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Example 10.6 A consolidation-drained triaxial test was condudcted on a normally consolidated
clay yielding the following data: 63 = 250 kN/mZ: 6 4= 275 kN/m? Determine

(i) The angle of friction *

(i) Angle which the fallure plane makes with the major principal plane, and

(iii) Normal stress and shear stress on the failure plane. :

(iv) Normal stress on the plane of Tqy

Solution:
We know that, when a drained triaxial test (C-D) is conducted on a normally conducted clay, it behave

like sand, with no cohesion. Hence, ¢ = 0. |
and 6, = Gy + Oy=250 +275 =525 kN/m?

(i) Using,
or,

or,

(i) Angle made b

(iii) Normal stress_@;n'ttjg fg}lufg Q[gne is gi!gn by the

g | = 3875~ 48.78 = 338.72 kN/m?
b : and, shear stress on the fallure plane is given by,

6, -0y . o, 525-250 e ,
1 5 25in2Bg = ——5—— sin@x 54.30°) = 128.54 kN/m?

=

(iv) Normal stress on the plane of T 4

L +0, 526+260 ., .
e LB skt

1Y
’ .

B Exampl.e;‘I»OJ " A CUtest was conducted ona s0il s‘amp e with cell pressure, o, = 166kN/m?. _
The deviator stress at failure was observed to be 60 kN/m?. The sol is known to have a cohesion ¢’ =0
« - andthe angle of shearing resistance ¢’ = 30° (referred to effective stress) and an undrained cohesion

. ¢,=0andangleof shearing resistance ¢, = 13.3° (referred to totai‘stress). What was the pore water

st

-

B A

- pressure at failure: o . o

--

e e e
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Solution: i
Given: Cell pressure, 6, = 6, = 100 kN/m? ”
deviator stress, 6, = 60 kN/m?
Major principal stress at failure is given by, »

= 05+ 0,= 100 + 60 = 160 kN/m?
Let pore water pressure at fallure be u
Thus, effective stresses,

O3 = 0,-U=100-u
and _ G =0,~-4=160-u
We know that, '

Gy~ G

sing, = 0,0, (total parameter)

Similarly,

rxale10. |
clay are: ¢’ = 20 kN/m?,

Solut:on.'

Given: KN)
oa-o1 03-100kN/m2”“ R o
0, = 6= 180 kN/m? S ' S
6, = Gy + G, = 180 + 100 = 280 kN/m?

Using, . &, = oytan? (45+%')+20tan(45+%’) |

(6, —u) = (05 —u)tan? (45 + %) + 20tan(45+ 92—)

(2804 u) = (180 ;u)tanz (45 +2—28) +2x20x% tan(45%278)

(280 - u) = (180 - ) x 2.769 + 66.571

280-.u = 498.42-2.769 U + 66.571.

1.769u=285" - T
U = 161.10 kKN/m? B

.mFIDE EESH
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lf sample of this soil was tested in a CUes
(a) deviator stress at failure

(b) pore water pressuré at failure

(c) minor principal effective stress at failure
(d) major principal effective stress at failure
(e) the magnitude of A,

Solution:
(@) Since:

!
&
kw’ .

¢

The results obtained from a series of CU tests on a soil gave the following

=c =0

¢ W=17° and¢'y,= 34°
t under a cell pressure of 180 kN/m2, Determine

Using,

or,

Using,

(328.75-u) = (180 —U) X 3.537
: 2.537u = 307.93
= 121.37 kN/m?

“{c) Minor pnncnpal effectwestress at failure, R -
' Gy = Oy U= 180~ 12137 = 58.63 kN/m2
@ Major principal effective stress at failure,
Gy = Ogf +Oas _
- » (s —Oar) + Oaf _. .
o o= [(c1f—u)—'(03—u_)]fr63'f, R

_— ; (G1f 03)+03f SR
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. ! *
= G, +0y = 148.75 + 58.63 ~
= 207.38 KN/m?
U 121.37 ?
© Ar= lo,-o5),  148.75 = 0815
¥

“Unconfined Compression Test:
[ ]

It is a special case of triaxial test in wh|ch confining pressure is zero. it means  (g,)= (o)
only deviator or shear stress is applied. _ : H 1 l l 1
Since the specimen is laterally unconfined, the test is known as unconfined |
compression test. .

The axial or vertical compresswe stress ns the major r|nC|pal stress and the
other two prin
Sincethereist
rubber memb
position. Hen
Thistestcanng
If axial force a

il

Fig. 10.23

The axial stre
63=0,=0,h

ssive_strength since confining pressure

Let'q, bethe

o

R
Lol
4

[03 =0]

or g, = 2ctan (45+%)

For frictionless soils i.e. for clays (¢ = 0)

e g, = 2ctan45°

Hence shear strength for clays,

S= cvotand
c+0 [4=0]

U
_ % ',
- % l
In this test, oy = 0 and (o), = (od) Therefore, there is a
unique Mohr circle which passes through origin.
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»

Some time it is not possible to determine pore pressure practicatty, then theoretical approach given
by skempton can be adopted.

Pore pressure parameters Aand Bare empirical coefficients which are used to express the response
of pore pressure to changes in vertical Pressure and lateral pressure under “undrain conditions”.

_These parameters are very useful in field problems where pore pressure that are induced consequent

to change in total stress may have t8 be computed, for e.g. in case of construction of earth
embankment over a soft clay deposit, '

Parameter B:

Paraméter A:

This parameter is defined under cell pressure stage and represents the ratio of change in pore
pressure to the change in cell pressure.

where, Au,

Bis also give

where, nis
C,and C_are
Bvaries from
Bis zero for

This parameterisvaiicin deviator stage
another parareter A , such that

P e )

Theparamete:'A- Orese o iE ngs presSireto

ge in deviator stress during
shear stage.

_ Auy _ Ay

A= Aoy Ao, -0;) Ao, - Ag,
where Au, = Change in pore pressure due to change in deviator stress.
The parameter A depends upon strain in soil, degree of saturation, over consolidation ratio, stratification
of soil etc. Its value may be as low as -0.5 for over consoilidated soil with high O.C.R to as high as
3 or loose saturated sand. ' : |
During loading, cell pressure and deviator stress both changes. Therefore total change in pore
pressure will be o B ¢ S

Au = Auc+ Aud

e =Bv-_Ac;3+Zond
o =B- Aoy + ABAc,, | ,
=B-Ac,+ AB(Ac, - Ac;) .
.+ Ao, = change in major principal s'tress_' .

o Ao, éhangeinminorprincipalstre_ss_“

+ ., MRDE EASY -
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An embankment 5 mhigh is made up of soil whose effective stress parameters
are ¢ = 50 kN/m?¢ and ¢’ = 16° and‘y‘= 16.2 kN/m3. The pore pressuré parameters as found from triaxial

tests are A= 0.4 and B = 0.49. Find the shear strength of the soil at the base of the embankment just
#5510 8 m. Assurt e pressure during the

t the lateG ne half of the vertical

after the soil has beenr
stage of construction is i
pressure. :

139

Solution:
In-Situ
Change in pore pr

Final pore pressu

= 8x 16-16.464
= 111.536 kN/m?
S = 50 +111.536 tan16°
= 81.98kNIM? s
“Stress Path
! ¢ Progressive change in the state of a particular load 'applica_tion can be represéhted by a series of
Mohr circle. + - -

several complete stress circles can appear cluttered. ltis convenient to plot only two point of maximum
_shear stress, and if needed the complete circle can be reconstructed using such a point.

e Thus; the_lécus of points on the Mohr diagram whose. coordinates r_epr.e_sgnt the maximum shear
stress and associated stress for the entire stress history is definéd as stress path. I

o The figure represents successive states as 04 i€increased with o, constant. Such a diagram Wi_th

MADE EASY
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Stress path E
0 Kl
g
J
& _
2 A o
7] .
Principal
stress
Fig. 10.26 Stress paths Fig. 10.27 Stress path
*  For given prin 6s o, andvcs,the o fress path are
The stress p above.
* Astress path onditions.
Liquefaction of s o o
* Inloose satu as soil molecules comes
closer. Hence is es suddenly. Hence this
condition wh dergo continues tconstant Iow residual éffective stress or .
with-zero eff as
¢ Liquefaction ore water pressure.
* When soil failg : K.
® Increasein pore water pressure results in reductron in shear strength Complete transfer of mtergranular
stress from s e Q¥E=SS COraplate : ke thig:case, the effectlve stress
reducedto al erb

¢ Clays with an rmtral‘flocculatedv} structure"n%y‘%
- However, with passage of time, the clay may gain the original strength due to thixotropy.
° " Thrxotropy is defined as an isothermal, reversible, time- dependent process which occurs under

constant composition and volume. This phenomenon is attributed to a process of softening caused
by remoulding followed by a time-dependent regain of the ongrnal hard state.

Thlxotr0pyofclaysw_‘__ - S B § 5: == o
Egﬁ‘ﬁﬁg&% Tor%turbance or remoulding.

Undlsturbed strength

Shear strength
g
-

Re—moulding

Re-mouldin
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‘Re-moulded strength

* = = T B N T e

‘ Fig.i0.28 Thixotropy of a material- _
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