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Purpose

Provide a systematic 
approach for determining 
Fitness for Service for
Fiber Reinforced Polymer 
process equipment.



Plan
1. Background & Definitions
2. Damage Mechanisms
3. Non-destructive Evaluation
4. Experience



Fitness for Service (FFS)
• Able to operate as intended by its design:

• Pressure 
• Temperature
• Contents
• Weight
• External Loads
• Environment

• Best when derived from objective criteria.

Background & Definitions



FRP:
• Fiber Reinforced Polymer
• Engineered Material

• Stiffness from ALL layers

Background & Definitions

Background & Definitions



Standards and Codes
• 70+ years of FRP experience
• Recent search:

• 211     Design
• 0  Inspection or FFS

Background & Definitions



Background & Definitions

FRP for Process 
Equipment
• Best Practice Adopted 

Globally



Inspecting this…

…to GET this

Background & Definitions

Or



Conventional
FRP Inspection & FFS

Intrusive Visual
Internal Inspection

Background & Definitions

Subjective



Background & Definitions

• Confined Space Entry Required
• Shutdown Required

Conventional FRP
Inspection & FFS



FRP Damage

Chemical 
Changes to 

Polymer

Mechanical 
Changes to 

Polymer

Changes to 
Reinforcement 

FibersChanges to 
Fiber/Polymer 

Interface

Thickness 
Changes

Compromised Corrosion 
Barrier

Blisters

Cracks, Peel, Fracture

Change in laminate stiffness 
(CREEP)

Corrosion Barrier Structural

Damage Mechanisms

Failure Modes

Damage Mechanisms



Relating Steel to FRP
Steel
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Damage Mechanisms



Creep of FRP  
• Flexural Stiffness reduction
• Dominated by changes to 

polymer and glass-polymer 
interface

• Happens at ALL 
temperatures

• Real data
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Creep
• Destructive Test: 3-point bending

• ASTM D790

Predict Creep for time in service

Damage Mechanisms

• European Standard: EN 13121
• ASTM Standard: D2992



Damage Related to Failure

Incorrect Assembly

Incorrect Materials

Failure Causes
Chemical Attack

Incorrect Design

Incorrect Installation

Process Upsets

Normally 
unpredictable

Damage Mechanisms



Measuring FRP Damage
Creep:
 Loss of structural capacity
 Polymer damage

 Applies to ALL FRP
 PDS = % of New Stiffness

Thickness Loss: 
 Abrasion & oxidation

 Chlorine, pulping, slurries
 Unit: mm or inch
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The GOAL: Generate a curve to allow us to plan repair 
& replacement of FRP as for steel.
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Non Destructive Evaluation



Lifetime prediction…….

…requires non-destructive methods that can verify 
structural properties including mechanical strength.

Non Destructive Evaluation



Brief History of Ultrasound with FRP

• 1960’s – Investigations into use of ultrasound to find 
defects – just like for steel

• Work by NASA: Ultrasonic results correlate with FRP 
elastic modulus 

• Thickness measurement is common
• ASTM E1495 & ASTM E1736 provide some guidance

Non Destructive Evaluation



Thickness
Calculated as: 

𝑡𝑡𝑡 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉 ×
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

2

95th Percentiles:
Average Sonic Velocity: 2.94 mm/µs
Minimum Velocity: 2.69 mm/µs
Velocity Range: 0.67 mm/µs
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Creep
Testing creep results against flexural testing
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Send Data for 
Analysis

How it Works – In Field

Written Procedure
Non Destructive
Non Intrusive
Completed while ON STREAM
No downtime

Non Destructive Evaluation



How it Works - Analysis

Creep
&

Thickness

Non Destructive Evaluation



Some Challenges

• Calibration

• Definition of End of Life

Non Destructive Evaluation



Calibration
• Comes from hundreds of 

samples
• Embedded in database

Conclusion:
Reliable without calibration OR 

foreknowledge of FRP

Non Destructive Evaluation
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End of Life

FRP is no longer able to perform its design function.

• Polymer and reinforcement system have been damaged.
• No guidance is provided by design standards at this time.
• From Experience: End of Life when PDS<=40%.
• End of Life value is INDEPENDENT of design standards.

Experience



Since 2008:
• ~3000 Inspections completed.
• Customers saved more than $100million.
• 3 catastrophic failures predicted accurately before failure.
• 0 failures missed.
• >106 database values
• Most important parameter:

• Change in PDS

𝑃𝑃𝑃𝑃𝑃𝑃 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

Experience



Data from 800+ Inspections

• Inspections with multi-year data
• FRP Age from 0 to 48 years

Experience
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…one final data point
• Per $1 of conventional inspection fees

$0 $20 $40 $60 $80 $100 $120

Conventional Inspection

UT Method

Total Cost

Inspection and Reporting

Support Services

Repair and Replacement

Experience



Conclusions

1. Lack of consensus standards for FRP Fitness for Service.
2. Technique is effective without Calibration Standards.
3. End of Life for FRP can be defined Quantitatively.
4. End of Life is independent of design.
5. Effective FFS evaluation can be Non-Destructive AND 

Non-intrusive.



Questions?
Geoff Clarkson or Jo Anne Watton 

519-620-0772
inquiries@utcomp.com
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