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ÅSelecting the Best Solution



Types of Rehabilitation

ÅExcavation and Replacement

ÅTrenchless Technologies

Reference:

New Pipes for Old: A Study of Recent 
Advances in Sewer Pipe Materials and 
Technology, Project 97-CTS-3, Water 
Environment Research Foundation, 2000



Trenchless Categories

ÅOn-line Replacement

ÅIn-Situ Renovation



Options for On-Line Replacement

Method Diameter
Range, inches

Installation 
Length,feet

Old Pipe 
Material

Application

Pipe Bursting-
Pneumatic

2 - 24 475 Ductile Iron, 
VCP,Concrete

Gravity and 
Pressure lines

Hydraulic 2 - 24 475 Ductile Iron, 
VCP,Concrete

Gravity and 
Pressure lines

Static Pull 4 - 24 650 Concrete, VCP Gravity sewers

Extraction 4 - 14 250 DuctileIron, 
Steel

Pressurelines

Cutters& 
Expanders

1 - 6 300 Steel, PE, PVC Pressure lines



Pipe Bursting / In-Line Expansion

ÅDescription: outwardly 
displacing the existing pipe 
to make room for a slip 
lined pipe. Normally used 
with short sections. Allows 
for larger diameter pipes 
than existing pipes

ÅOptions: static (no moving 
internal parts) or dynamic 
(provide pneumatic or 
hydraulic forces at point of 
impact) expansion heads

Static

Dynamic



In-Situ Options

ÅSlip-Lining

ÅClose-Fit Lining (CIPP)

ÅCoatings - Structural

ÅPoint Repairs



Slip Lining
Å Description: Slide a flexible pipe of 

a slightly smaller diameter into the 
existing pipe ςthe space between 
new and old pipe is grouted (foam, 
pea gravel, etc.) continuously 
prevent leaks and improve 
structural integrity

Å Restrictions/ requirements: Can use 
with pipes that have structural 
problems. Requires ground surface 
access to lower the discrete pipe 
sections ςƭŀǊƎŜ ŀŎŎŜǎǎ ǇƛǘΦ 5ƻŜǎƴΩǘ 
require elimination of normal flows

Å Options: continuous segmental and 
spiral wound: HDPE (high density 
polyethylene), PP (polypropylene), 
PET-R (fiberglass reinforced 
polyesters), TR-R (reinforced 
thermosetting resins), and PVC 
(polyvinyl chloride). Some use small 
sections of stainless steel sleeves

Segmental

Spiral Wound

Continuous



Advantages of Sliplining

ÅIt can be applied to most types of sewer pipe

ÅIt is rapid and causes little disturbance to 
other buried utilities

ÅDepending on flows, installations can be done 
in live lines without bypass pumping

ÅIt is most successful when there are long runs 
with few connections

ÅAn improved interior surface with a reduced 
friction coefficient helps to improve flow



Considerations of Sliplining

ÅThe reduced pipe diameter will cause loss of 
cross-sectional capacity

ÅWhen short pipe sections are used, the benefits 
of sliplining have to be offset against the 
increased cost of the jointing techniques

ÅWhere connections are being made, the relative 
movements of the original pipe and the sliplined 
pipe need to be considered

ÅPoorly controlled grouting to the annular space 
can lead to buckling of the liner pipe



Types of Close-Fit Lining Systems

Method Diameter
Range, inches

Max Installation 
Length,feet

Liner Material Application

Spirally Wound 4 - 100 300 PVC Gravity
pipelines

Diameter 
Reduction

4 - 24 300 PE, PP Gravity and 
Pressure 
pipelines

Fold and Form
Liners

4 - 64 300 PE, PVC Gravity (PVC) 
and Pressure 
(PE) pipelines

CIPP (inverted) 4 - 100 3,000 Resin-saturated 
fabrictube

Gravity and 
Pressure 
pipelines

CIPP (winched) 4 - 54 500 Resin-saturated
fabric tube

Gravity and 
Pressure 
pipelines



Fold and Formed / Rolldown
Å Description: fold and formed is when 

flexible pipe in a U shape is inserted 
into host pipe. Rounding mandrels 
round out the pipe. Then liner is 
heated and pressurized  to conform to 
original pipe shape. Swagelined and 
rolldown use chemical and 
mechanical forms respectively to 
temporarily compressed the lining 
before being drawn into the pipe. 

Å Restrictions and requirements: heat 
and pressure are used to create a 
snug fit between lining and pipe.  
Requires carful cleaning of the pipe. 
Also should give time for stabilizing 
because of high coefficient of 
expansion of material

Å Options: PVC, PE, HDPE, high tensile 
polyester reinforced polyethylene



Advantages of Fold and Form Liners

ÅDisruption and risk of damage to other buried 
utilities is minimized
ÅSeverely corroded pipelines can be lined
ÅThe liners are resistant to attack from most acids
ÅDespite a slight loss of cross-sectional area, the 

smooth interior surface of the liner may improve 
flow capacity
ÅDimples in the lining indicate connections, which 

can be opened by robotic cutters
ÅNo grouting is required



Considerations for Fold and Form Liners

ÅReversion may sometimes not be completed 
fully

ÅStresses may be locked into the liner, which 
over time can cause the liner to move in 
relation to the pipe

ÅThe long-term performance of these liners is 
not fully researched



Cured In Place Pipe - CIPP
Å Description: a flexible liner such as 

felt that is impregnated with 
thermosetting resins is inserted 
through the manholes into the pipe 
and then the resin is set ( hardens) 
through contact with steam or hot 
water. Inserted by winch in place 
and invert in place methods.

Å Restrictions and requirements: no 
additional excavation is required, 
can be used on non-circular pipes, 
bends, offsets, and misaligned 
joints. Useful in pipes needing 
minor structural reinforcement. A 
Jointless solution. Has a curing 
time. Sometimes require flow 
bypass ςlots of methods.

Å Options: Resins ςunsaturated 
polyester (poly-urethane), vinyl 
ester, fiberglass epoxy ; Textiles ς
polyester fiber felt



Advantages of CIPP

ÅInstallation is relatively fast and excavation is not normally 
required

ÅAccess is gained through existing manholes
ÅThe method is versatile and can be tailored to line 

noncircular sections
ÅIt can negotiate bends and bridge offsets and missing 

sections of pipe
ÅCIPP can be used for full structural renovation or for thin, 

hydraulic liners
ÅLaterals can be reinstated in non-man-entry lines with 

robotic cutters
ÅDespite a slight loss of diameter, the smooth interior 

surface may improve flow capacity



Considerations of CIPP

ÅThe old pipe needs extensive surveying, cleaning, and 
preparation

ÅBypass pumping is required
ÅPre-grouting may be necessary in damaged areas or 

where there are voids
ÅThe liner pipe is flexible and needs support from 

surrounding material
ÅOver and under-cuts at lateral restoration can occur
ÅAs diameters get larger, costs tend to rise more rapidly 

because of the weight and cost of material plus the 
greater difficulty of installation



Types of Coating

Method Diameter
Range, inches

Max Installation 
Length,feet

Liner Material Application

Spray-on
Linings 
(Structural)

36 - 180 Various Reinforced 
cement mortar

Gravity and 
Pressure 
pipelines

Spray-on
Linings (Non-
Structural)

3 - 180 500 Epoxies, 
cement mortar

Gravity and 
Pressure 
pipelines



Coating
Å Description: material is applied 

by spray, trowel, or roller to the 
host pipe and can be used as a 
patch or complete rehabilitation

Å Restrictions and requirements: 
requires a clean dry surface, no 
loose material in sewer, cure in 
around 1 hour

Å Options: epoxy, shotcrete, 
polyester, silicone, urethane, and 
vinylester.

Spectra Shield

Sewpercoat



Advantage of Ferro-cement

ÅIt can easily accommodate noncircular sections 
and diameter changes
ÅConnections are easily incorporated into the 

relining
ÅIt can be used in partial flows and precast invert 

sections can be incorporated
ÅThe cross-sectional capacity loss is relatively small
ÅIt is possible to design for pressure line 

rehabilitation
ÅWork can be undertaken from existing manholes


