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CIPP Historical Timeline
1986: US patent 

issued to Eric Wood 
for UV cure; KMG 
develops pull-in-
place installation 

method in Germany

1984: Eric 
Wood files 

patent for UV 
cure in the UK; 
development 
of the static 
resin mixing 

system

1990: Insituform 
develops and files 

patent for 
eversion pressure 

chamber in US

1971: Eric Wood of 
Insituform develops 
CIPP process; first 

installation in the UK

1973: Inversion 
process patented 

in the UK

1975: US patent 
filed for inversion 

process

1998: 
Introduction of 
CIPP for water 
line rehab into 
North America

1989:
Pull-in-place 

method 
introduced 
into the US; 
ASTM F1216 
first released

1980s: CIPP 
utilized in 

low-pressure 
sewer apps

2000s: 
Widespread use 
of steam curing 

method

2001-2002: Qualitative 
definitions of structural 

classifications published in 
AWWA M28, 2nd ed. and 
BS EN 13689 in the UK

2019: AWWA 
Structural 

Classifications 
committee report 

published

2021: CIPP 
turns 50!

2016: 
Introduction of 

UV cure CIPP for 
water line rehab 

into US



Gravity-Flow:

• Sanitary sewers & laterals
• Storm sewers
• Culverts
• Roof drains
• Ventilation systems

Pressure Pipe:

• Potable water
• Raw water
• Sewer force mains
• Fire suppression
• Industrial settings

CIPP Applications



 Designed for external 
loadings:
 Hydrostatic pressure
 Live and dead loads

 Materials:
 Polyester, vinyl ester or 

epoxy resins
 Needled felt, felt-

fiberglass or fiberglass 
reinforced liner with 
thermoplastic coating

Gravity-Flow

CIPP Material Composition

PW

 Designed for external and 
internal loadings:
 Hydrostatic pressure
 Vacuum
 Live and dead loads
 Internal pressure (static and 

transients)

 Materials:
 Epoxy or vinyl ester resins
 Felt-fiberglass, fiberglass 

reinforced or woven hose liner 
with thermoplastic coating

Pressure Pipe



Diameter Range 6”-96” (150-2400 mm)
Operating Pressure Up to 300 psi (diameter dependent)
Liner Felt/fiberglass composite with thermoplastic coating
Composite design Bi-directional fiberglass-felt composite; undersized and 

designed to expand radially and uniformly under 
pressure to form a tight fit against the host pipe

Resin systems Epoxy or vinyl ester
Impregnation method Vacuum impregnation; resin proportionally mixed using 

static mixing or computer-controlled systems per ASTM 
F2994 at a fixed facility or at or near the jobsite

Installation method Inversion (air or water) per ASTM F1216
or pull-in per ASTM F1743

Curing method Controlled steam or hot water
Bends Up to 45°
Installation lengths Up to 1,300 LF (400 m)
Host pipe materials All types
Short term burst pressure (ASTM D1599) 200-1,200 psi (diameter dependent)

CIPP Materials: Felt-Fiberglass Tube
Host Pipe

Impregnated felt or 
felt/fiberglass layers

Coating



Felt-Fiberglass Tube – Impregnation



Felt-Fiberglass Tube Installation – Water Inversion



Felt-Fiberglass Tube Installation – Air Inversion



Felt-Fiberglass Tube Installation – Air Inversion



Diameter Range 6”-24” (150-600 mm)
Operating Pressure Up to 150 psi (diameter dependent)
Liner Woven polyester jacket with polymer coating
Composite design Woven jacket is oversized to insure a tight fit 

against the host pipe
Resin system Epoxy
Impregnation method Resin injection; reliance on natural saturation 

through wicking, gravity and mechanical force
Installation method Pull-in and expansion with progressive pig and 

water pressure
Curing method Hot water
Bends Up to 45°
Installation lengths Up to 1,000 LF (305 m)
Short term burst pressure (ASTM D1599) 400 psi

CIPP Materials: Woven Hose



Downstream header 
(pig receiver)

Access pit
(pulling)

Access pit
(insertion)

Pigs

Street level Upstream 
header (pig 
launcher)

 The pressure to apply the resin 
impregnated flexible tube against the 
inner surface of the host pipe;

 The temperature for curing of the resin 
and hardening of the composite material.

Water provides :

Woven Hose – Installation Process



Diameter Range 10”-48” (250-1200 mm)
Operating Pressure Up to 450 psi (diameter dependent)
Liner Multi-axial glass fibers
Composite design Resin-fiberglass with an outer and inner plastic film
Resin system Vinyl ester
Impregnation method Factory impregnation
Installation method Pull-in-place per ASTM F2019
Curing method Photoinitiated reaction (UV light)
Bends Not recommended
Installation lengths Up to 1,150 LF (350 m)

CIPP Materials: Reinforced Textile Tube



Reinforced Textile Tube – Installation Process

Access to the existing pipeline is made and the liner is pulled into place

The liner is pressurized with air and cured with a UV light train



 Partially Deteriorated Host Pipe
 Infiltration
 Root intrusion
 Flow restrictions
 May have longitudinal cracks and 

up to 10% ovality

Gravity-Flow CIPP Design Conditions 
ASTM F1216, Appendix X1



 Fully Deteriorated Host Pipe
 Failure is imminent
 Missing or collapsed sections
 Host pipe lost its original shape
 Corrosion

Gravity-Flow CIPP Design Conditions 
ASTM F1216, Appendix X1



 Class IV: Fully Structural
 Liner handles all internal and 

external loadings
• Material degradation

• External corrosion

 Class III: Semi-Structural
(Host Pipe Interactive)
Host pipe structurally sound

• Joint leaks
• Pin holes
• Internal corrosion

Pressure Pipe CIPP Design Conditions – AWWA M28



Pressure Pipe Lining Design

Groundwater pressure
Hole spanning

AWWA M28
Class III?

AWWA M28
Class IV?

External loads
Pipe stiffness
Internal pressure

AWWA M28
Class II-IV?

Vacuum

ASTM F1216
Partially 
Deteriorated 
Pressure Condition

ASTM F1216
Fully Deteriorated 

Pressure Condition

ASTM F1216
Negative Pressure

AWWA M28, Appendix A:
 Class I: Non-structural, corrosion barrier
 Class II-III: Semi-structural, host pipe interactive
 Class IV: Fully structural

No Correlation Between 
ASTM F1216 and AWWA M28



Type

Demonstration

Acceptance

Content 
Integration

Addresses All Class I-IV Technologies:
• Cement mortar lining (CML)
• Spray-on polymer lining (PL)
• Cured-in-place pipe lining (CIPP)
• Close-fit lining (CFL)
• Sliplining (SL)
• Carbon fiber reinforced polymer (CFRP)
• Pipe bursting

2019 Committee Report 4th Edition (In Progress)

Testing

Design

Pressure Pipe Lining Design



AWWA SCPPL

• Establishes more concrete definitions, 
design, testing and acceptance criteria for 
Class I through IV pressure pipe lining 
systems

• Each structural classification presented as 
a sequential building block

Pressure Pipe 
Lining Design



Design Check ASTM F1216 AWWA M28 AWWA SCPPL

Hoop (Circumferential) Direction

Working Pressure  
Transient Pressure 
Vacuum Pressure 
Live loads  
Soil loads  
Ovality  
Deflection Limits

Combined Loading

Longitudinal (Axial) Direction

Poisson’s Effect 
Thermal Effects 

Thrust Restraint 

Pressure Pipe Lining Design



 Importance of maintaining hydrostatic integrity

 Enhanced through reliable adhesion
between liner and host pipe

 Robotic service reinstatements

 Use of mechanical end seals

Pressure Pipe Lining Design



 Design
Short-term and long-term properties
Hoop vs axial directions

 Type Testing
 Forms basis of design
Short-term testing (hoop and axial)

• Tensile: ASTM D2290, D3039, D638
• Flexural: ASTM D790

Short-term burst testing: ASTM D1599
• 4:1 reduction factor to estimate MAOP

ASTM D790

ASTM D2290ASTM D638

ASTM D1599

Pressure Pipe CIPP QA/QC



Short-Term Type Testing

• Short-term burst of unrestrained CIPP samples 
(60-70 second test duration)

• Estimated pressure rating = burst pressure / 4

ASTM D1599: Short-Term Burst



10,000 hrs.

DIN EN 761 ASTM D2990

Flexural Creep
10,000 hrs.

ASTM D2990

Tensile Creep

ASTM D2992

Hydrostatic Design Basis (HDB)

Long-Term Type Testing



Long-Term Type Testing
ASTM D2990: Tensile Creep 



 Post-lining CCTV inspection
Confirm fit and finish

 Identify any potential problem 
areas: fins, lifts, dry spots, 
discolorations

Pressure Pipe CIPP QA/QC



 Hydrostatic Testing
 After end seal installations but prior to service 

reinstatements
 Test individual sections
 Eliminate trapped air
 Establish test pressure

• ASTM F1216: 2 times MAOP or MAOP plus 50 
psi, whichever is less

• AWWA: 1.5 times MAOP
 Proper venting (eliminate vacuum)

 Acceptance Testing
 Confirms in-place properties
 Short-term tensile and flexural testing (hoop 

and axial)
• Restrained samples or plates – must be 

representative of the installed product

 Design reconciliation as required

Pressure Pipe CIPP QA/QC



Pressure Pipe Lining – Industry Publications

AWWA

Committee Report, “Structural Classifications of Pressure Pipe Linings – Suggested Protocol for Product Classification”
Manual of Practice No. M28, Rehabilitation of Water Mains
C305, CFRP Renewal and Strengthening of Precast Concrete Cylinder Pipe (PCCP)
C620, Spray-In-Place Polymeric Lining for Potable Water Pipelines, 4 in (100 mm) and Larger
C622, Pipe Bursting of Potable Water Mains, 4 in (100 mm) to 36 in (900 mm)
Standards in progress: CIPP, sliplining, applied linings

F1216, “Standard Practice for Rehabilitation of Existing Pipelines and Conduits by the Inversion and Curing of a Resin-
Impregnated Tube,” Appendix X1

NM.1 – Thermoplastic Piping Systems
NM.2 – Glass-Fiber-Reinforced Thermosetting-Resin Piping Systems

ISO
• ISO 11297: Plastics piping systems for renovation of underground drainage and sewerage networks under pressure
 ISO 11298: Plastics piping systems for renovation of underground water supply networks
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