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What does “Large Pressure Pipe Structural Rehab” mean?

What is “Large”?

What is “Pressure”?

What is “Structural”?

» Answer:  “Large” is 24 inches 

» Answer:  “Pressure” is 100 psi 

» Answer:  “Structural” is complicated

Photo courtesy of Heitkamp



What is “Structural Rehab”?

AWWA Manual M28 – Appendix A

» Class I = Nonstructural

» Class II = Adhered Semi-Structural

» Class III = Non-Adhered Semi-Structural

» Class IV = Fully Structural

Example:  Nonstructural Lining

Photo: Hydra Tech, LLC  (Source:  WRF Report 4367)



What is “Semi-Structural Rehab”?

Semi-structural linings span holes and gaps

» Hole size – not defined

» Minimum pressure – not defined

» Life expectancy – not defined

» Safety factors – not defined
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What is “Fully Structural Rehab”?

Per M28, Appendix A, Class IV linings must have:

1. Long-term (50-year) internal burst (i.e., “hoop”) 

strength, independent of the host pipe

2. The ability to survive the failure of the host pipe 

“due to internal pressure loads”

Per M28, Appendix A, Class IV linings need NOT:

1. Resist external pressure loads

2. Have longitudinal/bending strength



An ability to survive failure of 

the host pipe is very basic

Adhered or bonded linings 

are very likely to tear…

…strains become infinite

» Tear-resistance is needed for lining of 

pipes expected to crack, fracture, or split



From WRF Report 4095  “…Spray-on Structural Linings” (2010)



A liner has less structural value, if it cannot survive a fracture

» The Trenchless Technology Center tested an old cast iron main, with 7mm thick polyurea

Sample extracted from pipe 

lined in place for American 

Water in New Jersey.



Well-adhered linings are not likely to survive pipe cracking

Lined pipe testing at Louisiana Tech University



Large-pipe liners need to withstand large-pipe type breaks

• Broken wires for PCCP

• Broken bars for bar-wrap pipe

• Longitudinal split for steel?

Testing should mimic real conditions

• Use real (aged) pipe, if possible

• Consider surge events

Also consider:

• Dynamics

• Strain compatibility

• Ductility / eccentricities

• Cyclic loading

• Material deterioration!



𝑀𝐴𝑂𝑃 =
2 ∗ 𝐹𝑦 ∗ 𝑡

𝐷𝑖 ∗ 𝑆𝐹

This is archaic….and really not 

applicable to plastic materials

Even “hoop strength” requires better definition

where,

MAOP = max allow operating pressure

Fy = yield strength

t = pipe wall thickness

Di = inside diameter

SF = safety factor



New WRF report f ills in many of these gaps



New WRF report f ills in many of these gaps

WRF Report 4473 – Assess and Fix
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Conclusions – “Structural lining” is not clearly defined

» Owners must do their homework

» AWWA M28 and WRF 4473 

provide guidance

• Committees are working too

» Testing / analysis is required

• Water-tight envelope

• Survival of host-pipe failure

• Consider all real conditions

Pipe rehab is great! ….when properly applied



Questions?


