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Abstract

Use of geothermal energy has been increased for its economical application and environmentally friendly utilization.
Particularly, for energy piles, a spiral coil type ground heat exchanger (GHE) is more preferred than line type GHEs
such as U and W shaped GHEs. A PHC energy pile with spiral coil type GHE was installed in an area of partially
saturated dredged soil deposit, and a thermal response test (TRT) was conducted for 240 hours under a continuous
operation condition. Besides, remolded soil samples from different layers were collected in the field, and soil specimens
were reconstructed according to the field ground condition. Non-steady state probe methods were conducted in the lab,
and ground thermal conductivity and thermal diffusivity were measured for the different soil layers. An equivalent ground
thermal conductivity was calculated from the lab test results and it was compared with the field TRT result. The difference
was less than 5%, which advocates the use of an equivalent ground thermal conductivity for the multi-layered ground.
Furthermore, this paper also represents an equivalent ground thermal diffusivity evaluation method which is another very

important design parameter.
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Table 1. Drilling log of the test site

Depth Layer Description USCS
(m)
. Medium dense sand
Reclamation :
layer Wetting SP
0 Light brown
1.0 Dense sand with gravel
Silty clay
Sedimentary Wetting
layer Light brown CL
(I Soft
4.6 w=30.6%, €=0.908
Clay
Sedimentary Wetting
layer Dark gray CL
() Very soft
8.8 w=28.5%, e=0.912
Weathered Silty sgnd
ranite Wetting
¢ } Light brown SM
soil )
(V) Medium dense
15 w=30.6%, e=0.615
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(b) Cement grouting
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Fig. 1. Construction process of energy pile
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Table 2. Ground thermal conductivity with different water contents

Water Thermal conductivity Thermal diffusivity
content (W/mK) (mm?/s)
15% 1.618 0.431
18% 1.643 0.518
20% 1.720 0.651
30.6% 1.783 0.685
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Table 3. Thermal conductivity of weathered granite soils varying with water content

Water content Thermal conductivity measurement Thermal conducitvity (W/mK) Thermal dziffusivity
(W/mK) Lee (2010) (mm?</s)
0% 0.407 0.2633 0.297
5% 1.071 0.6283 0.722
6.8% 1.474 0.7597 1.078
10% 1.839 0.9933 1.290
21% 1.958 1.7963 1.411
22.4% 2.063 1.8985 1.458
(No i?).eGCfmen) 2.497
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Table 4. Thermal properties of different ground layers

Layer (depth) | Thermal properties | Measurement method
(Ol?y;r)lsp . ;_11511 Vrg]/r:];;s Field measurement
layer Il A, = 1.783 W/mK
(1~4.6 m) CL | a = 0.685 mm’/s
layer IlI A, = 1.863 W/mK Non—steady probe
(4.6~8.8 m) CL| o = 0.848 mm?/s & estimation
layer IV A, = 2.497 W/mK
(8.8~15m) SM| o = 1.620 mm?/s
Equivalent A, = 2.055 W/mK Field TRT
properties a = 1.148 mm%/s A, = 2.145 W/mK
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