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Temp. (°C) T, (mN/m)
-8 77
-5 76.4
0 75.6
5 74.9
10 74.22
15 73.49
18 73.05
20 72.75
25 71.79
30 71.18
40 69.56
50 67.91
60 66.18
70 64.4
80 62.6
100 58.9
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Void Ratio e = 0.91 Void Ratio e = 0.34
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90° #

Cubic form Orthorhombic Rhombohedral

Cubic form:  (8R3 - 4/3 pi R3%)/8R3 =0.48
Orthorhombic: (6.93 R3 — 4/3 pi R?)/6.9R3= 0.40
Rhombohedral:  (5.66 R3® — 4/3 pi R3%)/5.66R3= 0.26
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Unsaturated soil

Kumar & Malik 1990:

h, =h, +134.84—5.163/r h.,h, Cm

r Micrometer
Cappilary fringe (s ,MulS" o5 g CL&:) h,

j=_¢ sz\)j)bwb\jL;)MﬁKQSf-g;&ﬂ

A plsl e s plal ST s (SSsods Sl o S5
das o bl Glplsr 8723 5

Dr. Hasan Ghasemzadeh 21

> o sy e

e :J_Qw& 03 g0 v‘k«"Lﬂ C/").: O &Lﬁj):-“
Foaw <2nm (lsskls slas o .
Fee (3 b V) O sl VQJ.J;
1000nm (€ o srledis S
Fear < A s Y (5,0 s
Fye = Fpaw + Fear + Fee
(é;ﬁkfig)jnb,w ..)“’"’5 éuj}:‘;

3
| v

Fe <3nm Born’s and steric repulsion

Lpd Sunpan 4 iy gd 5l Al i bagsl i b (51 51 50 asbls (g5,

S

el B gd gla g o odlS S 50 e
el O 82 (SR [EagliS S~

Dr. Hasan Ghasemzadeh 22

K.N. Toosi University of technology

4/20/2020

11



Unsaturated soil 4/20/2020

t\.,;l A 50 A Cas OH3 u S5 O s

106 =
E F
[ / \
100 F v capiilary
F " y attraction
3 i v
S 10 E ]
% : ! ‘- cementation
§ 108 k- ! \ aftraction
EE N ___\____/
L] 2 [ \\' \
g 102 |- . .
a 101 [ ,' \\\\ \
% E Y double-ayer
T 100L !  vanderWaals = repulsion
F ¢+ attraction \ -
g -
107 -, \~ ~——
g ~. -~
102 1 1 L L T~ e 1 L

0 10 20 30 40 S0 60 70 80 90 100
Degree of Saturation, S (%)

MlS 0 sporlilaas ¢l 5,05 sla

S 9 3
Ccoor J 7S Y

Dr. Hasan Ghasemzadeh 23

O3 0l 4 Cand D1 e S5 Ol s

100 p .
N clay silt sand
1w E N < < ’ | ?
\\
F o104} ~
= ‘. cementation
g 103 ) ~ ~ attraction
ﬁ — i —— —_ e e = = == = =
" -~
s 1 ~
= N
8 101 N capillary
2 double-iayer ~ «, altraction
£ repulsion .
100
107
102
103 102 107 100 101 102 103 104 105

Particie Slze (um)

Ll o Jals Slp3 alul ful Bl b l)s oy 2

Dr. Hasan Ghasemzadeh 24

K.N. Toosi University of technology 12



Unsaturated soil
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Unsaturated soil

o Glacial till: Vanapalli et al.-1996
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