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Published in 2019 by the AWWA the 

Structural Classifications of Pressure Pipe Linings

is the best reference an engineer has at present to

determine the proper application of CIPP in a pressure

pipe application… 

Additionally, the following AWWA MOPs should

be in your reference library…

M77 – Condition Assessment of Water Mains 

M28 – Rehabilitation of Water Mains

M45 – Fiberglass Pipe Design



Alignment of Lining Application Requirements 

with an Owner’s Design Objectives
• The host pipe description (material, year of manufacture, diameter, wall 

thickness, pressure class, joint type, etc.), horizontal/vertical alignment, the 
major deficiencies and deterioration mechanisms intended to be addressed 
and general chemistry of the fluid to be conveyed

• All relevant internal pressures to be resisted by the lining system including 
MAP, MAOP, occasional surge (if applicable), vacuum pressures (if 
applicable), and the intended magnitude and duration of the test pressure.

• All relevant external loads to be resisted by the lining system including the 
load duration where relevant (e.g., earth and groundwater with design 
duration if not intended to be long-term loading; and live loads – implied 
short-term duration unless otherwise noted).



Structural Classifications of Liners

• Class I Linings are non-structural systems used to protect the inner 
surface of the host pipe from corrosion or maintain water quality

• Typical design objectives
• To protect host pipe from internal corrosion and the formation of future 

corrosion

• Relies on the host pipe to provide all internal and external load resistance

• Typical product considerations
• Un-bonded and bonded lining products such as CML or PL, respectively

• Chemical resistance to the fluid being conveyed and adequate stiffness or 
adhesion to the host pipe to remain intact when pressurized and dewatered

• PL should be free of holidays and blisters



Structural Classification of Liners
• Class II and III Linings are both interactive and semi-structural systems. Class II 

adhere to the pipe wall while Class III linings may or may not be adhered to the 
host pipe.

• Typical design objectives
• To protect host pipe from internal corrosion and future corrosion
• To prevent any leakage occurring from the host pipe at pinholes, holes, and faulty joints
• To accommodate future external deterioration by providing sufficient hole spanning 

capability to meet future conditions.

• Typical product considerations
• All CFLs (CIPP, deformed and compression fit linings), SL, PL, and CFRP
• Demonstrated chemical resistance
• Adequate structural properties based on type testing
• Adequate means to resist all hydrostatic and, if specified, vacuum loads based on reliable 

adhesion for Class II products or inherent ring stiffness for Class III products



Structural Classification of Liners
• Class IV liners have long-term hoop strength evaluated independently of 

the host pipe equal to or greater than the MAOP of the host pipe

• Typical design objectives
• Provide corrosion protection (same as Class I, II, and III)
• Prevent any leakage from occurring (same as Class II and Class III)
• To accommodate further external deterioration by providing sufficient reinforcement 

to resist hoop stress failure of the host pipe

• Typical product considerations
• Currently CFL and SL
• Demonstrated resistance to the fluid being conveyed
• Adequate structural properties based on type tests that when modified by the 

appropriate Material Resistance Factor meet the long-term design objectives for all 
specified loads (internal and external) for the intended design life.













Specifications … Prescriptive or Performance?


Key items to be included in the project specifications:

• Complete description of the host pipe material and its current condition (Condition Assessment Report)

• Complete description of the current (and future) operating conditions (e.g., MAOP, MAP, etc.)

• All relevant external loads that are required of the liner (dead and live)

• Structural classification of the lining system required

• Acceptable type testing documentation of the lining system being proposed

• Acceptance testing that will be carried out on the project to ensure a quality installation

• Contractor experience qualifications required (commensurate with the size and risks of project)



1. Class of Liner needed

1. Class I Liner

2. Class II Liner

3. Class III Liner

4. Class IV Liner

2. Design of Liners

1. Class I and Class II – Adhesion and Hole Spanning

2. Class III – Inherent Ring Stiffness and Thermal Effects

3. Class IV – the 

1. Sustained Pressure

2. Short-term Over Pressure

3. External Loads

4. Alignment Modifications

5. Poisson’s Effects

6. Longitudinal Loads – Thrust


