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Abstract: Geothermal energy pile is the new pile technology that combines the ground source heat pump technology and
building pile foundation. Due to the pile as the heat transfer carrier of ground source heat pumps, the bearing characteristics of
energy piles are different from those of the conventional engineering piles because of thermo-mechanical coupling. In-situ
thermo-mechanical tests on drilled friction geothermal energy piles of a Kunshan project are performed. The temperature, stress
distribution of pile shaft and displacement of pile tip are investigated under multi-level loadings and heat exchange cases. The
distribution curves of temperature-induced loading, axial force and friction resistance of pile shaft are obtained, and the
thermo-mechanical bearing properties and load transfer characteristics of drilled friction energy piles are analyzed. The results
indicate that the additional temperature loading is induced in energy pile shaft by temperature change. The characteristics of
axial force and the temperature-induced loading of energy piles are affected by pile loading and constraint of pile toe. The
bearing properties of the energy piles is not the same with that of the engineering piles by loading only. Under heating condition,
the negative friction resistance of pile shaft is produced at the upper and middle parts of pile, but the effect of negative friction
resistance decreases by the increasing loading. While under cooling condition, the negative friction resistance of pile shaft is
produced near the pile toes. So the load transfer characteristics of energy piles are changed by the thermo-mechanical coupling
effect. Under the design working loading, the head of energy piles is uplift under heating case and dropped under cooling case.
The displacement of energy pile head at heating process is ———————
almost restored after temperature is recovered, but the -
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remains after cooled. So the settlement characteristics of energy piles are changed by the thermo- mechanical coupling effect.

Key words: friction energy pile; in-situ thermo-mechanical test; heat exchange case; negative friction resistance; temperature

additional settlement
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Table 1 In-situ tests on geothermal energy piles

FEMRAR Bourne-Webb 2513 Laloui 217 Brandl™ e e 2141
R H Main Test pile T-1 T-6 T-7 — 168
MK /m 23 25.8 30 30 9 12
FEIERAL . HE42/m HbE, 0.55~0.61 MEfS, 0.96~1.17 A, 1.2 BpE, 0.8 (Ikk1.2)
FESEfT R /KN 1200 — 1183 1088 500~900 1600 1800
+ 20 W, BOR/AER 1 L Fiik—wb ikt W R B /R R
s £ )2 Tk i WA Filk—wb ikt HR XL YR D
IR JEARAb+ AT */°C -20 +10 +20.9 +18 +7~—14 +24.7 -15.75
Al 1) e R AT F/KN 670 -675 2150 3060 -2830 -300 2000 1182.6
H LR FE A B /m 15 6 2120 125 12.5 45 6 6
=) vH
BRI 177 329 104 -153 — -161 149.46
J(kPa-'C™
-5.9 -1.5 -2.5
2.1 (0~6m) HEF* BE+
IREESEMEMBE Y (6~15m) 1.5 -0.5 0.5 2.7%* - -
/(kPa-"C™") -4.0 (6~15m) (%+t) (1) (4.5~6.5 m A1)
(20~22.5 m) 5.4 0.9 5
(15~22.5m) (ffit) (g 1)
FETHC % /mm 2.35 -1.63 — — — -0.6 2.8

TE: * £ AT N2, TR, AR =51,
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Table 2 Characteristics of soil layers in site

TE&mS TEA JZ & /m +2RE
®-1 3 N 2.80~3.20 —
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®-2 W + 4.70~6.10 rprs
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Fig. 1 Diagram of energy pile No.55
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Fig. 2 Static load test curve of energy pile No. 55
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Table 3 In-situ mechanical-thermo test schemes of energy pile No.55
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FEKT (P%) ik FNAZ e T[] WK (P.%) FNAZ e T[]
0 0 He# 22 h, (A1 28 h — — —
AR :
25 420 kN He#h 35h, [FIE 30 h — — —
50 840 kN He# 45 h, R 30N 50 840 kN #il¥ 25h, [FE 28 h
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Fig. 3 Distribution curves of axial force of energy pile No. 55
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Fig. 4 Distribution curves of friction resistance of energy pile
No. 55
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Fig. 5 Temperature curves of energy pile No. 55 in heat exchange

cases
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Fig. 6 Stress curves of energy pile No. 55 in heat exchange cases
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Fig. 9 Distribution curves of friction resistance of energy pile
No. 55
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Fig. 10 Displacement-temperature-time curves of energy pile No. 55
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