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17TR8: The HPHT Method ‐ February 2015

• Design Methodology – roadmap for  
transition from API 6X and Div 2 to Div 3

• Populate oil field material data sheets at 
elevated temperatures
• Establish physical properties and    

QA lists
• Establish HPHT validation tests

• Extended function testing standard
• Guidance for project specific testing

HPHT
Design



Scope of Equipment (based on 
API Pressure Rating, RWP) 
 ≤ 15 ksi 

 > 15 ksi (HP)

Design Verification (for failure modes)
• Plastic Collapse
• Local Strain Limit
• Ratcheting
• Fatigue and fracture assessment

Design Validation

API 17TR8: HPHT Design Flow Chart

Define:
• Functional Specifications
• Failure Modes, Effects and Criticality 

Analysis (FMECA)
• Material Properties (at Temperature)

• < 350F

• ≥ 350F (HT)
API 6A/6X 
API 17D

ASME Div. 2 ASME Div. 3



17TR8: The HPHT Method – Second Edition

• Design Methodology – roadmap for  
transition from Div 2 to Div 3
• Add Normal/Extreme/Survival 

criteria
• Expand Fatigue Assessment 

criteria
• Oil field material data sheets  at 

elevated temperatures
• Recognize and incorporate new 

Materials Standards
• Establish generic physical 

environment
• Expanded Annex on Load Monitoring

HPHT
Design



Code Updates Since 2015

• API Spec 20 B and C on forgings
• DNV RP 34 on forgings for subsea applications
• API Spec 20 E and F on bolting
• API 579‐1 adding strain based fatigue analysis 
[Level 3]



Operating 
Conditions Elastic “Div. 2”

Elastic-Plastic
“Div. 3”

Elastic-Plastic
Normal 0.67 × Yield 2.40 1.80
Extreme 0.80 × Yield 2.00 1.50
Survival 1.00 × Yield 1.60 1.20

Normal/Extreme/Survival ‐ LRFD Capacities

Yield Strength must be minimum value over range of operating temperatures



Operating 
Conditions Elastic “Div. 2”

Elastic-Plastic
“Div. 3”

Elastic-Plastic
Normal 0.67 × Yield 2.40 1.80
Extreme 0.80 × Yield 2.00 1.50
Survival 1.00 × Yield 1.60 1.20

Normal/Extreme/Survival ‐ LRFD Capacities

Yield Strength must be minimum value over range of operating temperatures

Yield Strength

Elastic-Plastic 
(Non-Linear Analysis)
Collapse Pressure

Material Stress-Strain Curve - Example 



Performance Envelope
API 17TR8 Validated with 50‐SampleTesting

Source: OTC Paper 27605
Courtesy of Dril‐Quip

Fracture

Burst

Max. Hydrostatic Test

Rated Working Pressure



Performance Envelope
API 17TR8 Validated with 50‐SampleTesting

Max. Hydrostatic Test

Working Envelope

Source: OTC Paper 27605
Courtesy of Dril‐Quip

Fracture

Burst

Hollow Tensile Specimen with 
D/t Ratio of 5.35



Performance Envelope
API 17TR8 Validated with 50‐SampleTesting

Max. Hydrostatic Test

Source: OTC Paper 27605
Courtesy of Dril‐Quip
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17TR8:  Design Flow Chart – Tug‐of‐War
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17TR8:  Design Flow Chart – Tug‐of‐War

Standardization
• Class requirements
• Performance FMECA
• 1‐time Qualification

Field Specific
• Metocean and Well
• Fatigue Histogram
• Use and Criticality
• Project Qualification



S-N Fatigue Curve Fatigue Crack Growth Rate (FCGR)Material Strength vs. Temperature

What metocean, vessel 
watch circle and well 
operations define 
Normal-Extreme-Survival 
conditions

Where 
component 
used defines 
“criticality” and 
may add more 
FMECA criteria

Cyclic load raw 
data from sensors

Production Log Histogram

17TR8:  Design Flow Chart – Tug‐of‐War



Material Characterization Protocol

First Edition Second Edition

Define 



17TR8:  Design Flow Chart – Fatigue Assessment
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VXT
(in the wellhead)

VXT
(with Tubing Head)

HXT

Tubing 
Hanger Subsea 

Wellhead

Tubing 
Head

• Loss of Barrier analysis
• Fracture Mechanics or S‐N

• Stress based fatigue assessment
• ASME VIII‐2, section 5.5.2
• ASME VIII‐3, Article KD‐3



17TR8:  Design Flow Chart – Fatigue Assessment
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• Stress based fatigue analysis
• ASME  VIII‐2, 5.5.2 or VIII‐3, KD‐3

• Strain based fatigue analysis
• API‐579‐1 ASME FFS‐1, Part 14, Level 3

• These two methods uses multiaxial stress/strain and also account for mean stress 
• Both elastic and elastic plastic FEA results can be used with these two methods
• Any beneficial residual stress can be accounted with these two methods        

(Example: Autofrettage, hydrotest)



17TR8:  Design Flow Chart – Design Validation
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Performance Requirement (PR)

 PR2:  Performance-based, minimum [functional cycle testing]

 PR3:  Performance-based [PR2 + additional validation testing identified by design 
FMECA ]

 PR4:  Design Analysis Validation [PR3 + additional procedures associated with 
validating the design verification process with respect to fatigue sensitive 
component]



Other updates

• Annex A on load monitoring 
expanded

• Annex D on material 
characterization protocol 
added

• Several OTC and ASME PVP
papers added to
bibliography



Conclusions and Future of 17TR8

 Second Edition passed and going through comment resolution

 Next step is how to incorporate specifics into specifications / standards

 Tug-of-War will continue at specification level because of HPHT’s 
stochastic requirements (who wins, who pays?)

 17TR8 Task Group will stay on as a group

Standardization
Field Specific



Jack Nicholson

Thank You

Brian Skeels
brian.skeels@technipfmc.com
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