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Thermo-mechanical coupling characteristics of single energy pile
operation in 2x2 pile-cap foundation
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Abstract: The energy pile technology is a new energy-saving technology that integrates the functions of ground source heat
pump and building pile foundation. In order to study the thermo-mechanical characteristics of energy piles and their effects on
the other parts of pile foundation, field tests on the thermal response of a 2x2 pile-cap foundation under single pile heating
conditions are carried out. The temperature and strain changes of energy piles, diagonal piles and cap are measured. The
mechanical properties of the energy piles due to temperature changes, the influence laws on the soil around the pile and the
structure of the cap are discussed. It is shown that the maximum constraint compressive stress of 3.94 MPa is generated in the
middle of the pile during the summer operation of the energy piles. The condition of the thermal stresses associated with the
complete heating and restraint of the pile provides a suitable upper bound for design, and the measured value is about 48% of
the upper bound. Under the combined effects of atmospheric temperature and operating pile, an additional tensile stress of
approximately 1.05 MPa (approximately 43.8% of the tensile strength of concrete) will be induced in the middle of the cap. The
head displacement of the energy pile is about —0.6 mm (0.6%o. of pile diameter) under the thermo-mechanical coupling.
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Fig. 2 Layout of heat exchange tube and instruments in energy

pile-cap foundation
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Fig. 3 Distribution of initial temperature of pile in-situ
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Fig. 4 Curves of test initial average temperature of pile
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Table 1 Physical and mechanical properties of layered soils

+ WREE/m  FE/(gem’) BIKE Y% WBIR/%  WRR/%  E4iERMe, FEIIkPa WNEEEM(C )
1 1.81 124 11.3 25.5 0.78 17.1 22.9
i 5 1.99 20.7 12.4 26.1 0.45 26.0 14.8
13 2.00 23.4 10.6 25.3 0.44 27.2 13.11




320 H O+ T OB % M

2020 4F

THA 32.6°C. (HIR AR AN 5 A FEA A,
HApFERET A IR TR RO, B b, B R
it 2 T it R P PR A A B o i T AT 1Y
ALl IR IR Y B N TR IR EE R, BE S IR FIE
IR THIE; (ESCPr R FISATI, TR AR
KT 10 m BURIREE,  PRIMACEG S A T A T
PRI BT HIERE R T SE PR B AT R Ol . 10 H TR R
SEMEIRT AT o FRAHXHIR IR S LR AERT, BRI
PR VY HIOE PO B AR AR, PRI, AR A

THE B/ o
20
st
&~
% 10 |
kst
1 1 1 1 1 1 1 J
0 50 100 150 200 250 300 350 400
e/ h
50
' 40 - PO ‘«,@mowww
= 'K«“EYMM
b 30 0%
uch 20 —— K FREE
—o— K DR E
10 1 1 L 1 1 ! ! )
0 50 100 150 200 250 300 350 400
M/ h

E5 XRBE. #/HKEEMEITIERNELXR

Fig. 5 Curves of air temperature and inlet/outlet temperature

versus time
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Fig. 7 Variation of average temperature of inlet & outlet water in

response to temperature change
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along depth
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