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External Loading 
– Building load

Internal Loading – Thermal load

Greater stress –
more strains No strainNo stress

Heating Cooling

Free expansion
(soft base, pile groups)

Expansion Shrinkage

End constraints
(hard base, stiff structure)

Heating Cooling

Compression Tension
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Heating and Cooling ±5 degrees Heating and Cooling ±20 degrees

Check 1: Is the stress in the concrete smaller than the strength?



FS = 2.6

FS = 2





Check 2: Is the pile movement acceptable?
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Settlement at pile top 

Example; Pile length = 30 m; Pile diameter = 0.6; FoS = 2;



FS = 2

FS = 2.6



Shaft friction < shaft shear resistance

Base resistance < base shear resistance

Check 3&4: Are the mobilised shaft friction and the end bearing 
pressure smaller than the design limits? 

Make sure that the soil 
does not fail
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2400 kN load at the base is about 3 MPa
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Summary for Thermal Piles
• Check 1: Stress in the concrete is less than the allowable limit.

– Extreme – assume that the pile is fully restrained

• Check 2: Pile movement is less than what the superstructure 
can tolerate.
– Need to do pile‐soil interaction analysis 

• Check 34: Mobilised shaft friction is less than the design limit.
– Assume that the pile can fully expand at both ends but no 
movement at somewhere in the middle?

• Check 4: End bearing pressure is less than the design limit.
– Extreme – assume that the pile is fully restrained. But end 
movement will reduce the thermally applied load.


