SHEAR STRENGTH OF 50IL

Mecessity of studying Shear Strength of solls
= 50l failure uswally ocours in the form of “shearing” alang internal surface within the sail,

Shear Strength:
* Thus, strusctural strength IS primarily a function of shear strength.

= The strength of a material Is the greatest strese it can sustain
# The safety of any geotechnical structure |5 dependent on the strength of the soil
* If the soil fails, the structure founded on it can collapse
Thus shear strength Is
“The capacity of a material to resist the Internal and external forces which shide
‘Significance of Shear Strength ;
- Engineers must understand the nature of shearing resistance in erder 12 analyze soil stability problems such as;




Homogeneonus soil

Soil after slope
failure

Slope Stability Failure as an Example of Shearing Along Internal Surface
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Components of shear strength of soils
S0l derives its shear strength from two sources:
= Cohesion between particles [stress independent componant)
= Cementation between sand gralns
= Electrostatic attraction between clay particles
= Frictional resistance and interlocking between particles (stress dependent
component)
Cohesion :

Cohedion [C]._ s @ measure of the forces that cement particles of soils




SHEAR STRENGTH OF SOIL

Necessity of studying Shear Strangth of soils :
* 5oil fallure usually ocours in the form of "shearing” along internal surface within the 4ail,
Shear Strength:
* Thus, structural strength is primarily a function of shear strength.
= The strength of 8 material is the greatest stress it cBn sustain
= The safety of any geatechnical structure Is dependent an the strength of the soil
= If the soil fails, the structure founded on it can collapse
Thus shear strength is
“The capacity of a material to resist the internal and external forces which slide
past vach other”
Significance of Shear Strength :
- Engineers must understand the nature of shearing resistance in order te analyze s2il stability problems such as;

- Bearing capacity

= Slope stability
= Lateral earth pressure on earth-retaining structure




Homogeneous soil

Soil after slope
failure
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Components of shear strength of solls
Soil derives its shear strength from two sources:
= Cohesion between particles (stress independent component)
» Cementation between sand grains
= Electrostatic attraction between clay particles
= Frictional resistance and interlocking between particles (stress dependent
component)

Cohesion :

Cahesion [C), is a measure of the forces that cement particles of soils




Internal Friction :
Internal Friction angle U}, Is the measure of the shear strength of solls due 1 friction
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Angle of Repose

Angle of Repose determined by:

Particle size (higher for large particles)
Particle shape (higher for angular shapes)

Shear strength (higher for higher shear strength)

Stresses:

Gravity generates stresses (force per unit area) in the ground at different points

Stress on a plane at a given point is viewed in terms of two components:

Narmal stress (a) : acts normal to the plane and tends to compress sol

grains towards each other (volume change]

Shear stress [t): acts tangential to the plane and tends to slide grains relative to each other (distortion and ultimately
sliding fallure].

LECTURE 31

Factors Influencing Shear Strength:

The shearing strength, is affected by:

- soil composition: mineralogy, grain size and grain size distribution, shape of
particles, pore fluid type and content, ions an grain and in pore fluid.

— Initial state: State can be describe by terms such as: loose, dense, overconsolidated,
normally consolidated, stiff, soft, etc.

— Structurs:; Refers to the arrangement of particles within the soil mass; the

manner in which the particles are packed or distributed. Features such as

layers, voids, pockets, cementation, etc, are part af the structure.

Mohr-Coulomb Failure Criteria:

This theory states that a material fails because of 2 critical combination of normal stress and shear stress, and not from

their elther maximum nermal or shear stress alone.

Mohr-Coulomb Failure
Criterion
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Table Typical Values of Drained Angle
af Frietion for Sands und Silis

o' [degl

Loose 27-30
Medium 3015
Dense 35-a8
.'.i‘and. Angufnr grm‘m
30-35
35-40
40 -45
34 —43

"‘I’:

u=tand

0.51-0.58
0.58.0.70
0,700,748

{58070
0.70-0.84
(r.84- 100
0.67-1.11
0.49-0.70




Direct Shear Test:

Dry sand can be conveniently tested by direct shear tests. The sand is placed in a shear box that is split inta two

« A normal load s first applied to the specimen. Then a shear foroe is applied to the top half of the shear
bex to cause fallure in the sand. The normal and shear stresses at fallure are
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LECTURE 33

Triaxial Tests ram of the Triaxial test arr.in“ﬂ‘q

Triaxial compression tests can be conducted on sands and clays shows a schematic diag
Essentiaily, It consists of placing & soll specimen confined by a rubber membrane in a Lucite chamber. An all-round confejn,
amber fluid (generally water or glycerin). An added stress (ag) .,

pressure (03] s applied to the specimen by means of the ch
als be applied to the specimen in the axjal direction to cause failure (Ao=Aaf at failure). Drainage from the specimen caq i,

R s S atctmed ng on tha test condition, For elays, three main types of tests can be conducted with Trigg)
i depend| L, 1l
Triaxial test:
1. Consolidated-drained test (CD test)
2. Consolidated-undrianed test (CU test)

3. Unconsolidated-undrained test {UU test) Major
=03=fofaol=0'l Minor Principal

¥
cimens. The shear strength

; qlmrwn in figure and drawing a common
yormally consolidated clay, e=0]). At failure
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for saturated clays, the value of O1-03agy
Iy

n naw be drawn, @& shawn in Figure.
t 1o these Maohr's citeles will be 3 herizonta) fin,
Irﬂ

The total strass Mahr's cirele at failure ca
constant, lerespective af the chamber confining pressure, 93.The tangen

the @=0 condétion. The shear stress for this condition i
s=g = %If

Where
¢, = undrained coheslon {or undrained shear strength)

The pore pressure developed in the soil specimen during
triaxial test is :
=iy +u|l

the unconsolidated-undrained

ﬁl‘f ! " & u.l.i'lhﬂ thﬂmﬂmw chamber pressure, dy. Hence

bl gl sure parameter B in soft saturated sofls s 1, so
r gl-g3)
I SLLS PODESY I Iré parameter ailure will vary witl
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| T T X o 0 - 1 .



compression test 5 a special type of unconsolidated-undrained Triaxial test in which the confining ol
I‘Ilﬁn’h'ﬂﬁi 25t an @xial stress, Ag, is applied to the specimen 1o cause failure (that is, Ao=gof), T,




Specimen

Unconfined
Shear (a) COMmpression
stress strength, g,
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r:; :H.:brl:-.m for the undralned shear strength, c., {5 : 0 eancept), of very soft to medium cohesive soils may

5 ded
ity bt shear tests, The shear vane usually consists of four thin, equal-sized steel plates wel 10 & steg| ‘“fuuq,
B 5qj|

FIrSt. the vane is pushed into the seil, Then torque is applied at the top of the torque rod to ratate the vane at a unifoqm, "0y

Acylinder of sail of helght ft and diameter r/ will resist the torgue until the soil fails. The undrained shear strength of o
€an be caleulated as follows. If | is the maximum forgue appiled at the head of the torque rod 1o cause fallure, it should by
equal to the sum of the resisting mament of the shear force along the side surface of the sall eylinder (M.} and the reslsting

moment of the shear forca at each end (M, )
T=M, + M+ M|
e

Tweis wnels

The resisiing mumeni can be given as
M, = (x e, (ard)
we  Mupicnt
der and decreases lineaarly to zero at the center,
ohery to the center of the sail cylinder.
'_Paral:nlil:aﬂr to zero at the center,
| at failure can be expressed as







