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Soil type Description T
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, T_, Initial tangent shear modulus, G;
Tangent shear modulus, G,

Secant shear modulus, G
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Shear strain, y_,
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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)

0, =0y +0)+ 3 (0,- 03 )cos2a)
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o, =2.5kPa (C)
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6,=05kPa(C) B
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af 90|CC
7, :%(0'1 ~a,)sin(2a) g 0 /
v o

1 . 1
7, =5(25-05)sin(90)=1kPa /]

Rcf rence Plane

o, = %(0‘1 + 0'3)+%(0'1 - 0'3)(:05(20() -3

o, :1(2.5+o.5)+3(2.5—0.5)cos(90):1.5kpa
2 2 o (kPa)
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A soil specimen (100 mm x 100 mm x 100 mm) is subjected to the forces shown in Figure P7.10.
Determine (a) the magnitude of the principal stresses, (b) the orientation of the principal stress
plane to the horizontal, (¢) the maximum shear stress, and (d) the normal and shear stresses on a
plane inclined at 20° clockwise to the horizontal.

8 kN

2 kN
4 kN

O Sizio olSisls
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Counter clock wise shear positive

=)
Area =0.1 x0.1 =0.01 m*. o, = £ =800 kPa. o, =i =400 kPa, t,, = —— =-200 kPa
0.01 0.01 .0

+(=200)" =882.8 kPa
2 2

800 + 400 800 - 400
@), 6, 2——+ || ———

= _800+400 [800—400

9 2

) +(=200)* =317.2 kPa

=200

bty = — =" =044, W=-225°
§82.8 400
©) T =282 _ 587 8 kPa
882.8+317.2 882831722
@ o= B 8: i 8 8’ 172 0s(~40)=816.6 kPa

(&) Tg = Typay Sin 26 = 282.8x sin(—40) = —181.8 kPa
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o' =0 —u, + x(u, — u)
09 —
0.8 / . .
o7 . u, is the pore air pressure
06 // .
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X 05
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H o+ H Y + ¥ (Hy + 2 — i)V
1 [ pa——— e B S
g
J £2 3 I H+ i i i
e ‘I‘I T T ™ [‘I T — &= HiYy + HiYo —> >(H) + Hy = h)Ype  >{HY'+ hyo <
Valve (open) L

Depth Depth Depth
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ELN i LI ol Pho yuid

= o Total stress, o OPme waler pressure, u 0 Effective stress, o’
H H
H, e ] We 40
ENA
| Hyyo + 2 (Hy + 2+ iy, \ov'—izve
I T Hy+z DeX T ! > y
il
l :::’é--'-’.‘ﬁ:ol.'"u— HI+H1 'I I-___‘ 1
TR (= Hive+ Hyyw = >+ Hy+ hyge > 1Hy' = hya<
Valve (open) L J v
Depth Depth Depth
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55 5L OT 2ls 51,5 9 83,5 s9r0 y9S 3 (Sison Sld gl 15 (Giwe) ) S (s GdsS (59w Cile & v
T e 4T gl Salgs Y iwn 25 ST baws 15T
1 h = 2T Cosa
e—— Atmospheric pressure ¢ d }/w
W 'ﬁh,.y,.*
'T e where T' = surface tension (force/length)
P a = angle of contact
ey e e seater surface d = diameter of capillary tube
v l Pressure Y = unit weight of water
= TN 4T
I <7 dv,
===seeaeg ¥ For pure water and clean glass, a = 0. »
Qk?.,"{ \ 1
T = 72 mN/m he o=
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h. = -990(In D, ) - 1540.

C
eD,,

h. =

C(C=3x10"m?~8 x 10> m?)
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Exercise 7.12
Plot the distribution of total stress, effective stress, and porewater pressure with depth for the soil

profile shown in Figure P7.12. Neglect capillary action and pore air pressure.

=0.7,5=0.85

—

FIGURE P7.12
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G_+S . .85(0.
¥ :{g] N ;(wjg_g =19.0KkN/m- Stress (kP)
l+e 1+0.7 ) 0 50 100 150 200
o I\ L 1 n )
1 —g—total stresses
Bottom: £
S=1 .‘E. 2 i \\ ~H—pore water pressure
| [y 2 5 ~ T —effective stresses
o= WG _0BCTD _56-076 TN ~
S M \\ T~
9
G, +S 2.7+0.76 L) Y =
fou =| 228N, 98=193kN/m*
- I+e 1+0.76
Depth o (kPa) u (kPa) c' =(o—u) (kPa)
0 0 0 0
4.5 19 x4.5=285.5 0 85.5
9.5 855+5x193=182 | 5x9.8=49.0 133
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Exercise 7.13

If the groundwater in problem 7.12 were (a) to rise to the surface, (b) to rise 2 m above
the surface, and (c) to rapidly decrease from 2 m above the surface to 1 m below its
present level, determine and plot the distributions of effective and total stress and
porewater pressure with depth.
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a) G.W.L. rises to the surface

v
4.5m S=le, =0Ty, = ( 27+ 0'7)x 9.8 =19.6kN/m’
: 1+0.7
Sm
W = 28%; Yy = 19.3kN/m’
B
Stress (kPa)
Depth (m) o (kPa) u (kPa) o' = o -u (kPa) =
0 0 0 0 SN
£ ",

4.5 19.6x4.5=882 |4.5x9.8=44.1 44.1 ) \
9.5  |882+5x193=1847]9.5%9.8=93.] 91.6 e

O Sizio olSisls
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b) G.W.L. rises 2 m above water surface

v
$ Riseof2m
4.5m Yo = 19.6kN/m*
Sm
Yer = 19.3kN/m’
Stress (kPa)
o 250
Depth (m) o (kPa) u (kPa) o' = o —u (kPa) N
0 2x9.8=196 2%9.8=19.6 0 '
45 88.2+19.6=107.8 | 6.5x9.8=63.7 44.1
9.5  |184.7+19.6=2043]11.5x9.8=112.7 91.6

e i re e o
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¢) G.W.L. decreases from 2m above surface to Im below its original level

4.5m Yot = 19.6kN/m’

v

Decrease of 1m

Yo = 19.3kN/m’

Sm

Total stresses remain same from part (a) the only change is porewater pressures and

effective stresses

Depth (m) | « (kPa) |u (kPa) s’ = 5 —u (kPa) T,
0 0 0 0
45 | 882 0 88.2 ; n R
55 107.5 0 107.5 § R
95 1847 | 39.2 1455 N\
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