5 38 44 8 ]
2010 4E 8 A

A BF 0% 2 2 (A & B O
JOURNAL OF TONGJI UNIVERSITY(NATURAL SCIENCE)

Vol. 38 No. 8
Aug. 2010

NEHE. 0253-374X(2010)08-1117-06

X R 18 5 1) A 12
RKE RN LA

DOI:10.3969/j. issn. 0253-374x. 2010. 08. 003

im & 5 IR iR R
ﬁS

(LR T AR TR B 20009252, [WEF sy 4+ TARECE M A S0 g s . Bl 2000925
3 KR HUERRLA 5 [ YRR B . BV P 710054)

T 85 BB I\ YR K IR SC B AR SR U2 5
1 N7 FE X R % 36 1 AAVBE T 1) P o s B R DL 2 IR
ik R TEAS 2 SR B A5 3 1 T DX L A 1) € 119
B . A RE Iy E 5 Mg 0 SRR AR X BRIE I N <
PRARS- 2 R Al B2 4R W 94 R 8 il 1) i T 17 728 £ P A AT
PR FA AR 2 3 BE 7 B T8 B 2 T 1) S S RO I T
AT JBE I MR S DA RO . R B L ol e A2 1) L€ 3 B
WA S (AT LA DI W& 15 AR W 4F . TERf &
I ANl A LA XU B [ ) FA 1 2 80 i i
1) B i 2 S B S R T B T P L B i
G AR 80 E TE X BRI Bl T DR 2 B i) BBl I E . [R5 2%
i o] T IR AR T R A TR AR T TR
TR N B30 ] 2 5 X R il B2 37 1 11380 PR i AT
—E R TR A

S FEDCBRI AR M B AR R

Hr it
hES%ES. TU 445 XHRFRIAEG: A
Analytical Solution to Axial and Radial

Temperature of Tunnel in Cold Region

ZHANG Guozhu*?, XIA Caichu'?, YIN Zhuo®

(1. Department of Geotechenical Engineering. Tongji Unversity,
Shanghai 200092, China; 2. Key Laboratory of Geotechnial and
Underground Engineering of the Ministry of Education,
Unversity, Shanghai 200092, China; 3. School of Earth Science and
Resources. Chang’an University, Xi’an 710054, China)

Tongji

Abstract: Based on superpositon principle and the orthogonal
expansions of Bessel eigenfuncion. the analytical solution to
radial temperature of circle tunnel in cold region was obtained
subject to time and distance dependent boundary changes of
the third kind. The analytical solutions of the annual mean

temperature and temperature amplitude were obtained by
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energy banlance method and experiential method with a
consideration of heat conduction/convection between the
tunnel ground and the air flow in the tunnel. The annual mean
temperature presented an exponential growth with the
increasing distance from entry of tunnel. the annual
temperature amplitude a negative exponential growth.
Applicablity and accuracy of the equation were examined by
comparing the calculated results with the mesaured results. It
is found that the calculated values agree well with those
measured in the field. In determining the temperature
distribution outside the tunnel, wind speed and thermal
properties parameters of surrounding rock, the axial and radial
temperature can be calculated with the analytical solution. The
necessary length of anti-icicle treatment from tunnel entrance
area can also be determined. The analytical solution proves to

be useful for engineers and technicians.

Key words: tunnel in cold regions; non-homogeneous;

convection; axial and radial temperature; anayltical solution
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Fig.1 Heat conduction model of tunnel surrounding

rock in cold regions
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Fig.2 Heat conduction model of air flow in tunnel
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Tab.1 Annual mean temperature and temperature

amplitude of Zhegushan tunnel entrance

B TS /m AP/ C AR AR /C
80 6.2 5.6
180 6.8 4.9
280 7.2 4.6
380 7.8 4.1
490 8.5 3.4
589 8.8 3.2
690 9.3 3.0
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Tab.2 Parameter value for temperature analytical solution

o I/ ks/ Vi/ cp/ 3 . o
To/fC DM iz e G (Wem1-C1) (mes ) (ekglecon?/FEmD Umo Tu/CT/C
SR 1000 4.60 15.00 3.42 0.30 1 000.00 1.29 10.00  3.00  6.20
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Fig.3 Analytical solution of annual mean temperature

in comparison with monitoring data
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tude in comparison with monitoring data
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Tab.3 Eigenvalue of Zhegushan tunnel temperature
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radial temperature of surrounding rocks
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