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ABSTRACT

In this study, a theoretical analysis of consolidation behaviors for an elastic porous
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medium containing two immiscible, compressible, viscous fluids is presented based on
the theory of poroelasticity and the linear stress-strain relationship. Using Laplace
transformation, we derive the analytical solution of the excess pore pressure of the
wetting and nonwetting fluids as well as soil settlement for different drained and
undrained boundaries under a constant external load. To quantitatively investigate the
consolidation process of an unsaturated porous medium, a numerical study was carried
out to determine the dimensionless pore water pressure and soil settlement for sand, silt
loam and clay whose pore space is simultaneously occupied by air and water as illustrative
examples. Then, the effect of fluid saturation, boundary condition, and soil texture on
the dimensionless pore water pressure and soil settlement was also examined.

Our numerical results show that the dimensionless pore water pressure dissipates faster
as water saturation is lower, in which soil settlement also tends to achieve stable faster. In
addition, it is also revealed that sand was the fastest to respond to the external load, followed
by silt loam and clay. Lastly, soil settlement is found to be greatest in clay, followed by

silt loam and sand, which is mainly dominated by the bulk modulus of solid matrix.

Keywords: Poroelasticity theory, Constant loading, Consolidation, Total settlement,

Bulk modulus of solid matrix.
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8 2 (Silt loam) 16.2x10° 5.5%10° 1.925x103 0.501 1.966 1.234
£k £ (Clay) 4.5x10° 2.4x10° 1.699x10™ 0.475 1.168 1.165
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(c) Sand-Case 3,t, = 1 min.
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Distance from the bottom (m) Distance from the bottom (m) Distance from the bottom (m)

Distance from the bottom (m)

(a) Silt Loam-Case 1, t; = 10 sec. T e (c) Silt Loam-Case 3, t; = 10 sec.
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5 HBIETERNIRKEBRELRE B (Time = 10 second, Case 1~Case 3)

(a) Silt Loam-Case 1, t, =1 min.

(b) Silt Loam-Case 2, t; =1 min.

(c) Silt Loam-Case 3, t; = | min.
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(a) Silt Loam-Case 1, t3=1 hr. (b) Silt Loam-Case 2, t; =1 hr.
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7 HBEIETERRIBKEBERERB(Time = 1 hour, Case 1~Case 3)

(a) Silt Loam-Case 1, t4 = 1 day (b) Silt Loam-Case 2, ty = 1 day

(c) Silt Loam-Case 3, t4 = 1 day
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(a) Clay-Case 1, t; = 10 sec.
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(a) Clay-Case 1, t3 =1 hr.
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(a) Clay-Case 1, t4 = 1 day

g
g
0.8 jé'
0.6 £
=
04 O S,=07] &
0.2 + $,=0.8 §
* $,=09 g
0 35 BN A
02 0 02 04 06 08 1
p2/p
12

0.8
0.6
0.4
0.2

0

02 0

1
0.8
0.6
0.4
0.2

0

02 0

—_

0.8
0.6
0.4
0.2

0

0.8
0.6
0.4
0.2

0 *
02 0

02 0

(b) Clay-Case 2, t4 = 1 day

(b) Clay-Case 2, t; = 10 sec.

- (c) Clay-Case 3, t; = 10 sec.
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(b) Clay-Case 2, t; = 1 min. (c) Clay-Case 3, t; = 1 min.
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(b) Clay-Case 2, t3 =1 hr. (c) Clay-Case 3, t3 =1 hr.
b =N

0.8
0.6
0.4
0.2

Distance from the bottom (m)

0

02 0 02 04 06 08 1

pa2/p*

02 04 06 08 1
p2/p*

T o MEANI RN ERELRE B (Time = 1 hour, Case 1~Case 3)

(c) Clay-Case 3, t4 = 1 day
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(c) Sand-Case 3
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