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Determination of shear strength parameters of

soils (c, ¢ ori’y \

Laboratory tests on
specimens taken from
representative undisturbed
samples

Most common laboratory tests to
determine the shear strength
parameters are,

1.Direct shear test

2.Unconfined Compressive Strength test
3.Triaxial shear test

Other laboratory tests include,
Direct simple shear test, torsional
ring shear test, plane strain triaxial
test, laboratory vane shear test,
laboratory fall cone test

Field tests

Vane shear test
Torvane
Pocket penetrometer

Fall cone

Pressuremeter

Static cone penetrometer
Standard penetration test




Laboratory tests

Field conditions

A/

A representative
soil sample

GVC

Ohc < GOp¢

GVC

Ope =™ <+ O

T

o, T Ac

Before construction

After and during
construction




Criteria to determine shear strength

Peak deviator stress, Ac
Maximum principal stress, o,
Minimum principal stress, o,
Limiting strain

Critical state

o g A~ W bR

Residual state



Laboratory tests ¥

Simulating field conditions
In the laboratory
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Direct shear test

Schematic diagram of the direct shear apparatus
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Direct shear test

Direct shear test is most suitable for consolidated drained tests
specially on granular soils (e.g.: sand) or stiff clays

Preparation of a sand specimen

Components of the shear box Preparation of a sand specimen




Direct shear test

Preparation of a sand specimen

Pressure plate

Leveling the top surface Specimen preparation
of specimen completed



Direct shear test

Dial gauge to

measure vertical
Shear box displacement

Proving ring
to measure
C2\A ) ~ shear force
\":.‘;E"- N |
Loading frame tof%g Dial gauge to
apply vertical load | measure horizontal
N displacement




Direct shear test

Proving ring
to measure

Pressure plate

Steel ball

Test procedure

Step 1. Apply a vertical load to the specimen and wait for consolidation



Direct shear test

Test procedure P Steel ball

Pressure plate

Porous
plates 2]
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Proving ring %
to measure
shear force &

Step 1. Apply a vertical load to the specimen and wait for consolidation

Step 2: Lower box is subjected to a horizontal displacement at a constant rate



Direct shear test

Analysis of test results

Normal force (P)
Area of cross section of the sample

o = Normal stress =

- — Shear stress — Shear resistance developed at the sliding surface (S)

Area of cross section of the sample

Note: Cross-sectional area of the sample changes with the horizontal

displacement



Direct shear tests on sands

How to determine strength parameters c and ¢
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Direct shear tests
Stress-strain relationship

Change in height
of the sample

Compression

Shear stress, t

Dense sand/

e OC clay
t \ Loose sand/
Ty NC clay

v

Expansion

Shear displacement

/ \ Dense sand/OC Clay

Shear displacement'
/ Loose sand/NC Clay




Direct shear tests on sands

Some important facts on strength parameters c and ¢ of sand

(.

Direct shear tests are
drained and pore water
pressures are

Sand is cohesionless
hencec =0

dissipated, henceu =0 )
W Therefore,

¢=¢andc’=c=0

@A—/ﬂ TRALLS

A GENT[E REMINDER ...



Direct shear tests on clays

In case of clay, horizontal displacement should be applied at a very
slow rate to allow dissipation of pore water pressure (therefore, one
test would take several days to finish)

Failure envelopes for clay from drained direct shear tests

—t
>

- - - Overconsolidated clay (¢’ # 0)

Normally consolidated clay (¢’ = 0)

Shear stress at failure, 1;

Normal force, o



Interface tests on direct shear apparatus

In many foundation design problems and retaining wall problems, it
IS required to determine the angle of internal friction between soil
and the structural material (concrete, steel or wood)

P
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7, =C,+o'tano

c,= adhesion,

o = angle of internal friction




Advantages of direct shear apparatus

0 Due to the smaller thickness of the sample, rapid drainage can
be achieved

1 Can be used to determine interface strength parameters

O Clay samples can be oriented along the plane of weakness or
an identified failure plane

Disadvantaqges of direct shear apparatus

 Failure occurs along a predetermined failure plane
O Area of the sliding surface changes as the test progresses

O Non-uniform distribution of shear stress along the failure surface



Lets 00.50 2 examples



Unconfined Compression Test (UC Test)

G, =0yc t Ac

|

= 3

s

Confining pressure is zero in the UC test



Unconfined Compression Test (UC Test)

G, = Gy + Acf

/ 3= 0 “
C

Shear stress, t

Normal stress, o

Note: Theoritically q, = ¢, , However in the actual case
g, < c,due to premature failure of the sample



Triaxial Shear Test

|

lL!r 1 Piston (to apply deviatoric stress)

7

Failure plane 2 |
- | O-ring

| impervious

membrane
Soil sample Soil
at failure sample Porous
Perspex - stone
cell A N )
' ) — Water

Cell pressure ; it ?E _
Back pressure 7
pedestal volume change

Pore pressure or



Triaxial Shear Test

Specimen preparation (undisturbed sample)

Edges of the sample Setting up the sample
are carefully trimmed in the triaxial cell



Triaxial Shear Test

Specimen preparation (undisturbed sample)

Sample is covered
with a rubber
membrane and sealed

Cell is completely
filled with water



Triaxial Shear Test

Specimen preparation (undisturbed sample)

|

Proving ring to
measure the
deviator load

Dial gauge to
measure vertical
displacement

In some tests

OO

BB 0) $2/9/60



Triaxial Shear Test

s Consists of 3 stages:
1. Saturation

2. Consolidation}
_ Main stages
3. Shearing



Triaxial Shear Test

Test Condition

Stage 1

Stage 2

Unconsolidated
Undrained (UU)

Apply confining pressure ¢ while the drainage
line from the specimen is kept closed (drainage
Is not permitted), then the initial pore water
pressure (U=u,) is not equal to zero

Apply an added stress Ac at axial direction. The
drainage line from the specimen is still kept closed
(drainage is not permitted) (u=u4#0). At failure state
Ac=Acy ; pore water pressure u=ug=u,*uyq,

Consolidated
Undrained (CU)

Apply confining pressure o, while the drainage
line from the specimen is opened (drainage is
permitted), then the initial pore water pressure
(u=u,) is equalto zero

Apply an added stress Ac at axial direction. The
drainage line from the specimen is kept closed
(drainage is not permitted) (u=u4=0). At failure state
Ac=Acy ; pore water pressure U=u=u,*Uqn=Uy

Consolidated Drained
(CD)

Apply confining pressure o5 while the drainage
line from the specimen is opened (drainage is
permitted), then the initial pore water pressure
(u=u,) Iis equal to zero

Apply an added stress Ac at axial direction. The
drainage line from the specimen is opened
(drainage is permitted) so the pore water pressure
(u=uy) is equal to zero. At failure state Ac=Ac; ;
pore water pressure u=u=u,+uyn=0




o, (Ac =Qq)

bl

Types of Triaxial Tests J J J J deviatoric stress
Step 2 S

Step 1

Oc

_
i

Gc

(0% O,

RN

RERRE
IRRARE:
RRNA

Is the drainage valve open? Is the drainage valve open?
M yes no
Consolidated Unconsolidated Drained Undrained

sample sample loading loading



Types of Triaxial Tests

Step 1 Step 2

Under all-around cell pressure o, Shearing (loadin

Is the drainage valve open?

yes no yes no
Consolidated Unconsolidated Drained Undrained
sample sample loading loading

CD test UU test

CU test

Is the drainage valve open?



Consolidated- drained test (CD Test)

Total, o

Step 1: At the end of consolidation

Oyc

Drainage

Step 2: During axial stress increase

— O} C

o,c+ Ac

1— GhC

Drainage

Step 3: At failure
Gy c + Ac;

— GhC

Drainage

Neutral, u

0

Effective, o’

7 —_—
G vc —Oyc

|

) —_ —_ J
‘_Gh_GhC_G3

J —_— —_— J
o’ys =Oyc t Aoy =o'y

|

L) — — J
@— G s —Opc — O 3




Consolidated- drained test (CD Test)

G, =0y + Ac

|

+«— O3— Oy ¢

Deviator stress (g or Ac,) = 6, — Oy



Consolidated- drained test (CD Test)
Volume change of sample during consolidation

Expansion

Time

Volume change of the

sample

Compression



Consolidated- drained test (CD Test)

Stress-strain relationship during shearing
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CD tests How to determine strength parameters c and ¢
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CD tests

Strength parameters ¢ and ¢ obtained from CD tests

[Since u=0in CD Therefore, c=c¢’

tests, c = o’

Cq and ¢4 are used
to denote them

@,4,/,4 FAAELS

A GENT[E REMINDER ...



CD tests Failure envelopes

For sand and NC Clay, ¢, =0

Mohr — Coulomp = = =— ==
faillure envelope

Shear stress, t

.0 Or o’

Therefore, one CD test would be sufficient to determine ¢,
of sand or NC clay



CD tests Failure envelopes

For OC Clay, c,#0

T, . 0OC I Nc/<
¢

.0 Or o’




Some practical applications of CD analysis for
clays

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

\\Softcay /
~ — — == T =in situ drained

shear strength

R RS R



Some practical applications of CD analysis for
clays

2. Earth dam with steady state seepage

|

TSNS SN

T = drained shear
strength of clay core



Some practical applications of CD analysis for
clays

3. Excavation or natural slope in clay

T = In situ drained shear strength

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




Consolidated- Undrained test (CU Test)

Total, o

p— Neutral, u

Step 1: At the end of consolidation

Oyc

— O} C

Drainage

0

Step 2: During axial stress increase

o,c+ Ac

No
drainage «— Gpc

Step 3: At failure
Gy c + Ac;

No
drainage «— Gj,c

+Au

+Au;

+

Effective, o’

b —_—
G yvc —Ovyc

|

)

Ohc

o’y =6 c+Ac+Au =6,

|

— G,h :th¢ AU - 6,3

L) —_ _— —_ J
o’y = Oyc T Aoy Au; = 67y

|

) —_— _— )
=G’ = Opc || AU = 07




Consolidated- Undrained test (CU Test)
Volume change of sample during consolidation

Expansion

Time

Volume change of the

sample

Compression



Consolidated- Undrained test (CU Test)
Stress-strain relationship during shearing

<bl_ Dense sand
% _/ or OC clay
E; 1 ™~ Loose sand
= [
= | (Aol-d)f or NC Clay
o !
0 -~ 4 :

Axial strain

+ R
Loose sand
INC Clay

- >
< \ Axial strain
' & Dense sand

or OC clay




CU tests How to determine strength parameters c and ¢

~ (Acy)m, o, = 03+ (Aoy);
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CU tests How to determine strength parameters ¢ and ¢
6’1 = 03+ (Aoy); - Ug

/4— 0,3 — O3 - U;
Mohr — Coulomb failure\ U;

envelope in__terms of . _
effective stresses \ Effective stresses at failure

\

Mohr - Coulomb & \
failure envelope In ™~
terms of total stresses

o
»

Shear stress, t

-

O\l




CU tests

Strength parameters ¢ and ¢ obtained from CD tests

fShear strength\
KShear strength\ parameters in_terms
parameters in_terms of effective stresses

of total stresses are are c’and ¢’ J
\Ccu and ¢cu _ .
C, — Cd and (I), - (I)d

@4/.4 TRALLS

A GENT[E REMINDER ...



CU tests Failure envelopes
For sand and NC Clay, c.,and ¢’=0

Mohr — Coulomb failure =
envelope in terms of
effective stresses

~

Mohr - Coulomb ~N
failure envelope in ™
terms of total stresses

Shear stress, t

.0 Or o’

GBa 0-3a cyla Gla
D — —
(AGy)sa

Therefore, one CU test would be sufficient to determine
¢., and ¢’(= ¢4) of sand or NC clay



Some practical applications of CU analysis for
clays

1. Embankment constructed rapidly over a soft clay deposit

[ \

/ \
\\Soft clay //
\ — /C T =in situ undrained

shear strength

R RS R



Some practical applications of CU analysis for
clays

2. Rapid drawdown behind an earth dam

17

TSNS SN

T = Undrained shear
strength of clay core



Some practical applications of CU analysis for
clays

3. Rapid construction of an embankment on a natural slope

T = In situ undrained shear strength

Note: Total stress parameters from CU test (c., and ¢.,) can be used for
stability problems where,

Soil have become fully consolidated and are at equilibrium with
the existing stress state; Then for some reason additional
stresses are applied quickly with no drainage occurring



Lets o 2 1 example



Unconsolidated- Undrained test (UU Test)

Data analysis
Specimen condition

Initial specimen condition during shearing
Oc = O3
No No O3+ Ad,
drainage Gc=60 '
g o 8 drainage l— O3

Initial volume of the sample = A, x H,
Volume of the sample during shearing = A x H
Since the test is conducted under undrained condition,
Ax H=Ayx H,
A x(Hy— AH) = Ay x H, A = AO
1-¢,




Unconsolidated- Undrained test (UU Test)

Step 1. Immediately after sampling

10

«— 0

Step 2: After application of hydrostatic cell pressure
6’3 =03-Au,

Oc = O3
NG : l
drainage <_C_7_c—03 = *Au— + <« G'3=05- AU,
v

Au ‘—'B Ac
AU A \
S~ - \ Increase of cell pressure

Increase of pwp due to

increase of cell pressure
P Skempton’s pore water

pressure parameter, B

Note: If soil is fully saturated, then B = 1 (hence, Au, = Acy)



Unconsolidated- Undrained test (UU Test)

Step 3: During application of axial load

No
drainage

o3+ Aoy

O3

PASEES - PRSERES

‘AU \‘——'\AB'AG

I
]

AUy = ABAG

/\~’/ \——/

T

“«— >

'

Au_ Au,

Increase of pwp due to
increase of deviator stress

|

6’1 =03+Ac, - Au.F Aug

1—6,3 =03' AUC H Aud

N

Increase  of
stress

deviator

Skempton’s pore water
pressure parameter, A



Unconsolidated- Undrained test (UU Test)

Combining steps 2 and 3,

—  \

AuU.=B Ao, Au,=ABAc,

Total pore water pressure increment at any stage, Au

Au=Au_+ Au,

Au =B [Ac, + AAcy]

- Skempton’s pore
Au =B [AG3 + A(AG]_ — AG3] water  pressure

equation



Unconsolidated- Undrained test (UU Test)




Step 1 :Increment of isotropic stress

)

~

4

No drainage

Au,

c, + Ao, )@j

No drainage

G, + Ao,

o3+ Ao,

Increase in effective stress in each direction = Ac, - AU,



Step 2 :Increment of major principal stress

1 1 G4+ 0

e O, ‘ AU, | Sp—
o, s
ol

c,+ 0 )@j

No drainage

c, + Ao,

No drainage

Increase in effective stress in o, direction = Ac, - Au

Increase in effective stress in o, and o, directions = 0 - Auj

Average Increase in effective stress = (Ag; - AUy - Auy— Au)/3



Typical values for parameter A

4 OC;— 03 4 u
u
61— 63
: _> >
Axial strain Axial strain
NC Clay (low sensitivity) NC Clay (High sensitivity)
(A=0.5-1.0) (A>1.0)

Collapse of soll structure may occur in high sensitivity

clays due to very high pore water pressure generation



Unconsolidated- Undrained test (UU Test)

Total, o — Neutral, u + Effective, o’
Step 1. Immediately after sampling lc,vo =u,
;o
— O -U, — Cho = U,
Step 2: After application of hydrostatic cell pressure G,VC =oct U, - oc=U,
No Oc

, -u +AlU.=qU, +o _
drainage — O, r o «— O}, = U,

(S, = 100%}; B = 1)

Step 3: During application of axial load c’v =0¢ + Ao + u,-o.+ AU
NG o-.+ Ac l
drainage — Oc U, 4o, /A <—O"h:0'c+Ur'°'cLl Au
Step 3: At failure 6’y =0c+AC; + U, - 6. F AU, = 674
NO G-+ Ac; l
drainage W oc u 4o, £lAu G,hf:GC+Ur-GCH Au;

« — ,
— O 3¢




Unconsolidated- Undrained test (UU Test)

Total, o — Neutral, u + Effective, o’
Step 3: At failure G,Vf :%: +A0'f + U, _/(C¢ Auf — G,lf
+
No o. * Ac; l
drainage i =6G~+U,- AU
J «— Oc -u, 40, £/Au, hhf:{;} r ?,CH f
Bt e 3f

Mohr circle in terms of effective stresses do not depend on the cell
pressure.

Therefore, we get only one Mohr circle in terms of effective stress for
different cell pressures

A

T




Unconsolidated- Undrained test (UU Test)

Total, o — Neutral, u + Effective, o’
Step 3: At failure G,Vf :%: +A6f + U, _/(C¢ Auf — G,lf
+
No o. * Ac; l
drainage i =6G~+U,- AU
J «— Oc -u, 40, £/Au, hhf:é(} r /CH f
Bt e 3f

Mohr circles in terms of total stresses

/ Failure envelope, ¢, =0




Some practical applications of UU analysis for
clays

1. Embankment constructed rapidly over a soft clay deposit

[ \

/ \
\\Soft clay //
\ — /C T =in situ undrained

shear strength

R RS R



Some practical applications of UU analysis for
clays

2. Large earth dam constructed rapidly with
no change in water content of soft clay

TSNS SN

T = Undrained shear
strength of clay core



Some practical applications of UU analysis for
clays

3. Footing placed rapidly on clay deposit

UL

T 5 YA' N A NSRS A TN A
,:‘).n:n ~...f.?f,.;.~‘,-,)€‘_,"; '_ &,f,:!.,): ....4
IR TR R T AT R IR

T = In situ undrained shear strength

Note: UU test simulates the short term condition in the field.
Thus, c, can be used to analyze the short term
behavior of solls




Pore water pressure measurement

Skempton’s pore water
pressure equation

N




Derivation of Skempton’s pore water pressure equation

snSaturation & use of back pressure

1. Reason for saturation
2. Principle of saturation
3. Maintaining saturation
2. Advantages of saturation



Reason for saturation

- deal with partly saturated solls

- complexity while measuring pore air
pressure

-» To measure the shear strength at
failure



Principle of saturation

- raised the pwp sufficiently enough for water
to absorb into the solution

- At the same time, o, IS raised to maintain a
small positive ¢’ in the sample

-» Reasonable magnitude = 50 kPa to 100
kPa

-~ Check B value:

B =AU,/ Ac,



Maintaining saturation

- elevated pwp should if possible be
maintained

- Pwp should not be less than 150 kPa



Advantages of saturation

-» Can dissolved any air trapped between
the membrane and the sample

-» Any air bubbles remained in the pore
pressure and back pressure systems
are eliminated

- Reliable measurement of permeability
can be made on soils that are Initially
partly saturated



Typical values for parameter B

1 00 ///,“
0.80 P4

060
8 /
040 /
0.20 P
/
,//

60 70 80 90 100
S, (%)

0

Typical relationship between B and degree of saturation.



Typical values for parameter A

Table 15.2. TYPICAL VALUES OF PORE PRESSURE COEFFICIENT _'A P

Volume change

Type of soil due to shear Ay
Highly sensttive clay large contraction +0.75to +1.5
Normally consolidated clay co,ntraction + 05 to +1

Compacted sandy clay
Lightly overconsolidated clay
Compacted clay gravel

Heavily overconsolidated clay

slight contraction
nofe
expansion

expafision

+0.25 to +0.75
0 to +0.5
—0.25to +0.25

—05 to0

(After Skempton, 1954}



Typical values for parameter A

1.00

0.80

Af 0.40

\
0.20 \\
0 \
TN
’\\N
-0.20
L 2 3 4 5 10 20
OCR

Typical relationship between A at failure and overconsolidation



Typical values for parameter A

A G, — 03 N G, — 03
u
u
> >
Axial strain Axial strain

OC Clay (Lightly overconsolidated) OC Clay (Heavily overconsolidated)
(A=0.0-0.5) (A=-0.5-0.0)

During the increase of major principal stress pore water

pressure can become negative in heavily overconsolidated
clays due to dilation of specimen




Effect of degree of saturation on failure envelope

T S<100% | S>100%
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Example 1

An unconfined compression test has given a UCS value of 126.6 kPa. The effective shear strength
parameters are: ¢’ = 25 kPa, [’ = 300]. Assuming the pore pressure parameter A = -0.09, calculate the initial
pore pressure in the samples (use the failure criterion consideration)

Solution 1

Solution:

Using the failure criterion in terms of effective stresses (Equation 4.8):

o} = o tan2(45.0° +30.0°/2) + 2 x 25.0tan(45.0° + 30.0°/2),
o} =303 +86.6.

The unconfined compression strength represents:

100

50

[/ 20.0kPa 83.3kPa 126.6 kPa ‘\ 146.6 kPa
le L TN R T
- A AL Yl J c! (kpa)
a 50 100 =12 50
\ Initial state of stress '

o'y=0’y = 8.6 kPa

g, -03=0;-00= o} —o3. Thus

o, —03 =126.6 > o] =03 +126.6.

Substituting o’ in the equation of the failure criterion:

o +126.6 =305 +86.6 > o’ =20.0 kPa.

The effective major principal stress is: i
o, =03 +126.6=20.0+ 126.6 =146.6 kPa. i
%= unconfined compression test the confining pressure o3 is zero:
o;=03+u=200+u=0->u =-20.0 kPa.

The excess pore pressure in a traditional triaxial compression test is determined from the
@allowing equation where 4 and B are termed pore pressure coefficients:

Au = B[Ac, + A(Acy —Ac)] 4.11)

%= an unconfined compression test A3 = (. Furthermore the incremental stresses can be
seplaced by o) and o3 for evaluation of the average values for 4 and B. Assuming
2 = 1 and knowing that:

= -03=01-03

e pore pressure coefficient 4 at failure is calculated from:

Au Au .
A= =— - , thus
%1 . %1793
B 00— 8% _ 8%, Au=—114KkPa.
o,-o3 1266

The initial pore pressure is:
w =-20.0-(-11.4)=-8.6kPa.



Example 2

The results of CU test on identical specimens are given in a table below:
Based on Mohr’s circle diagram, determine the total and effective shear strength parameters. In addition, what would be the expected pore

pressure (at failure if o, = 100 kPa.

Test o3 (kPa) o1 - o3(kPa) Us (kPa)
no.
1 200 244 55
2 300 314 107
3 400 384 159




Solution 2

total stress

Test no. o3 (kPa) o1 (kPa)
1 200 444 (1/2)
2 300 614 (1/2)
3 400 784 (1/2)

effective stress

Test no. c’3 (kPa) c’1 (kPa)
1 145 (1/2) 389 (1/2)
2 193 1/2) 507 (1/2)
3 241 (1/2) 625 (1/2)

81



Solution 1

Based on Mohr’s circle diagram:

c = 40 kPa; ¢ =15° 3)
c’=10 kPa; ¢’ =25° (€©))
If o3 =100 kPa;

Based on either this equation
o, = o3 tan? (45 + ¢/2) + (2c tan (45 + ¢/2)

(Eq. 1)
@
o3 = o, tan? (45 + ¢/2) - (2c tan (45 + ¢/2)

(Eq. 2)

Based on Eqg. 1
o, =100 tan? (45 + 15/2) + [(2*40) tan (45 + 15/2)]
=274.1 kPa (2

. (6’ —u) = (100 — u) tan? (45 + §’/2) + (2c¢’ tan (45 + §’/2)
(274.1 — u) = (100 — u) tan? (45 + 25/2) + [(2*10) tan (45 + 25/2)]
u = 2.25 kPa (2.5)

82



Example 3

A soil has the following properties, n (porosity) = 0.38, Es (Modulus of Elasticity) =10 Mpa, p = 0.3.
The bulk modulus of the pore water is 2200 Mpa. Estimate the pore pressure coefficient B

Solution 3

Solution:
If an element of saturated soil is subjected to isotropic compression Ac, the instamt
increase in pore pressure Au (excess pore pressure) is calculated from: |

Auz——i———Ao:BAc (4.100
nk ; \

g =t
3K(1-2p)

where n is the porosity, E; is the Modulus of Elasticity of soil, p is the Poisson’s ratio, K
is the bulk modulus of the pore water and B is termed the pore pressure coefficient
Substituting the given data in the above equation:

1 1
e i 0.38x10.0 St

s

T e TR
3K (1-2p) 3x2200.0(1-2x0.3)




Example 4

The shear strength of a normally consolidated clay can be given by the equation t = ¢’ tan 27°. Following are the
results of a consolidated undrained test on clay:

Chamber confining pressure = 150 kPa

Deviator stress at failure = 120 kPa

Determine the consolidated undrained friction angle
Pore water pressure developed in the specimen at failure

If the sample was carried out in drained compression loading, what would have been the expected pore water
pressure at failure?
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Example 5

Undisturbed samples from a normally consolidated clay layer were collected during a field exploration. Drained triaxial
test showed that the effectivbe friction angle, ¢’ = 28°. The unconfined compressive strength, q,, of a similar specimen
was found to be 148 kN/m2. Determine the pore pressure at failure of the sample.

Solution 5

03 =0 (for UCS sample)
ol =o3+Ac
= 148 kPa
0, = 0,.tan?(45° + ¢/ 2)+ 2.c.tan(45° + ¢/ 2)
(148 — u) = (0-u) tan® (45 + 28/2)
(148 —u) = (0-u) 2.7698
(148 —u) = - 2.7698 u
u=-83.6 kPa



Example 6

A consolidated unrained triaxial test was conducted on dense sand with a chamber confining pressure of 138 kN/m?2.

Results showed that ¢’ = 24° and ¢ = 31°. Determine the deviator stress and the pore water pressure at failure. If the
sand were loose, what would have been the expected behavior? .

Solution 6

L fesh

o \ 2 ket m
¢ '—_ 24 °“
D - 3
a, r)s\(m‘(ﬁ(*ir)

> 4 ~
1296 4 an (L4S 2 j’,_L )

>



Example 7

A specimen of saturated sand was consolidated under all-around pressure of 105 kN/m?2. The axial stress was then
increased and drainage was prevented. The specimen failed when the axial deviator stress reached 70 kN/m?2. The pore

pressure at failure was 50 kN/m?2. Determine:
a) Consolidated undrained angle of shearing resistance, ¢

b) Drained friction angle, ¢'.

Solution 7

Y Oy = 105 CNlm

@\'{J)l‘: L‘)C\\V/vz
(@ YN ’S,) 1 &0
_‘?(.;"’\’/m)

1065 Lf\)]..‘,.) 4

2
\35 KN [ 4

( '35 - 105 )
175 t1069

Q
J
s
8|9
a
TR
J
>

lo, - (au)p 1 = [0y - Coup} )

y - ( / & /
XC."‘G'JJ,;} 4 "Cé‘\,a“,'/-

Sin | \ _\l—;’\gh"_’/—
\15 A \og - 2(50)
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Example 8

(b) Undisturbed sample from normally consolidated clay layer were collected during a
field exploration program. Drained triaxial test showed that the effective friction angle
¢’ = 28°. The value of A; for the insitu conditions is estimated at 0.8. The unconfined

compressive strength, qu, of a similar specimen was found to be 148 kN/m?.

Determine the pore pressure at failure, us, for the unconfined compression test.
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