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Soil type Description »?
Clay Soft 0.35-0.40
Medium 0.30-0.35
Stiff 0.20-0.30
Sand Loose 0.15-0.25
Medium 0.25-0.30
Dense 0.25-0.35
*These values are effective values, v'.
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Shear stress, 7, Initial tangent shear medulus, G;
Tangent shear modulus, G,

Secant shear modulus, G

Shear strain, y.,
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T,, = -300 kPa

41. | o, = 2100 kPa

2
0'1:%(0'X+0'y)+ Tfy+[%(ox—0'y)} :%(2100+3ooo)+\/3002{5(2100—3000)}

2

o, =3091kPa
1 1 Ly 1 :

o, = E(cx +0,)= [ +[E(ox —ay):| =5 (2100+ 3000)—\/300z +[E(2100—3000)}

o, =2009kPa

Toex = %(a1 -0,)= %(3091— 2009) = 541 psf
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1) Establish angle e from a reference plane (e.g,. horizontal).

2) Locate reference plane in Mohr’s circle (center of circle to stress on ref plane)
3) Measure 2a from ref plane in same direction (CW or CCW)

4) This intersects circle at state of stress on angled plane

Reference

Analytical solution: Plane

T, = %(o‘1 —o,)sin(2a)

o, = %(o‘1 +o'3)+%(o'1 —0'3)003(201)
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o, =2.5kPa(C)

Analytical solution:

G5 =0.5kPa (C)
- L (04 T,) = (1.5, 1 kPa)

7, = %(01 —o,)sin(2a)

1 (kPa)
o

1 . 1
7, =(25-05)sin(90)=1kPa /]

o, =%(O’1 +63)+%(0'1 70_3)005(2‘2) 3 Reference Pldne
1 1 -4

0, ==(25+05)+=(2.5-0.5)cos(90)=1.5kPa
2 2
o (kPa)
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Saturation states

. Residual state

S,<0.1
Liquid phase is discontinuous,
air phase is continuous
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P o
When the soil pores are filled by more than one fluid, e.g. water and air,
the porous material is termed unsaturated with respect to the wetting
fluid:

Saturated Unsaturated

The matric suction s is defined as:| § = (ua = uw)

e .
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P90
The water retention curve plots the evolution of the degree of saturation,
S,, as a function of the matric suction.

S|

1 2 3 4
1 ; :
Hydric
i hysteresis
Sr(res) """"" """
: ; — * Sires) ‘Residual
Se Lns degree of saturation
.
Funicular Pendular - 5, : Air entry suction,

below which S, =1
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(Bishop et al., 1960) b cusl jul s 5550 Jinis gludl pui S sl ¥

o' =0 —u, + x(u, — u)

0.9 —
08 // . .
07 // u, is the pore air pressure
0.6

yd i is the porewater pressure

03 x = 0; for saturated soil, x = 1
0.2
0.1

0 20 40 60 80 100
Degree of saturation (%)

X for Silt soils
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Total stress, o 0l‘ore water pressure, u 0 Effective stress, o'
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Valve (closed) H, + H, »>— o
= Hyy,+ Hyyg —> > (H +Hy, |«

Y \J Y

o' =[Hy, + (Hy— H)Ya] = HpYw Depth Depth Depth

=(Ha~ H)Ysu — V)
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where T = surface tension (force/length)
a = angle of contact
‘ d = diameter of capillary tube
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