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Nonlinear model and numerical simulation of thermal consolidation
process of saturated soils

GUO Zhi-guang, BAI Bing
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The governing equations and state equations for the thermosetting consolidation of saturated soils are given based on
the coupled equations of thermo-hydro-mechanical coupling in porous media. And considering the influences of temperature
and pore water pressure on the drained bulk modulus, the expression for nonlinear elastic modulus is established. The results
are compared with those of the existing thermal consolidation tests, and the calculated results are in good agreement with the
experimental results. The calculated results show that the change of permeability of water in soil specimens has a significant
influence on the dissipation of water pressure and the evolution of volumetric strain. And the solid matrix is compressed and the
bulk strain changes greatly in the isothermal consolidation process, whereas the solid matrix has a tendency to expand in the
non-drainage heating consolidation process. Moreover, the upper bulk strain of porous media is larger than that of lower part
due to the influences of gravity. The increase of temperature loading steps causes the pore water pressure to be continuously
generated in the porous media, and the mean bulk strain increases with the discharge of pore water.
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Fig. 3 Heating paths of porous media in calculation

0.28 -
A-1 A A-2
n n n
0.21
£ 0.14 B-1 B B-2
Nihaadl
0.07 c-1 o Cc-2
n n n
0 -
1 1 1 1 ]
003 004 005 006 007 008
R/m

[ 4 —4EshxiFRiT BARE

Fig. 4 Two-dimensional axisymmetric computational model
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Fig. 6 Variation of pore pressure during isothermal drainage
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Fig. 9 Evolution of mean bulk strain with time
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Fig. 11 Evolution of mean Miss stress with mean bulk strain

4 & B

(1) FETHIRN 2 FLA i #-K- 2185 & i
T2, 2 R B AN F LB /K R 75 HE K AR AR AR B (1) 52
AR MR E RIS . PRI, 1R
P AR S5 4 54006 245 TR & 80T

(2) AR, MR R AR (AR Ak 3 B A AEHE K [
ghidRE, R E L I R AR N AR N E A B
SR, SRR HEKE 25 R B A T iRk R LR K
TR EFBR, IHFLBR/K R 71 K208 2.5 kPa; Tl
B B 7w/ = S L Y2 VS Ny N 1 E =B N R = 9 =%
SR HE I A AN R (1) ST I A AR A T K

(3) Pt I A mT AR L (1) AR A ] 25 36 L
BRZK T 77 9 B R R A A e S REAIE, 2 BA A RN 43K
FE A FLBR 7K 1233 2 I AR A X6 7K s 70 78 B0 AR I8 A 1 i
et FE A AR B B AR . A R R ALK B
BHEHEN Ky 0.5Ky, 0.1Ky, 0.05K, I, FLIETEETH
i) 22504 10, 30, 120, 250 s.

SEH:

(11 B oK, BN R R A B AR R R 0], 5
+ )1 %, 2003, 24(4): 533 - 537. (BAI Bing, ZHAO
Cheng-gang.  Temperature  effects on  mechanical

characteristics of clay soils[J]. Rock and Soil Mechanics,

2003, 24(4): 533 - 537. (in Chinese))

2] A UK AR B AR R E SR T[] T



11

Rlug

BEJG, 5. R S R ) — A AR R R B W 2067

B 5%, 2005,

One-dimensional thermal consolidation characteristics of

22(5): 186 - 191. (BAI Bing.
non-isothermal
Engineering Mechanics, 2005, 22(5): 186 - 191. (in Chinese))

[3] BAI Bing, GUO Lan-jie, HAN Song. Pore pressure and

geotechnical media under condition[J].

consolidation of saturated silty clay induced by progressively
heating/cooling[J]. Mechanics of Materials, 2014, 75: 84 - 94.

[4] CHEN Xiao-hui, PAO W, THORNTON S, et al. Unsaturated
hydro-mechanical-chemical constitutive coupled model
based on mixture coupling theory: hydration swelling and
chemical osmosis[J]. International Journal of Engineering
Science, 2016, 104: 97 - 109.

[5] CHEN Yi-feng, ZHOU Chuang-bing, JING Lan-ru. Modeling
coupled THM processes of geological porous media with
multiphase flow: theory and validation against laboratory and
field scale experiments[J]. Computers and Geotechnics, 2009,
36: 1308 - 1329.

[6] PAASWELL R. Temperature effects on clay consolidation[J].
Journal of Soil Mechanics and Foundation Engineering
Division, 1967, 93(3): 9 - 21.

[77T BOOKER J R, SAVVIDOU C. Consolidation around a
spherical heat source[J]. International Journal of Solids and
Structures, 1984, 20(11/12): 1079 - 1090.

[8] SAVVIDOU C, BOOKER J R. Consolidation around a heat
source buried deep in a porous thermoelastic medium with
anisotropic flow properties[J]. International Journal of
Numerical and Analytical Methods in Geomechanics, 1989,
13(1): 75 - 90.

91 B UK HEABARFR AT SR8 B 1) R DR bR BOA [T,
F1%54R, 2004, 36(4): 427 - 433. (BAI Bing. Heat source
function method for coupling analyses of thermal
consolidation in saturated soil[J]. Acta Mechanica Sinica,
2004, 36(4): 427 - 433. (in Chinese))

[10] EBgA, R B, FEARIEIEN TR Z LA BTk 45
BRI RS BINED]. J1%244, 2017, 49(2): 324 - 334,
(WANG Lu-jun, AI 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))

(111 B WK, KW, ik, 55 WAL 2
s R E 2500 (7], B TR, 2015, 37(1):
67 - 74. (BAI Bing, ZHANG Peng-yuan, YAN Yu-long, et al.
Consolidation tests on saturated soils subjected to thermal
loading on inner and outer surfaces of hollow cylindrical

specimens[J]. Chinese Journal of Geotechnical Engineering,

2015, 37(1): 67 - 74. (in Chinese))

(121 & ¥k, BBk, ¥ . 2HTHR AR SR AR ML
B R BB R FE[T]. 5 0%, 2016, 37(1): 25 - 32.
(BAI Bing, ZHAO Xiao-long, XU Tao. An experimental
study of thermal response of saturated red clay subjected to
progressively heating and cooling processes[J]. Rock and
Soil Mechanics ,2016, 37(1): 25 - 32. (in Chinese))

(13] Wi, 75 Ak, B—W, 55 MR LA K BT O] A
IR ). & J1%, 2011, 32(9): 2561 - 2569. (YAO
Yang-ping, WAN Zheng, YANG Yi-fan, et al. Thermal
failure for saturated clay under undrained condition[J]. Rock
and Soil Mechanics, 2011, 32(9): 2561 - 2569. (in Chinese))

[(14] A vK. E8B) R N M. Je st o E S Tk
Hi i #t, 2016: 56 - 86. (BAI Bing. Soil dynamic and
application[M]. Beijing: China Architecture & Building Press,
2016: 58 - 86. (in Chinese))

[15] 25715, M55 /2 0M]. 2 B JE50: 56 A2 R,
2016: 58 - 75. (LI Guang-xin. Advanced soil mechanics[M].
2nd ed. Beijing: Tsinghua University Press, 2016: 58 - 75.
(in Chinese))

[16] SELIG E T. Soil parameters for design of buried pipelines
[M]. New York: American Society of Civil Engineers, 2015:
99 - 116.

[17] BURLON S, MROUEH H, CAO J P. ‘Skipped cycles’
method for studying cyclic loading and soil-structure
interface[J]. Computers and Geotechnics, 2014, 61: 209 -
220.

[18] RUTQVIST J, BORGESSON J, CHUIMATSU M, et al.
Thermohydromechanics of partially saturated geological
media: governing equations and formulation of four finite
element models[J]. International Journal of Rock Mechanics
& Mining Sciences, 2001, 38: 105 - 127.

[19] WANG Xue-rui, SHAO Hua, HESSER J, et al. Numerical
analysis of thermal impact on hydro-mechanical properties of
clay[J]. Journal of Rock Mechanics and Geotechnical
Engineering, 2014, 6: 405 - 417.

[20] BAI B, RAO D Y, XU T, et al. SPH-FDM boundary for the
analysis of thermal process in homogeneous media with a
discontinuous interface[J]. International Journal of Heat and
Mass Transfer, 2018, 117: 517 - 526.

[21] &, A VK HREES 2 LA B 7K R
52 M 7). A+ TRE 224k, 2018, 40(6): 1021 - 1028.
(GUO Zhi-guang, BAI Bing. Effect of saturation on thermo-
hydro-mechanical coupled responses in porous media[J].
Chinese Journal of Geotechnical Engineering, 2018, 40(6):
1021 - 1028. (in Chinese))



