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Abstract: Based on Yima No. 1 tunnel project of Yinchuan-Xi'an high-speed railway located in
loess plateau, heat exchange tubes were buried in the tunnel invert and pile foundation, and
energy tunnel invert-pile foundation combined heat pump system was built. The inlet and outlet
water temperature, tunnel invert and pile foundation temperatures, thermal induced stress under
difference inlet water temperature were measured. The heat transfer efficiency, the thermal

response characteristics and change law of the tunnel invert and the soil surrounding energy pile
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were discussed and analyzed. The results show that in specific conditions on site, when inlet
temperature and initial ground temperature difference are 4. 7 °C and 14. 7 ‘C, respectively, the
temperature of the tunnel invert structure rise about 3. 8 ‘C and 11. 4 °C, the thermal induced
axial stress are 3. 13 MPa and 13. 86 MPa, the thermal induced hoop stress are 2. 85 MPa and
9. 93 MPa, and the heat transfer efficiency of tunnel invert are 7. 86 W e m ' and 24. 15 W « m ™',
C ' and 0.35 MPa « C ',

respectively. Under constant power operation, the change of heat transfer efficiency of invert

The unit thermal induced axial and hoop stress equal 0. 44 MPa -

base energy pile with inlet temperature and initial ground temperature difference is almost a
straight line with slope 2 = 4. 1 passing through the origin. The heat transfer efficiency

", which is similar with that of conventional energy pile. The

maintained between 50-70 W « m~
mechanical properties of the soil around the pile foundation are limited by the operation of the
energy pile.
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Fig. 1 Layout of heat exchange tubes in tunnel

invert and base pile foundation

1.2 HMpHRBETHRK

TR0 BRI TR A b N K2 LLF 21 m b, H
TR TCAR M L BEGE LA AR RO+ 8 T I
AR 4 LM TR E SRR L.
45 72 B v 5 3 K M 22 T BUAH X B K )2 T DL 5
BN B A b T KR AR R M RO R B
TR SEAY L R 1 R,
1.3 #HAEIEERNRERERE

IR A R G I M A FE B B 2y 1. 91 km,
PR B b 3R 29 85 m, /o i AR MES o DK257 4466, 47
Z RS DK257-+478, I HE 45 4 15 % + A4
AR REDR B 45 2% 43 ) Ry C35 H1 HRBAOO , 854 46 i
31k 200 GPa il 31. 5 GPa, JLJEHE K 3 [ % A4
BEHEAZ 0.5 m, BEK 5.5 m, A T00 S B2 40 HE IS &5

x1 tBEMR
Table 1 Properties of layered soils
Rl w/ % o/(g+cm™ %) e I Ip E,/MPa go/(o) ¢/kPa
FHAKIZLL L 22 1. 89 0.76 0.27 11.8 7.72 20.7 33.3
TAKZEUT 26 1.96 0.75 0.57 12.0 6.48 20. 2 33.5

TE w W RIREIKE 0 I RIREE se LB I T 9 PERE 8 T WP EGE, NI RABERE s HINEEHM s AFERTT.

HEHAME 2.5 cm. N4 2.1 em 9 PE & 4E e 34
LR TR L WO A TR A G L
BEK 4.0 m, [E]#E 0.3 m, Wi Xyt i HE B34,
B 17,0 m, FE AT 3 o o [ G A A O A
U HA BRI N e R K 29 10,0 m. A RIE
RGO FERAE W B [ b R D AN o 1 R R A
T

Tk A% J i R L ) A [ i ML A T Ak 45 4y
ORI S - . N s A A 3 | B WA 7
PEAEFL RS e B MR BE 0. 65 m Ab, H WY % B IR 7 1]
A 32 O ) % N BGRB8 A 1 1005 | it 5 A
) HARBS mE mE 2 Pios.
1.4 RBEARE

PRI R] 24 M A v e AR TR AN B G P A B
W 3 frac. K 3 L. RAF M i H AR AF
FE— 52 WU 3 (FL R S P 2R 55 T B 52 52 i AR G 5D
AR ETE 20~23 CZ A IR B RFLE Y 28 d WY,
RIS B B MRS E A 21,7 C .y SOk
[16 0] %0, 78 Hb VR PR 22 4038 AW R K S 1706 36, 45
B E ML 2R RE LN 22.8 °C,

il 8 3R K DA S R B S R T 4 B
PEIR Al 22 5 A BE 25 40 JIC 8 - AR il A7 o sc 4, L &
A5 TR A SRR o 50 T LR B ) B R AR R S

fﬂ‘i\
2 !. -w:m-*-;ﬂs""‘7":1‘;:7&,",”
= " i

B\

&) WEAEREGE
B2 BARLEREREHE

Fig.2 Heat exchange system and sensor layout
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Fig. 4 Distribution law of temperature, soil pressure and
pore pressure of layered soil surrounding energy pile

along pile depth
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Fig. 5 Change curves of temperature, soil pressure and
pore pressure of layered soil surrounding energy
pile with time
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Fig. 6 Relation curves between stress increment and
tunnel inverted arch temperature rise
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Fig. 7 Circumferential stress development
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temperatures and heat transfer efficiency with time
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Table 4 Comparison of heat transfer efficiency of

energy tunnel system
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0.8 6. 400 SCik[11]
1.5 12. 000
0.4 1.175~7.050| C#k[25]
0.5 0.3 18. 000 )
k[ 16]
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