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• FRP Lining System for Gravity Sewers
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Inspection Methods 

- CCTV
- Multisensor (sonar, 

laser)
- GPR
- Man-entry
- Other NDT (e.g., 

ultrasound)



Pipe Penetrating Radar (PPR)



Man-Entry 



Manhole Inspection 



Hole Void Visible (HVV)



Ovalization/Deformation



Bulging Crown w/ Fracture



Cracks/Fractures



Cross-Bores



Corrosion 



CMP Culverts 

Source: M. El-Taher, 2009. The Effect Of Wall And Backfill Soil Deterioration On Corrugated Metal Culvert Stability, Queen’s Univ.



Brick Conduits – Load Distribution



Brick Conduits – Loads contd.



Brick Conduits – Loads (contd.)



Brick Conduits – Loads (contd.)



Brick Conduits – Loads (contd.)



Single Layer Brick FEA 



Groundwater Pressure

Dr. Xinbao Yu, et al.



Design Factors

• Flexible (e.g., polymeric liners) 

• Rigid (e.g., cementitious)

• Fully-structural (stand-alone) 

• Semi-structural

• Condition

• Loads 

• Soil type 

• Environmental effects

• Site access conditions



Sample Design Equations

𝑃𝑐=  (2𝐸𝐶∝𝛽)/[(1−𝜐^2 )(𝐷𝑅)^3 )𝑆𝐹]

ASTM F1216 – partially deteriorated

ASTM F1216 – fully deteriorated

Modified Timoshenko– buckling 

Internal Pressure: Thin-walled vessels

Ovality

𝜔 = 𝐶𝑝𝛾𝐷
2

Soil Load – Flexible Pipe/Liner

Host Pipe 
Support

Stress 
Concentration



CIPP



Sliplining (Deform/Reform)



Geopolymer



Rigid Sliplining (CC-GRP)



CFRP Lining



Sliplining w/ StifPipe® 



Composite Sandwich Concept

Steel I-beam



Avalon Pump Station Project
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Avalon Pump Station Project ... Cont’d



StifPipe® Built in a Pipe
Edison, NJ  Sept. 2018



Thank You! 

Contact:

Firat Sever

fsever@quakewrap.com
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