SHEAR STRENGTH OF SOIL
CHAPTER 12



Triaxial Shear Test

The most reliable method now available for determination of shear strength
parameters.

Entire books have been written on triaxial test .

The test is used to measure the shear strength of a soil under controlled drainage
conditions. NS ¥
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Triaxial Shear Test

O The test is called “triaxial” because the three principle
stresses are assumed to be known and controlled.

O The triaxial test is much more complicated than the direct
shear but also much more versatile.

O The failure plane can occur anywhere and we can control
the stress paths to failure reasonably well, which means
that complex stress paths in the field can more effectively
be modeled in the laboratory with the triaxial test.



Principles of Triaxial Test

* To simulate field conditions, soil samples is subjected to the following stages:
1. Saturation of sample (Check of B value)

2. Applying confining (cell) pressure (o;) is applied on the soil sample. The confining
pressure is within the range of that subjected in the field.

3. Apply an increasing vertical stress (Ac = G,- G;) -termed the deviator stress- until
failure.
4. The specimen is free to fail on any weak plane or, as sometimes occurs, to simply

BULGE.
Ac
G3 Deviator Principle
- Stress, Ac or Ao,
3 = Confining pressure = 6,-0

= Cell pressure

= All-around pressure G
G3 3

T i 4



Triaxial Shear Test Device
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Connections for drainage or pore pressure measurement

pedesta

I = water B Porous disc Specimen enclosed in a rubber membrane

Two ways for appying axial load
1. Application of dead weights or hydraulic pressure in equal increments until the
specimen fails.

2. Application of axial deformation at a constant rate by means of a geared or
hydraulic loading press. This is a strain-controlled test. >




Specimen Preparation (undisturbed sample)

i £ 11 i

Edges of the sample

are carefully trimmed Sample is covered with a

rubber membrane and sealed

e
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Setting up the sample Cell is completely 6

in the triaxial cell filled with water



Apparatus Assembly

Proving ring to
measure the
deviator load

Dial gauge to
measure vertical
displacement
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Types of Triaxial Test

o Many variations of test procedure are possible with the triaxial
apparatus but the three principal types of test are as follows:

Confining Pressure Shearing

« Consolidated o Drained (CD) Test

« Consolidated o Undrained (CU)Test
« Unconsolidated o Undrained (UU) Test

o Depends on whether drainage is allowed or not during the confining or
shearing stage.

o The different types of triaxial test are commonly designated by a two-
letter symbol. The first letter refers to what happens BEFORE SHEAR that
is whether the specimen is consolidated or not. The second letter refers
to the drainage conditions during SHEAR, CD, CU, UU.



Types of Triaxial Test
L

Drainage Drainage Pore water Total Type of test

during during pressure or
confinement shear build up? Effective | “duration”

Cch Open Open No Effective Slow
if the test is for clay
slow S- test
CuU Open Closed Yes Total
Effective if
p.w.p is
measured
Uu Closed Closed Yes Total Fast

Q-test



Types of Triaxial Test
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Types of Triaxial Test

Step 1 Step 2

' ? .
Is the drainage valve open’ Is the drainage valve open?

M M

Consolidated Unconsolidated Drained Undrained
sample samp loading loading

CD test UU test

CU test



l. Consolidated Drained Test (CD Test)

% No excess pore pressure throughout the test

+Very slow shearing to avoid build-up of pore pressure -

hence thi§l§t\is termed the S-test (for "slow” test)
Can be days! ]

% Gives C’ and ¢’

% Note that at all the times during CD test, the pore
water pressure is essentially zero.

D

Use C’ and ¢’ for analysing fully drained Situations
(i.e. long term stability, very slow loading)
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Stress conditions for the consolidated drained test

Step 1: At the end of consolidation

o, 6'3=0;
0 - G’3 =03
Step 2: During axial stress increase
6.+ Ac c’y=03+tAc =0,
63 | —_ )
) I 0 R (e) h — 63 -0 3
Drainag
Step 3: At failure
G5+ Ac; G'\; =03+ Ac; =0’y
(o} _
: — 3 0 e— O'hi =03~ 03
Drainage : 13




Stress-strain relationship during shearing (CD Test)

Volume change of the

sample

Deviator stress, Ds

Expansion

Compression

Dense sand or OC

/ clay

1 \ Loose sand or NC

(Dsy) Clay
I

¥

Axial strain

v

Dense sand or OC
clay

o
>

Axial strain

/ Loose sand or NC
clay
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Consolidated Drained Test (CD Test)

Shear stress, T Deviator stress, Ao,

o

o

3

(Ao y):. Several tests on similar samples
can be performed by varying
the confining pressure. Then o,
and o, at failure for each test

Confining stress = 63, are used to construct Mohr’s
Circle. From that M-C failure
envelope can be obtained.

o1 =03 + (Aoy);

00 1

/‘—0'3

Sinceu=0in CD tests,c=¢’
Therefore, c=¢’and ¢ = ¢’
¢y and ¢, are used to denote them

Confining stress = o3,

Confining stress = o3,

Mohr — Coulomb
failure envelope

......-..-.&
@D

D (Ao-d)fa nd 15




Can you think about Direct shear and Triaxial Test w.r.t. analysis of results

}

I 5, and o, for each test
T . 3 = o, +
= | from that we plot Mohr 6, = 03+ (Acy);
A I circle and then we plot 1
%5 I tangentto the circles (if is
o Normal stress = ¢ I assumed =0) only we
o 3 | need one circle)
. <+ O3
© Normal stress = o, l
%) 1! I t (A
T 1 g Aoy o
le2 Normal stress = o, | 4 Confining stress = G5,
1 1 W
Tf3| Uil [ D .
(AR | o | 5 N Confining stress = oy,
Shear displacement I = IJ/N
" Here we have o, and t I3 I Confining stress = o3,
| for each test and we plot 1 3 (Aog)s \G,))
s | the M-C. If we need ] O . : d/fa
5 princip_al stress_ we plot [ ‘V \ 2 —
T Mohr circle which goes I . Axial strain
*= | the point on the M-Cf 1 &
@ | the concerned tesy/ —— Mohr — i §
” Coulomb =
0 . l n
o failure =
2 envelope 1§
= 1'%
Q I
N
n 1
B |

Normal stress, o



Example 12.3

I Example 12.3 I
A consolidated-drained trinxial test was conducted on a normally consolidated
clay. The results are

o = 140 kMN/m®
{.ﬂn.}f- 1 kM/m?
Delermine:
a. Angle of friction_ &'
b. Angle @ thal the failure plane makes with the major principal plane

Solution
For normally consolidated soil, the failure envelope equation is
n=o lang’ (because o = 0)
For the triaxial test, the effective major and minor principal stresses al failure are
ey =, = ery o+ (A, = 140 + 104 = 244 EN/m*

and
vy =, = 140 kN/m* F“.'. 12.2%
Pari a
The Mohr's circle and the filure envelope are shown in Figure 12.26. From Part b
Eqg.(12.21), From Eq. (12.4),
Sing - _ -0 &’ 17 46"

o] e 244+ 104 ﬂ-ﬁ+?-lT+T-ﬂJ‘?

ar
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Example 12.4
S

I Example 12.4 I

Refer o Examplz 123,

s Find the mormal siness o amd Uhe shear stress r on the [aalure plane.
b. Determine the effective normal stress on the ¢ of maximom shear
slress.

Solution
Faria
From Egs. (10.8) and {10.9),

e Tt O el
5l + = cos 2@

o' [om the Eilore planc) =

Substituting the values of o — 244 kKNIn?, o] — 140 kN/o?’, and # — 53.36°

into the preceding equations. we get
n’-m;m+m;mmﬂxﬂ.ﬂ}-ﬂiﬂtﬂhi
and
f,-@ i (2 ¢ 53.73) — 49.50 knvm®
ot b

From Eq. (1.9}, it can be seen that the maximum shear siress will occer on the
plane with 8 = 45°. From Eq. ( 10UR],
ooy w o

o - 3 + 3 cos 2a

Suhstituting @ = 45° inlo the preceding equation gives

_En!l-l;l-ll]_l_‘.!ﬂzmm o = 102 kNam?®

o’




Example 12.5
L

| Example 12.5 |

‘Ihe eguation of the eftective siress talure envelope lor normally consohdated
clayey soil is =, = " Lan 28°. A drained triaxial test was conducted with the
samie sodl af a chamber-conhmng pressure of 1080 KMN/me. Calculake the deviator
stress at failare.

Solution
For normally consolidated chay, ¢ = 0. Thus, from Eqg. (12.8),

r;—nt;lm‘[-lﬁ +%)
& = I

n‘.r—].mtll{ﬁ+%) w 277 kN/m®

S0,
(A= oy =277 100 = 177 kNm?

I ——
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Example 12.6

I Example 12.8 |

The resalts of two drained triaxial tests on a saturated clay follow:

Spectmen I
oy = M KN?
(Aorgdy = 130 ENIm?
Spectmen IT:
o, = 160 ENin?
(Aorgdy = 2235 kN/m?

Determine the shear strength parmeters.
Solution
Refer o Figure 1227 For Specimen [, the principal stresses at failure are
o) =, = Ml ENu?
and
= oy =y + (Al =T + 130 = 20 kN/m?
Simikarly, the principal stresses at failure for Specimen 11 are
oy = oy = 16l kN
and
7 = o = oy + (Ao b= 160 + 2235 = 3835 kNIm?

=
-

R S atnma (NN

™ & o 335
Normal siress, o (ENmT)

. A 2] )
A BT o]

Again. from Eq.(1226),
i ul{ﬁ + %) -7 '“{"5 : %\‘ .
o Z h-(ﬂ+Tﬁ) - 2 h-{“i’*’%) o
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Example 1
L

For a normally consolidated clay specimen, the results of a drained triaxial
test are as follows:

* Chamber-confining pressure = 125 kN/m?

* Deviator stress at failure = 175 kN/m?

Determine the soil friction angle, ¢

Solution

6, = 175+125 = 300 kN/m?

Sin (I), - (01' 03)/(01+ 03)
§ =24.30

Graphical Solution = Check it?

21



Example 2
L

In a consolidated-drained triaxial test on a clay, the specimen failed at a
deviator stress of 124 kN/mZ2. If the effective stress friction angle is known to
be 31°, what was the effective confining pressure at failure?

Solution

Sin 31 = (04~ 05)/(o,+ 03) = 124/Sin 31
(0'1+ 0'3)=240 kN/m2
(0'1' 0'3) =124 kN/m2

Two eqs. Two unknowns 0,=182 kN/m?, c3= 58 kN/m?

We can solve it graphically. We know ¢ so we plot M-C envelope.
(0,-03)/2 equal the radius of Mohr circle

Through trial we plot the circle that touch the M-C.
From that we know o, and o,

22



Graphical Solution
L
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If there is any slight difference from the

analytical solution it is because the grid is Draw a circle with a radius of 62 andsmove
not perfect square it left until toughing the M-C envelope



Example 3

Samples of dry sand are to be tested in a direct shear and a triaxial test. In the
triaxial test the sample fails when the major and minor principal stresses are
450 kN/m? and 150 kN/m?, respectively. What shear strength be expected in the
direct shear test when the normal loading is equal to a stress of 80 kN/m?:

Solution
Sin¢ = (04~ 63)/(c,+ o3) = (450-150)/(450+150) = 0.5
Hence ¢ =30°

oc,tan ¢

80 tan 30 200
46.2 kN/m?2

T
T
T

150

Graphical '
Solution - A

an
D

5

7..{_

100 150 200 250 300 O




Example 4
L

A conventional consolidated-drained (CD) triaxial test is conducted on a
sand. The cell pressure is 100 kN/m?, and the applied axial stress at failure is
200 kN/m?

Required:

a. Plot the Mohr circle for both the initial and failure stress conditions.

b. The friction angle (Assume ¢ =0)

c. The shear stress on the failure plane at failure.

d. The theoretical angle of the failure plane in the specimen.

e. The orientation of the plane of the maximum obliquity

f. The maximum shear stress at failure and the angle of the plane on

which it acts.
g. The available shear strength on the plane of maximum shear and the
factor of safety on this plane.
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Example 4

.Y
op
D

:
I

Get the required from the graph yourself *



Some practical applications of CD analysis for clays

o The limiting drainage conditions modeled in the triaxial test refer to real filed
situations.

o CD conditions are the most critical for the long-term steady seepage case for
embankment dams and the long-term stability of excavations or slopes in both soft
and stiff clays.

EXAMPLES OF CD ANALYSIS

1. Embankment constructed very slowly, in layers, over a soft clay deposit

Soft clay

T =In situ drained shear strength
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Some practical applications of CD analysis for clays

2. Earth dam with steady state seepage

=

T = drained shear strength
of clay core

T = In situ drained shear strength



Note on CD test

CD test simulates the long term condition in the field. Thus, C,
and ¢, should be used to evaluate the long term behavior of
soils.

CD test is called s-test because the stress difference is applied
very slowly to ensure that no p.w.p. develops during the test.

Time to failure ranges from a day to several weeks for fine-
grained soils.

Such a long time leads to practical problems in the laboratory
such as leakage of valves, seals, and the membrane that
surrounds the sample.

Therefore CD triaxial test is uncommon and not a popular in
most soil laboratories.
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