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Experimental study on shear behavior of energy pile-soil
interface affected by temperature

CHEN Zhixiong', GAN Fengjia’, WANG Chenglong"**, PENG Chen’,

DING Xuanming’

(1. College of Civil Engineering, Chongging University, Chongqing 400045, P. R. China; 2. Academy of Dazu Rock
Carvings, Chongging 402360, P. R. China; 3. Chongqing Bureau of Geology and Minerals Exploration, Chongqing 401121,
P. R. China)

Abstract: In the working process of energy pile, the pile body will produce thermal deformation influenced by
temperature change and induce cyclic shear action on the soil around the pile, which would weaken the bearing
capacity of the foundation and bring risks to the normal use of the pile foundation. Because the traditional direct
shear apparatus could not simulate the temperature variation of the pile and soil in the working process of energy

piles, there was limited research on the mechanical properties of the pile-soil interface affected by the
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temperature. In this paper, the traditional direct shear apparatus was modified to adjust the temperature of soil
samples. The soil used in this test was sampled from a construction site in Chongqing, and the geotechnical
direct shear tests of pile-soil interface under different temperatures were carried out. The effects of single and
cyclic temperature variation on the mechanical properties of the pile-soil interface were analyzed. Meanwhile,
the difference between the mechanical properties of pile-soil interface and soil was compared. The results
showed that the shear strength of pile-soil interface was influenced significantly by the temperature. With the
increase of temperature, the friction angle and cohesion of the pile-soil interface would firstly decrease and then
increase. Temperature cycles had a great influence on the mechanical properties of pile-soil interface under low

normal stress, while it had no significant influence under high normal stress. The variations of shear strength,

friction angle and cohesion of the soil influenced by temperature was similar to those of pile-soil interface.

Keywords: energy pile; shear behavior; pile-soil interface; temperature variation
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Fig. 1 Particle size distribution curve
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Table 1 Physical parameters of soil

W/ (g/cm)  PURL LR KR/ Y MR/ %
1.76 2.66 15.50 55. 50

TEEE/(g/em®)  FLBREE  AREEY (1/(kgK)) FHEE/ (W / (mK)
1.53 0.74 984 1.34
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Fig.2 Schematic diagram of the shear box
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Fig.3 Schematic diagram of the test arrangement
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Table 2 Test condition for different temperatures

5 1 X 4 1 1 /kPa T /C

1 -+ 50 21

2 -+ 100 21

3 -+ 150 21

4 M-+ 200 21

5 -+ 50 21~10

6 k-t 100 21~10

7 -+ 150 21~10

8 bE-+ 200 21~10

9 bE-+ 50 21~30
10 bE-+ 100 21~30
11 bE-+ 150 21~30
12 hE-+ 200 21~30
13 BE-+ 50 21~35
14 B+ 100 21~35
15 BE-+ 150 21~35
16 bE-+ 200 21~35
17 bE-1+ 50 21~55
18 bE- 1+ 100 21~55
19 BE-+ 150 21~55
20 BE-1+ 200 21~55

#3 BEHRETHREIR

Table 3 Test condition for cyclic temperature load

T Wy IR /kPa T T /C

1 -+ 50 21~35~10(1 R AEHF )
2 -+ 100 21~35~10(1 &KAEH)
3 k-1 150 21~35~10(1 KAEH)
4 B+ 200 21~35~10(1 KAEH)
5 k-1 50 21~35~10(5 &K AEH)
6 k-1 100 21~35~10(5 &K AEH)
7 -1 150 21~35~10(5 KAEH)
8 k-1 200 21~35~10(5 KAEH)
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Fig. 4 Variation of shear stress-displacement of pile-soil

interface under different temperatures
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Fig. 5 Strength envelope diagram of pile-soil interface under different temperatures
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Fig. 6 Variation of mechanical properties of pile-soil

interface with temperature
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