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Unsaturated soil
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Different stress variable

Stress variable 1

Stress variable 2

Alonso et al. (1990)

Kohgo eral. (1993a &
1993b)

ligg = equivalent pore
pressure

Cui et al. (1995) o- i, Ug - Uy
Wheeler & Sivakumar (1995)
O - Ugt ¥(lg- Uy),
Bolzon et al. (1996) a™ X(lla~ th ta -ty
r=5S
Modaressi & Abou-Bekr T - T _
e
(1994a & 1994b) 7. = capillary pressure
O - leg, Ug- Uy~ Se

Sg = air enfiy suction
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Unsaturated soil
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Unsaturated soil
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Unsaturated soil
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Unsaturated soil
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Unsaturated soil
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K =K(n,6,T)
K =K, (Nk, (0)

Sy si

Material

Coarse sands

Sands

Most soils
Clay/weathered till
Heavy Clays

Solonetzic soils
Unweathered till to

- compacted clay barriers

1 darcy =10-2m?

kg.m/s or Ns/m’ or Pas

m/s
1.0E-03
1.0E-04
1.0E-05
1.0E-06
1.0E-07
1.0E-08
1.0E-09
1.0E-10
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intrinsic permeability and absolute permeability gl el e Gl (g i3 5a5 Kim(n)
sk K(0)
Table 3. Intrinsic permeahilities and saturated hydranlic condwetivities obtained for 5 soil samples
Soil type Intrinsic permeability (Kie, m?) Saturaied water conductivity (k. m/s)
[fas v EXpeTimenis) {water flow C‘tp‘:'liﬂ'lt‘ﬂl.'il
Average ad. Average wd
Coarse sand 103 = 10" % 138w 107 9%,
Stockion sand T4 = 0" 1% 506 1077 6%
Silica Liz= " 1% 303 s 10 10%
Dark mineral sand 1.40 = 10" 9% 160 10 6%
Ballotini 635 = 012 61% 665 5 10 F 1%
1 darcy =10-12m?2 Dr. Hasan Ghasemzadeh 31
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va = Kim(n)km(e)/,u
Pl S s OT s K,
ST s sniis K (0)
s e s s 4558 K(N)

NS/m* o=

d
K =K -10" S _Sru /uw(Tr) @505 8l
oo 1-S ()
ru ﬂW
14, =0.06612(T —229) Kaye and Laby (1973)
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Référence Perméabalité a I’eau Les paramétres
Irmay 1954 o Sru, d=3
K, =Kwﬂ[ S: = Sa ]
-5,
Corey 1957 s -5 \¢ Sru, d=4
K =K l Zr Tm
TR -sa]
Gardner 1958 Koo ab
K, = =
E+a|(p, -B)/p, |
Scott 1963 K, =K_[-n(1-s)]
Richards et Chan1969 D A B C D E mn
K, =E+ — =
A+B(P, -P,)" +C(P, -P,)
Kovacs 1981 5 -8 V¢ S, d=3,5
& -kl 157
Gens et al 1997 { 3 ((1—n P no
K = Ko K_(8,) n _ ] (1 ”so]
My \(1-n)" A n,
Gatmun 1997 ‘- w“fsr_sm ]" '”“(T’)l a, S, d
w wi-
\=SL)) L, ()
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Tension head, w(8) (cm)

-1

e

-10*

~1P F

s (Sl 5
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104

3

Hydraulic conductivity, K,(0) (cm/d)

W
Ty 0.2

Figure 7.15 Typical forms

104 of hydraulic relations yw(0)-0

and K),(0)-0 for unsaturated

5 o1 02 03 04 05 s_oils. For this soil, porosity ¢
Water content, § =l

s Sy s
6, =Ky[1+cy(6)/dz]
Porosity Satura{d value Y=e (9/¢)b
N ." »
Soil Texture b Ky (ems™)  lyr,] (cm) b

Sand 0395 (0.056) 176 x 107 12.1(14.3)  4.05(1.78)
Loamy sand 0410 (0.068)  1.56 x 1072 9.0(124)  4.38(1.47)
Sandy loam 0.435 (0.086) 347 x 10°  21.8(31 ) 490 (1.75)
Silt loam 0485 (0.059) 720x 107"  78.6(51.2) 5.30 (1.96)
Loam 0451 (0.078) 695 x 107" 47.8(51.2) 5.39 (1.87)
Sandy clay loam  0.420(0.059) 630 x 107*  29.9(37.8) 7.12(2.43)
Silty clay loam 0477 (0.057) 1.70x 10°*  35.6(37.8) 7.75(2.77)
Clay loam 0476 (0.053) 245 x107*  63.0(51.0) 8.52 (3.44)
Sandy clay 0426 (0.057) 217x10°* 153 (17.3) 104 (1.64)
Silty clay 0.492 (0.064)  1.03 % 107 49.0(62.1) 104 (4.45)
Clay 0.482(0.050) 128 x 107 40.5(39.7) 114 (3.70)
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Unsaturated soil

. = . ..
S8 Rlros sl

Kg = Kim(n)krg (eg)//ug

s e Slan 358 K ()

"é . e,
38 g 03 el S pyd 5k

NS/Mm? —srcei My

44, =0.06612(T —229) 15

Ks(0)

Dr. Hasan Ghasemzadeh 37
. . szi 4-.{ 3 .
Introduction to Relative Permeability
1.0 1.0
c c
g S
§ 0.8 § 0.8
[T L
z 5
06~ =06~
g Oil g oil Wat
£ IS ater
504 S04l '
o o
(] (]
= =
T 0.2 502+
& Water 4
0 l ] | 0 1 | | ]
0 20 40 60 80 100 0 20 40 60 80 100
Water Saturation (% PV) Water Saturation (% PV)
Strongly Water-Wet Rock Strongly Oil-Wet Rock
Dr. Hasan Ghasemzadeh 38

4/20/2020

19



K,N, Toosi University of Technology

Unsaturated soil
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Soil suction (kPa)

The relationship between volumetric strains and the increase in soil suction
(after Chen et al. (1999))
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Surcharge Pressure: TkPa
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1 1 i 1 L
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Relationship between suction and swelling (after Chu & Mou (1973))
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Unsaturated soil
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Influence of suction on parameters x and 4 (after Rampino et a/. (2000))
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Unsaturated soil

o 3 S glio

ELb e S (2 1 Cooglito dpmlone (gl ou 4311 Ll

(Bishop 1959) == 7 =[C'+(0, ~U,) tan¢']+[ 7 (U, —U,, ) tan ¢']
-0.55
(Khalili & Khabbaz 1998) — F{w}
(ua -u, )h
(Fredlund et.al 1978) == 7 =[c'+ (0, ~u,) tan¢']+[ U, ~u, ) tan ¢’ |

(Vanapalli ct. al 1996) == 7 =[c'+(c, ~u,)tan$]+ (U, -u, )| (0")(tan ") |

(Vanapalli et. al 1996) | === r=c'+(c, fua>tan¢'+(ua*Uw[(tan?")[gj H

(Oberg & Sallfors 1997) m=) 7, =C'+(0-S,u, —(1-S,)u,)tang’
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Relationship between Bishop parameter y and Fredlund ¢*
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Unsaturated soil

o 3 S glio
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Unsaturated soil

Shear sirength, kPa
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G, =Af(e)p”

Shear modulus

p’:pn+ZW p,=p-Uu,

G,.. =Af(e)p, — By

Hardin and Black 1968

Mancuso et al.2002

pr A p K K' , N
cO e pn p
G,.. = AP, exp —exp(b[Se —S.1) | | —
2/ _ /
n K p Pa
S = Sr B Sr,res
*1-S
r,res
Khosravi and McCartney 2012
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Unsaturated soil

Sl Wty

Constitutive Relations for
Saturated/Unsaturated Soil Mechanics

Fundamentals of Soil
Mechanics in One Diagram

Seepage
v =k,(-u,) dh/dy

Shear Volume

strength change
r=¢’ + (g, - u,) tan ¢’ de=a,dc-u,)+
+(Uy—uy) tan g° a,du,-u,)

‘r=¢'+ (g, - U,) tan ¢’ de=a,d(c-u,)

Saturated
Soil

v =k, dh/dy
where; h=u/y, +Y

-—T, Unsaturated Soil Technology
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