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Abstract: The consolidation under the non-isothermal field has long been the research focus. Based on the governing equations
which take seepage flow into consideration, a new method to obtain exact solutions for one-dimensional thermal consolidation
of single-layer saturated soil with three types of arbitrary boundary conditions is proposed. Firstly, the aim to solve temperature
and excess pore pressure is transformed to solve the function ¢ by introducing the function ¢. The eigenfunctions of differential
equations are achieved with boundary conditions by the method of separation of variables. The nonhomogeneous boundary
conditions are then transformed into homogeneous ones. The series form exact solutions are put forward according to the

method of undetermined coefficients and eigenfunctions of differential equations. Finally, the conclusions that the seepage and

temperature boundary play an important role in the thermal consolidation of the soil are reached by case studies.
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loading on top surface
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03

—a—x/h=0.1
02

o
=

FBEFLIEP/Prax

1 1 1 ]
0 1x10° 2x10° 3x10° 4x10°
i [ ot

12 ERMREIEZEWLF@BERFLIE - BHE Lk
Fig. 12 Excess pore pressure-time curves with sine loading on top

surface

5 &% %

(1) ASCHTA RS BA R, RIRT 3
KT UGN FLAE A TR R, S R 5
W, RT3 REEEFUCLREMT, WHRE+
ok 28 A S T SR AT 1

(2) R, BB FLER L B, HHik
FE £ SRR AN, TR AT DU 2RSS

(3) -k P L I 5 A BRLAE B HE A 5
TITEAL, FOAE /N5 e R 380 K e R P 4
HYIH .

(4) AR F TR FE A P TS B0 A PR R A4,
T A R FUR . 4RI R L, R R
EKTHR, R KRN, ik P R R K
G, TR W BRI . 24 T IR R TSR AL,
- A B AR AL th s B IR X 3, L )
5T IR 3 AR



%9 KA, S VRIS R — Yl 25 R 1 A 1723
International Journal for Numerical & Analytical Methods in
SRk Geomechanics, 2010, 27(11): 883 - 904.

[1] BIOT M A. General theory of three - dimensional
consolidation[J]. Journal of Applied Physics, 1941, 12(2):
155 - 164.

2] BIOT M A
thermodynamics[J]. Journal of Applied Physics, 1956, 27(3):
240 - 253.

[3] BOOKER J R, SAVVIDOU C. Consolidation around a point

Thermoelasticity —and  irreversible

heat source[J]. International Journal for Numerical &
Analytical Methods in Geomechanics, 1985, 9(2): 173 - 184.

[4] SMITH D W, BOOKER J R. Boundary element analysis of
linear thermoelastic consolidation[J]. International Journal for
Numerical & Analytical Methods in Geomechanics, 1996,
20(7): 457 - 488.

[5] ZHOU Y, RAJAPAKSE R K N D, GRAHAM 1J. A coupled
thermoporoelastic  model ~ with  thermo-osmosis  and
thermal-filtration[J]. International Journal of Solids &
Structures, 1998, 35(34/35): 4659 - 4683.

[6] BOOKER J R, SAVVIDOU C. Consolidation around a
spherical heat source[J]. International Journal of Solids &
Structures, 1984, 20(11/12): 1079 - 1090.

[71 MCTIGUE D F. Thermoelastic response of fluid-saturated
porous rock[J]. Journal of Geophysical Research, 1986,
91(B9): 9533 - 9542.

[8] GIRAUD A, ROUSSET G. Thermoelastic and thermoplastic
response of a porous space submitted to a decaying heat
source[J]. International Journal for Numerical & Analytical
Methods in Geomechanics, 2010, 19(7): 475 - 495.

[91 BLOND E, SCHMITT N, FRANCOIS H. Response of

saturated porous media to cyclic thermal loading[J].

[10] BAI M, ABOUSLEIMAN Y. Thermoporoelastic coupling
with application to consolidation[J]. International Journal for
Numerical & Analytical Methods in Geomechanics, 1997,
21(2): 121 - 132.

(111 B UK. RRR BT ARSI — e S S5 PR 5T 0] T
FE 112, 2005, 22(5): 186 - 191. (BAI Bai. One-dimensional
thermal consolidation characteristics of geotechnical media
under non-isothermal condition[J]. Engineering Mechanics,
2005, 22(5): 186 - 191. (in Chinese))

[12] BAI B. Fluctuation responses of saturated porous media
subjected to cyclic thermal loading[J].
Geotechnics, 2006, 33(8): 396 - 403.

(131 B oK. BN RIS E ] N2 fL B K- &
W R [T LR J1 %, 2007, 24(5): 87 - 92. (BAI Bai.
Thermo-Hydro-Mechanical responses of saturated porous

loading[J].

Mechanics, 2007, 24(5): 87 - 92. (in Chinese))

Computers &

media under cyclic thermal Engineering

[14] BAI B. Thermal consolidation of layered porous half-space to
variable thermal loading[J]. Applied Mathematics and
Mechanics (English Edition), 2006, 11(27): 1531 - 1539.

[15] EBgA, R B, SRR TR Z LA BTk 45
B RS RUNEN]. 154544k, 2017, 49(2): 324 - 334.
(WANG Lu-jun, Al Zhi-yong. Epim for thermal consolidation
problems of saturated porous media subjected to a decaying
heat source[J]. Chinese Journal of Theoretical and Applied
Mechanics, 2017, 49(2): 324 - 334.(in Chinese))

[16] SMITH D W. Boundary element analysis of heat flow and
consolidation for geotechnical applications[D]. Sydney:

University of Sydney, 1990.



