses and other pathogens. When 
groundwater infiltrates pipes, it 
can introduce these impurities into 
the system. 

Firstly, if smaller OD liners, such as 
450mm, 454mm, or 460mm, are in-
stalled, an annual space is created. This 
gap becomes an entry point for water, 
earth, and sand to infiltrate the host 
pipe through leaking holes. In cases 
where the water supply is temporarily 
terminated, vacuum pressure can de-
velop within the pipeline. If the vacuum 
pressure reaches a significant level, the 
FFRP liner may collapse temporarily, 
leading to further sand and earth in-
gress. Subsequent resumption of water 
supply causes the water within the an-
nual space to be squeezed out, but the 
sand and earth remain, accumulating 

FIGURE 1. CLOESED FIT LINER
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over time. Although the liner is expect-
ed to be subject to the groundwater 
pressure practically in all design cases, 
other loads may be transferred on the 
liner in some way during the service life 
of the liner if the host pipe deteriorates 
further or the surrounding soil weak-
ens.

These accumulations can gradual-
ly press against the liner, potentially 
choking its functionality and necessi-

tating pipe rehabilitation once again. 
Furthermore, a close fit between the 
FFRP liner and the host pipe minimiz-
es the reduction in the liner’s inner di-
ameter, ensuring maximum water flow 
and hydraulic e"ciency.

4. Requirements for OD Selection:  

Based on the aforementioned consid-
erations, two key requirements emerge 
for selecting the OD of FFRP liners in 
pipe rehabilitation projects.

Requirement One: Close Fit under 
Operating Pressure 

Owners must choose FFRP liners that 
can closely fit the inner wall of the host 
pipe when subjected to operating pres-
sure. If owners install FFRP liners with 
ODs of 450mm, 454mm, or 460mm, 
it will result in the formation of an an-
nual space. This space provides an en-
try point for water, earth, and sand to 
infiltrate the host pipes through leaking 

holes and fill the gap. In the event of 
temporary water supply termination, 
vacuum pressure may occur within the 
pipeline. When the vacuum pressure 
reaches a certain level, the FFRP lin-
er could temporarily collapse, allowing 
more sand and earth to enter the an-
nual space. 

Upon resumption of water supply, the 
water within the annual space can be 
expelled, but the sand and earth will 

remain trapped. If water supply disrup-
tions occur repeatedly, the accumula-
tion of sand and earth will progressive-
ly increase, exerting infinite pressure 
on the liner (as shown in the provided 
image). This accumulation can cause 
the FFRP liner to become choked, 
necessitating pipe rehabilitation. Ad-
ditionally, when the FFRP liner closely 
fits the inner wall of the host pipes, it 
minimizes the reduction in the liner’s 
inner diameter (ID), ensuring maximum 
water flow. This close fit is crucial for 
maintaining optimal hydraulic perfor-
mance. The range of OD options pro-
vided by companies like ASOE allows 
owner to make an informed decision 
that caters to the specific requirements 
of their pipe rehabilitation projects

Requirement Two: Avoiding OD Ex-
ceeding ID 

It is essential to ensure that the OD 
of the FFRP liner does not exceed the 
ID of the host pipe. If the OD is larger 

than the ID, the liner will not be able to 
fully expand within the pipe, leading to 
a decrease in water flow capacity. This 
limitation emphasizes the significance 
of meticulous OD selection to preserve 
the hydraulic performance of the reha-
bilitated pipeline.

Requirement Three: Grouting or patch 
rehabilitation is necessary to close the 
leaking holes/cracks  if annular space 
between host pipe and liner exist 

Without closed-fit, all leaking holes/
cracks should be closed by grouting or 
other patch rehabilitation techniques. 
Closing leaking holes/cracks is to stop 
soil infiltration. In fact, in many scenar-
ios it is impossible to close the leaking 
holes or cracks of the host pipes undr 
ground or rivers. For example, if wa-
ter pipes under river contains leaking 
holes, it is di"cult or impossible to stop 
water and mud infiltration by grouting 
or patch rehabilitation techniques.

Closed-fit lining is preferred due to its 
superior structural integrity, leak pre-
vention, improved flow capacity, re-
duce contamination risk and long term 
performance benefits.  

5. Conclusion: 

Determining the suitable OD for FFRP 
liners in pipe rehabilitation is a cru-
cial factor that profoundly impacts 
the project’s success and durability. 
Although existing standards may not 
provide clear directives on this matter, 
companies like ASOE Hose Manufac-
turing Inc. specialize in customized 
solutions to cater to owners’ precise 
needs. By placing emphasis on achiev-
ing a tight fit between the liner and the 
host pipe, it can e!ectively mitigate the 
risks associated with the formation of 
an annual space and ensure the opti-
mal hydraulic performance of the re-
habilitated pipeline.

Aaron Homing Ni is the president of 
Sales at Asoe Hose Manufacturing Inc.

FIGURE 2. NON-CLOSED-FIT LINER
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but is not limited to:

•	 Senior managers / decision mak-
ers 

•	 Asset Managers
•	 Representatives from government 

agencies and regulatory bodies

•	 Representatives from professional 
associations

•	 Technical O!cers
•	 Engineers
•	 Finance O!cers
•	 Strategic Planners
•	 Industry subject matter experts

•	 Academic professionals 
•	 Researchers
•	 Students

Dr. Tom Iseley, President of BAMI-I, 
expressed his enthusiasm for the up-
coming congress, stating, “Our con-
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