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Background

• UOE process induces stresses in pipe
• UT Austin study – “UOE process resulted 

in a decrease of 33% in collapse pressure”
• How do we mitigate property losses?

• Thicker pipes - $$$
• Heat-treating

• Quenching - hardness/strength,     ductility
• Tempering - hardness/strength,     ductility



The Pipe

• Manufactured using UOE process
• Grade 70 Steel

• Plate Yield Strength: 70 ksi min
• Normalization

• Makes steel more uniform and ductile
• Heating steel to 800-900°C, then air-cooling
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Heat Treating
• Sample 1: Unheated
• Sample 2: Unheated
• Sample 3: Quench

• 593°C for 1 hour
• Room temp water

• Sample 4: Hot quench
• 800°C for 1 hour
• Room temp water

• Sample 5: Quench + Temper
• 593°C for 1 hour
• Ice water
• Reheated to 450°C for half hour
• Air-cooled
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Results

Sample Treatment
Yield 

Strength 
(ksi)

Ultimate 
Strength 

(ksi)

Percent 
Elongation 

(%)
1 Unheated 73.4 98.2 30.5
2 Unheated 69.4 93.1 30.5

3 593°C for 1 hour, 
Room-temp water 86.0 98.0 27.0

4 800°C for 1 hour, 
Room-temp water 58.6 96.2 26.5

5

593°C for 1 hour,
Ice water, 

Reheated to 450°C 
for half hour,

Air cooled

92.0 99.0 29.0



Conclusion
• Quench + temper process most effective 

in mitigating property losses
• Unheated samples had greatest ductility
• Additional research required
• Future work

• Additional samples (plate and pipe)
• Different heat treatments
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Thanks for listening!
Questions?
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Left – Sample 3
Quench

Middle – Sample 5
Quench + Temper

Right – Sample 4
Hot Quench



Pipe Expansion Tool
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Iron-Carbon Phase Diagram
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