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Abstract: To explore the effect of temperature on the load transfer mechanism and related mechanical responses
of energy piles, a plane transient temperature field equation was introduced to decouple the temperature field from
the stress field. Based on the plane stress model, the energy pile and the surrounding soil of the pile are considered
as a whole with coordinated deformation, and the radial thermal stress is calculated. It is then further combined
with the hyperbolic load transfer model to modify the ultimate frictional resistance at the pile-soil interface.
Considering the longitudinal thermal strain in the vertical load transfer equation, a method for analyzing the
bearing characteristics of vertically loaded energy piles that can simultaneously consider the longitudinal and
radial thermal effects is obtained. The incremental method is used to solve the governing equation of energy pile
load transfer. The relevant mechanical responses such as the axial force of pile, shaft resistance, and pile
displacement are obtained. Through a comparison with the existing literature, the rationality of the model is
verified. Through parametric analysis, the load transfer characteristics of energy piles under the action of
temperature and vertical force are studied. The results show that the temperature will change the load transfer
characteristics of the energy pile, and increasing the operating temperature of the energy pile can slightly increase
its bearing capacity. The calculation process of the method in this paper is clear, which can provide a reference for
the design of energy piles.

Key words: pile foundation engineering; energy pile; load transfer method; mechanical response; radial thermal
stress
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Table 1 Radial thermal stress calculation parameters
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Fig. 5 Comparison of radial thermal stress calculation results
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Table 2 Model parameters

& X fH
BEA/m 19.6
Hi%/m 0.88
HEAA 5 A 4 /GPa 27.8
HEARPZIK R %/ (m-C ) 2.22x10°%
AR B/ MPa 11
PEEHES11(°) 31
T HAHFE(W-(m-T) ) 2.3
iR SR E/(W/ (m-C)) 23
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Fig. 6 Comparison with centrifuge test results
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Table 3 Thermal mechanical parameters of pile and soil

Tz JE % /m Hp/kgm?)  KEIIC/KPa  NEEEES /(%) TERA L g PAPERTEE/MPa bR R
it 3.0 1800 9 11.6 0.35 28 0.2
*+ 2.0 1800 9 11.6 0.35 28 0.2
by 1.5 1830 22 12.8 0.35 25 0.2
WIB TR T L 2.0 1830 13 10.0 0.40 15 0.2
0 B 5.0 1940 42 15.0 0.35 80 0.2
¥ LIk b 6.0 1840 8 25.1 0.30 100 0.3
RS IR L 6.0 1860 6 27.1 0.30 140 0.3
et 2.5 1810 9 22.1 0.30 120 0.3
¥t 12.0 1840 8 252 0.30 200 0.3
BEAR PR REU(W-(m-C) ™) BEAR 2 B2 /(kg-m™) BRI L BEAR EE /(- (kg-C) )
2.3 2500 0.2 960
PEAR NI R 2/(m-°C ) TR FHRRB(W-(m-T) ™) TR/ (kg-C) ) T ARSZIK R/ (- C )
1.0x10° 1.8 1500 5x10°6
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Fig. 7 Comparison of axial force distribution curve
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Table 4 Calculation parameters
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Fig. 10 Plastic development curve
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