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Types of Soils

(1) Glacial soils: formed by transportation and deposition of
glaciers.

(2) Alluvial soils: transported by running water and deposited
along streams.

(3) Lacustrine soils: formed by deposition in quiet lakes (e.g.
soils in Taipei basin).

(4) Marine soils: formed by deposition in the seas (Hong
Kong).

(5) Aeolian soils: transported and deposited by the wind (e.g.
soils in the loess plateau, China).

(6) Colluvial soils: formed by movement of soil from its
original place by gravity, such as during
landslide (Hong Kong). (from Das, 1998)
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Basic Structural Units

—

-

Clay minerals are made of two distinct structural units.

oxygen
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Tetrahedral Sheet

=

Several tetrahedrons joined together form a

tetrahedral sheet.
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Tetrahedral & Octahedral Sheets

=

For simplicity, let’s represent silica tetrahedral sheet by:

Si

and alumina octahedral sheet
by:

Al



Different Clay Minerals

=
Different combinations of tetrahedral and octahedral
sheets form different clay minerals:

1:1 Clay Mineral (e.qg.,
kaolinite, halloysite):




Different Clay Minerals

=
Different combinations of tetrahedral and octahedral
sheets form different clay minerals:

2:1 Clay Mineral (e.g.,

montn

Octahedral Sheet

Tetrahedral Sheet



Kaolinite

Si
Al
Si
Al
Si
AI joined by oxygen
S —— sharing

0.72 nm
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Kaolinite

|

-

» used In paints, paper and in pottery and
pharmaceutical industries

> (OH).AI,Si,0,,

Halloysite

» kaolinite family; hydrated and tubular structure

> (OH)4Al,Si,0,,.4H,0
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Montmorillonite

=
» also called smectite; expands on contact with
water

0.96 nm

/
joined by weak

van der Waal'sbond
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Montmorillonite

|

-
» A highly rea%pansive) clay
> swells on contact

(OH),Al,Sis0,,.nH,C With water
Bentonite high affinity

» montmorillonite family

» used as drilling mud, in slurry trench
walls, stopping leaks
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Ilite
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fit into the hexagonal

0.96 nm
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A Clay Particle

AN

Plate-like or Flaky Shape
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Clay Fabric

face-to-face contact

Flocculated Dispersed
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Clay Fabric

» Electrochemical environment (i.e., pH, acidity, temperature,

cations present in the water) during the time of
sedimentation influence clay fabric significantly.

> Clay particles tend to align perpendicular to the load applied on
them.
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Scanning Electron Microscope

» common technique to see clax partlcles

» qualitative

plate-
like

structu : , ‘

Vl"

(
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Isomorphous Substitution

-

» substitution of Si** and AI3* by other lower
valence  (e.g., Mg?*) cations

» results in charge imbalance (net negative)

positively charged

dggatlvely
charged faces

Clay Particle with Net negative Charge
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Cation Exchange Capacity (c.e.c)

-
» capacity to attract from the
water (i.e., measure of the net negative
charge of the clay particle)

» measured in meqg/100g (net negative
charge per 100 g of clay)

» The replacement power is greater for
higher valence and larger cations.

A+ > Cazt > Mg2+ >> NH,* > K+ >
H* > Na* > Li*
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Adsorbed Water

|
» A thin layer of water tightly held to particle; like a
skin

» 1-4 molecules of water (1 nm) thick

» more viscous than free

water N\

adsorbed
water
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Clay Particle in Water

ad sorb_gq ______________
N water =
[ e
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water e
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Summary - Montmorillonite

===

|

» Montmorillonites have very high specific surface, cation
exchange capacity, and affinity to water. They form reactive
clays.

» Montmorillonites have very high liquid limit (100+),
plasticity index and activity (1-7).

» Bentonite (a form of Montmorillonite) is frequently used as
drilling mud.
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Three Phases in Soils

S:éSoIid ~ Soil particle

W Liquidé Water (electrolytes)

Volume Mass
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Three Phase Diagram
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Fully Saturated Solls (Two phase)




Dry Solls (Two phase) [Oven Dried]




For purpose of study and analysis, it is convenient to represent the
soil by a PHASE DIAGRAM, with part of the diagram representing the
solid particles, part representing water or liquid, and another part air
or other gas.

W_~0 V,
— Vol 4
VW
L WW WT

Wi V,
Wt: total weight Vt: total volume
Ws: weight of solid Vs: volume of solid
Ww: weight of water Vw: volume of water

Wa: weight of air=0 Vv: volume of the void



Volumetric Ratios W,~0 Air

W
(1) Void ratio e w,
o Volume of voids 'V,
Volume of solids V.
(2) Porosity n%
Volume of voids V

n= : =—x100
Total volume of soil sample 'V,

3) Degree of Saturation S% (0 — 100%)
(3) Deg

Total volume of voids contains water V,,
= : =—"x100%
Total volume of voids \Y

\'

S



Weight Ratios

(1) Water Content w%

Weight of water W

W = =
Weight of soil solids W

*.100%

S
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Soil unit weights

(1) Dry unit weight . Ws

_ Weight of soil solids W

S

7 = Total volume of soil _ V,

(2) Total, Wet, Bulk, or Moist unit weight
_ Total weight of soil W, +W, (4) Submerged unit weight

V= :
Total volume of soil V,
(3) Saturated unit weight (considering S=100%, V, =0)

Y': Ysat —Vw

Weight of soil solids+water W, +W,,
Total volume of soil V,

Vsat =

Note: The density/or unit weight are ratios which connects the
volumetric side of the PHASE DIAGRAM with the mass/or weight side.
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Specific gravity, G,

The ratio of the weight of solid particles to the weight of an equal
volume of distilled water at 4°C

G, = —=
Vs P

i.e., the specific gravity of a certain material is ratio of the unit weight
of that material to the unit weight of water at 4°C.

The specific gravity of soil solids is often needed for various
calculations in soil mechanics.

G, =L G

S

w=1

Y *Gercury = 13.6

mercury




« EXxpected Value for Gs

Type of Soil Gs
Sand 2.65 - 2.67
Silty sand 2.67-2.70
Inorganic clay 2.70-2.80
Soils with mica or iron 2.75—3.00
< 2.00

Organic soils




Relationships Between Various Physical Properties

All the weight- volume relationships needed in soil mechanics

can be derived from appropriate combinations of Six
fundamental definitions. They are:

. Void ratio

. Porosity

. Degree of saturation
. Water content

. Unit weight

O U B W N =

. Specific gravity



1. Relationship between e and n

Yy
.o Vs V. _ V 16
v, V-V, 1_(5) - n =
V
Also, from Eq. (3.6),
g
= 37
"l te =
Using phase diagram W_~0 Vv,
Given :e — % —F
required: n W, W Vi
T 1+e
V, e |
n=—= W, '1
V, 1+e i
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2. Relationship among e, S, w, and Gs

eDividing the denominator and numerator of the R.H.S. by V,

yields:
Se =wG,

eThis is a very useful relation for solving THREE-PHASE
RELATIONSHIPS.
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3. Relationship among vy, e, S and G,

eNotes:

_ (Se+G,)

1+e

Y w

® Unit weights for dry, fully saturated and submerged
cases can be derived from the upper equation

® Water content can be used

saturation.

instead of degree of
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Method to solve Phase Problems

Method : Memorize relationships

_ (Se+Gy)
Se:WGs = l+e Tw
e
n=——- VdZL

:1+e 1+w
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Example 1

The moist unit weight of a soil is 19.2 kN/m’. Given that G, 2.69 and
w = 9.8%, determine

a. Dry unit weight

b. Void ratio

¢. Porosity

d. Degree of saturation

192
O A =17.5kN/m’
l+w 938
+__.
100
G 2.69)(9.
by w75 Cte _CIORY
l+e l+e
c. < el SR

n= =
l+e 14051

G 0. -
MG IR 100 8T
e 051 40

d S




Example 2
Field density testing (e.g., sand replacement method) has shown bulk
density of a compacted road base to be 2.06 g/cc with a water content of

11.6%. Specific gravity of the soil grains is 2.69. Calculate the dry density,
porosity, void ratio and degree of saturation.

Solutioan:

T =

LSe = (0116269 = 0312

. + Se

1 + &

F:}.F?? o—

7

269 0312
1 4+ &

cL 206 =

> 1.0

e — O . A5°7F



eRelative Density
® The relative density is the parameter that compare the volume

reduction achieved from compaction to the maximum possible

volume reduction
® The relative density Dr, also called density index is
commonly used to indicate the IN SITU denseness or

looseness of granular soil.
Loosest State Intermediate State Dansest State
Bwar & =
Fdm » (4] P ax
- -
A -
na =]
: Voids & ~A L
4T 2} Veids N L
o Hvg, 4mvoids
AL sail Sol ? Soll
o Solids Solids Solids
x1 . s - A M

Volume reduction from compaction of granular soil




®D, can be expressed either in terms of void ratios
or dry densities.

where D, = relative density, usually given as a percentage
¢ = in situ void ratio of the soil

= void ratio of the soil in the loosest state
€nin = void ratio of the soil in the densest state

1 1
Ld[mm;.] LJ _ [ Yd ~ Vimin) ”’chmu)]
[ l ] B [ l ] Ydimax) — ¥ d{min) Vd

¥ dimin) Y dimax)

EI]Tl:EL?lL

D, =

where ¥ 4, = dry unit weight in the loosest condition (at a void ratio of e, )
v, = in sifu dry unit weight (at a void ratio of e)

Ydmax = dry unit weight in the densest condition (at a void ratio of e_;,) s



eRemarks

® The range of values of D, may vary from a minimum of zero for
very LOOSE soil to a maximum of 100% for a very DENSE soil.

® Because of the irregular size and shape of granular particles, it is
not possible to obtain a ZERO volume of voids.



® Granular soils are qualitatively described according to their
relative densities as shown below

Relative Description of
Density (%) soil deposit
0-15 Very loose
15-50 Loose
50-70 Medium
70-85 Dense
85-100 Very dense

® The use of relative density has been restricted to granular soils
because of the difficulty of determining e__, in clayey soils.
Liquidity Index in fine-grained soils is of similar use as D, in
granular soils.
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ATTERBERG LIMITS

» Liquid limit test:

A soil is place in the grooving tool which consists of
brass cup and a hard rubber base.
= Agroove is cut at the center of the soil pat using a standard grooving tool.

= The cup is then repeatedly drooped from a height of 10mm until a groove
closure of 12.7 mm.

=  The soil is then removed and its moisture content is determined.

= The soil is said to be at its liquid limit when exactly 25 drops are required
to close the groove for a distance of 12.7 mm (one half of an inch)

46



APPARATUS

Spatula
*®

Liquid limit device

Grooving '
tool

@

@

Moisture cans

Soil specimen




» Plastic limit test:

» Asoil sample is rolled into threads until it becomes thinner and eventually breaks
at 3 mm.

« It is defined as the moisture content in percent at which the soil crumbles when
rolled into the threads of 3.0 mm.

 Ifitis wet, it breaks at a smaller diameter; if it is dry it breaks at a larger diameter.

48



If | give you a bag of 1-Kg soil taken from an under construction
site and ask you the following questions.

F

1. | What is the most basic classification of soil?

2. What are the methods of soil gradation or grain size distribution?

3. How do you define the soil types? Clay, Silt, Sand, Gravel or cobble
and boulder

4. Calculate D,y D3, and D, oOf this soil using the sieve analysis?

5. Calculate both the C, and C. of this soil?

6. Is this soil poorly, gap or well graded, Liquid limit and Plastic limit?
How do you define theses terms?

You will learn in today’s practical class

Answer all the above questions in your first report.

49



Purpose:

-Wformed to determine the percentage of

different grain sizes contained within a soil.

e The mechanical or sieve analysis is performed to
determine the distribution of the coarser, larger-sized
particles, and the hydrometer method is used to
determine the distribution of the finer particles.

Significance:

e The distribution of different grain sizes affects the
engineering properties of soil.

e Grain size analysis provides the grain size distribution,

and it is required in classifying the soil.
50
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Major Soil Groups

|

Cohesive Granular soils or
soils “T " Cohesionless soils
Clay Silt Sand Grave Cobble Boulder
| >
0.002 0.075 4.7
Grain size
(mm)
Fine grain- » Coarse grain

soils

soils
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=

Grain Size Distribution

-

Significance of GSD:

To know the relative proportions of different grain sizes.

# An important factor influencing the geotechnical
characteristics of a coarse grain soil.

# Not important in fine grain soils.

52



Grain Size Distribution

=
Determination of GSD:

* Incoarse grain soils ...... By sieve analysis

# In fine grain soils ... By hydrometer analysis

«—— hydrometer
Y
N

<« stack of sieves

— sieve shaker U
+————soil/water suspension

m NS

Sieve Analysis Hydrometer Analysis

llllllll[




Sieve Analyses

Gravels
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Sieve Analysis
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Sieve Designation - Large

|

Sieves larger
than the #4
sieve are
designated by
the size of the
openings In
the sieve
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Sieve Designation - Smaller

-

Smaller sieves are 0

numbered openings
according to the per inch
number of openings
per inch

# 10 sieve

57



Sieving procedure

(1) Write down the weight of each sieve as well as the
bottom pan to be used in the analysis.

(2) Record the weight of the given dry soil sample.

(3) Make sure that all the sieves are clean, and assemble
them in the ascending order of sieve numbers (#4 sieve at
top and #200 sieve at bottom). Place the pan below #200
sieve. Carefully pour the soil sample into the top sieve and
place the cap over it.

(4) Place the sieve stack in the mechanical shaker and
shake for 10 minutes.

(5) Remove the stack from the shaker and carefully weigh
and record the weight of each sieve with its retained soil.
In addition, remember to weigh and record the weight of

the bottom pan with its retained fine soil. s
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_ _ Mass of Mass of Soll
Sieve Diameter Empty Sieve+Soi Retained F’erc:ent Percgnt
Number (mm) _ _ Retained | Passing
Sieve (g) | Retained (g) (9)
4 475 116.23 16613 49.9 9.5 90.5
10 2.0 99.27 13577 26.5 F.0 g2.5
20 0.84 9758 139.68 421 g.0 F5.5
40 0.425 98.96 128.96 40.0 7.6 678
60 0.25 91.46 114 46 23.0 A4 3.4
140 0.106 9315 184.15 91.0 174 4e.1
200 0.075 90.92 101.12 10.2 1.9 441
Pan -— F0.19 301.19 221.0 441 0.0
Total Weight= 5237




For example: Total mass = 500 g,

Mass retained on No. 4 sieve = 9.7 g

For the No.4 sieve:

Quantity passing = Total mass - Mass retained
=500-9.7=490.3¢

The percent retained is calculated as;

% retained = Mass retained/Total mass

= (9.7/500) X 100 = 1.9 %

From this, the % passing = 100 - 1.9 = 98.1 %
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Grain size distribution

80

60

40

20

0 el
0.0001 0.001 0.01 0.1 1

Particle size (mm)




|

Unified Soil Classification

-

Each soil is given a 2 letter classification (e.g. SW). The following

procedure is used.

— Coarse grained (>50% larger than 75 mm)

Prefix S if > 50% of coarse is Sand
Prefix G if > 50% of coarse is Gravel

Suffix depends on %fines
If %fines < 5% suffix is either W or P

If %fines > 12% suffix is either M or C
If 5% < %fines < 12% Dual symbols are used
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Unified Soil Classification

. Todetermine W or P, calculate C, and C,

- ~ _ Dg
Dy, X% of the soil has particles
D2 smaller than D,

o LI LI LI

O 0

, LU L0 T
0

0.0001 0.001 0.01 0.1 1 1
Particle size (mm)
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Grading curves

) |

o 0001  0.001 0.01 100
Partlcle size (mm)

W  Well graded
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Grading curves

T
0 el

0.0001  0.001 0.01
Particle size (mm)

80|
60|
40|

20

W Well graded
U Uniform



Grading curves

80

60

40

20

5
-t

;-'
0 sl e 5 I||| _‘-"""
0.0001 0.001 0.01 0.1 1

Particle size (mm)

Well graded
Uniform

Poorly graded




Grading curves

O 1 0 A
O 1 IIIII
¥ IIII\\\\IIIII\WIIII!!IhIIIIi\ A
IIII\NIIIII]WIIiII“l\I AR

, LRI AT 1T

o 0001  0.001 0.01 1 100
Particle size (mm)

Well graded

W

U Uniform
P Poorly graded
C

Well graded with some clay
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Grading curves

I\WIIIIIN\II!; I
|
|

80|

1l |
L
MHlI il !
IIII\WIIII!““II _,

(LUl ol iIIW\II

0.0001  0.001 0.01 1
Partlcle size (mm)

W Well graded

]
;.i'
f.ul"

ii
) | H
) | ‘[

20

Uniform
Poorly graded

Well graded with some clay

m O UV C

Well graded with an excess of fines



4 )
100 r /
80 | //
- . hydrometer sieve /
i i < >
= r A
7 60 | : A
S : fines < I » | sands < >// gravels
S : vd
40 F //
N //’
______ e R RS BRI i ____________//’
C o
20 L // { Dlo = 0013 mm i
g ////” i D30 D30 = 047 mm
E ///"——‘ E D60 = 74 mm
O L '“ R , R
0.001 0.01 0.1 1 10 100
Grain size (mm)
& )

Grain Size Distribution Curve

can find % of gravels, sands, fines

# define D,y, D5, Dgy.. @S above.
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To determine W or P, calculate C, and C,

C — D6O
Do x% of the soil has particles
D2, smaller than D,

80

60

o b |
0.0001 0.001 0.01
Particle size (Imm)
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Well or Poorly Graded Soils

=

Well Graded Soils Poorly Graded Soils
Wide range of grain sizes Others, including two special cases:
present

(a) Uniform soils — grains of same size

Gravels: C.=1-3& C, >4 1) . sraded soils - no grains in a

Sands: C,=1-3 & C, >6 specific size range
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Atterberg Limits

-

# Border line water contents, separating the
different states of a fine grained soil

|
|
0

| | |
Shrinkag Plastic Liquid
e limit limit

water
content

\_ymjt\ J\_ J\. J
Y Y Y

brittle- semi- plastic liquid
solid solid
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Purpose:
This lab is performed to determine the plastic and liquid limits of a fine grained

soil. The Atterberg limits are based on the moisture content of the soil.
The plastic limit: iIs the moisture content that defines where the soil changes from

a semi-solid to a plastic (flexible) state.
The liquid limit: 1s the moisture content that defines where the soil changes from

a plastic to a viscous fluid state.
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Soil specimen

Moisture cans




|

Liquid Limit Definition

-

The water content at which a soil changes from a plastic consistency to a
liquid consistency

Defined by Laboratory Test concept developed by Atterberg in 1911.
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Atterberg Limits

=
Liquid Limit (w; or LL):
Clay flows like liquid when w > LL

Plastic Limit (wp or PL):

Lowest water content where the clay 1s still plastic

Shrinkage Limit (wg or SL):

At w<SL, no volume reduction on drying
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LL Test Procedure

aF

* Prepare paste of soil finer
than 425 micron sieve

* Place Soil in Cup

79



LL Test Procedure

aF

« Cut groove in soil paste
with standard grooving tool
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e

LL Test Procedure

-

Rotate cam and count
number of blows of cup
required to close groove b
1/2”

172 Inch
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|

LL Test Procedure

-

Perform on 3 to 4 specimens that bracket 25 blows to close groove
Obtain water content for each test

Plot water content versus number of blows on semi-log paper
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LL Test Results

-

Interpolate LL water
‘. content at 25 blows

Log N
25

LL=w%
water content, vo
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LL Values < 16 % not realistic

-

PI, %

16 Liquid Limit, %
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LL Values > 50 - HIGH

PI, %

Liquid Limit, % 50
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LL Values <50 - LOW

PI, %

Liquid Limit, % 50
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Plastic Limit

I The minimum water content at which a soil will just begin to
crumble when it is rolled into a thread of approximately 3 mm
In diameter.

< <«

Soil Specimen Moisture cans

S

Spatula
Glass plate
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Plastic Limit w% procedure

-

Using paste from LL test, begin drying
May add dry soil or spread on plate and air-dry

89



Plastic Limit w% procedure

* When point is reached where thread is cracking and cannot be re-rolled to 3
mm diameter, collect at least 6 grams and measure water content. Defined
plastic limit

90



Ellipsoidal soil mass




1. Calculate the water

content of each of the
plastic limit moisture
cans after they have
been in the oven for at
least 16 hours.

Compute the average of
the water contents to
determine the plastic
limit, PL.
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Definition of Plasticity Index

 Plasticity Index is the numerical difference between the Liquid Limit w%
and the Plastic Limit w%

Plasticity Index = Liquid Limit — Plastic Limit

‘: PI=LL-PL ‘

plastic (remoldable)
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Plasticity Chart

Low plasticity w =< 35%
Intermediate plasticity wy =35 - 50%
High plasticity wy, =50 - 70%
Very high plasticity wy, =70 - 90%
Extremely high plasticity wi =>90%
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UNIT Il
PERMEABILITY, EFFECTIVE STRESS AND SEEPAGE THROUGH SOILS

95






The Darcy Law

PERMEABILITY

Measurements
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What is permeability?

Property of a soil which permits the flow of water

Permeability is defined as the property of a porous material which
permits the passage or seepage of water through its interconnecting

voids.

It is a very important Engineering property

gravels highly permeable
stiff clay —lgast permeable
—

Permeability
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!

Compare

2 minutes

High

Permeability

Low
Permeability

2 hours

200 days

200 years

Clay
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Permeability through soil is important for the following engineering
problems:

-

« Calculation of uplift pressure under hydraulic structure and their safety
against piping
« Ground water flow towards wells and drainage of soil

« Calculation of seepage through the body of earth dams and stability of
slopes

» Determination of rate of settlement of a saturated compressible soil layer
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Flow of water through soils may either be a laminar flow or a turbulent flow

Each fluid particle travel along
a definite path which never

crosses the path of any
other particle

Paths are irregular and
twisting, crossing at
random

Laminar Flow -

freshgasflow.com

Turbulent Flow i

Nc

Jcnnr

tC(

ha T

L"\L"\( ut
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Absolute permeability

= Independent of the properties of

water
= |t depends only on the characteristics
Coefficient Of Permeability of soil
= The absolute permeability only
Depends not only on the properties depends on the geometry of the pore-
of soil but also on the properties of channel system.

water

Relative permeability is the ratio of

effective permeability of a particular fluid to its
absolute permeability.
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,‘%
34

Henry Darcy (1803-1858), Hydraulic Engineer. His law is a
foundation stone for several fields of study

Darcy’s Law

who demonstrated experimentally that for
laminar flow conditions in a saturated soil, the rate of flow
or the discharge per unit time is proportional to the hydraulic

gradient
g=VA
vV =KI
q=KkIA

Validity of darcy’s law - When flow is laminar
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Bernouli’s Equation:

Total Energy = Elevation Energy + Pressure Energy +
Velocity Energy

Total Head = Elevation Head + Pressure Head + Velocity Head

2

V

Total head of water hko#eri;iﬂeer'mgprdrbtemsﬁs equal to the sum of
the elevation head and the pressurezgd pg
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Factors Affecting Permeability

Particle size
Structure of soil mass
Shape of particles
\oid ratio

Properties of water
Degree of saturation
Adsorbed water
Impurities in water
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Constant Head Permeability Test

* Quantity of water that flows under a given hydraulic gradient through a soil
sample of known length & cross sectional area in a given time

« Water is allowed to flow through the cylindrical sample of soil under a constant
head

» For testing of pervious, coarse grained soils

. _OL
Aht

K = Coefficient of permeability
Q = total quantity of water
t=time

L = Length of the coarse soil
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Variable head permeability test

. Lol

Relatively for less permeable soils

Water flows through the sample from a standpipe attached to the top of
the cylinder.

The head of water (h) changes with time as flow occurs through the
soil. At different times the head of water is recorded.

K

~ 2.30aL - h,
At “h,

t = time

L = Length of the fine soil

A = cross section area of soil
a= cross section area of tube

K = Coefficient of permeability
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Permeability in Stratified Soils

Flow parallel to the plans of stratification

I

q = kiA »on
q=k iH = (kH, +k,H, +---k H )i Sl
 _ kHi K H, +- ok H, '
X H :
>

Flow normal to the plans of stratification

L H
J"_ Hl +H2 _I_____I_Hn
k, K, k
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Coefficents of permeadility () : —
Soil type - Parmaabiity Kms Soil Permeability Classes
121 - X
Clean gravel R Permeability is commonly measured
| | e In terms of the rate of water flow
Clean sands | Rao | | through the soil in a given period of
Clean sand and 4 time.
gravel mixtures v
1% S l_ ‘0-!
Very fine sands
QOrganic and inorganic l‘ 0 k
o silts , .
11 Mixtures of sand, sil ModeratJ -0 ol type om/sec ft/min
S“Z';f_:;a:d I Clean gravel 100-1.0 200-20
i ¥
doposis, elc | o Coure s 10-001 2.0~o.027
Impermeable soils ' | Slow' F.lne sand 0.01-0001 0.02-0.002 A
for examole | -] | Siltyclay 0.001-000001 0.002-0.00002
homogeneous clays , T
below the weathernng L 4o C]a} <0.000001 <0.000002
zone : | — —
- | I Practcally |mp;vm'-o.1b;'o
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UNIT Il
STRESS DISTRIBUTION IN SOILS AND
COMPACTION
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TOTAL STRESS

Generated by the mass in the soil body, calculated by sum up the unit
weight of all the material (soil solids + water) multiflied by soil
thickness or depth.

Denoted as o, o,, PO

The unit weight of soil is in natural condition and the water influence is
ignored.

o= 7.2

z = The depth of point



EXAMPLE

O = yt,l X 1 m
= 17 KN/m?

Op = Vi1 X 3m
= 51 kN/m?

Oc =Yyt X3 M+ vy, x4
m

= 123 kN/m?

GD=yt,1X3m+yt,2X4
m + Y3 X2 M

= 159 kN/m?
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EFFECTIVE STRESS

Defined as soil stress which influenced by water pressure in soil body.
Published first time by Terzaghi at 1923 base on the experimental result
Applied to saturated soil and has a relationship with two type of stress
l.e..

— Total Normal Stress (o)

— Pore Water Pressure (u)
Effective stress formula



EFFECTIVE STRESS

Cc=0—U

c=Y,.Z u=y,,.z

S'=(Y;—Yu)Z=Y"Z



EXAMPLE

MAT -

Sand
v = 18.0 KN/m3
vqg = 13.1 kKN/m3

Clay
vy = 19.80 kN/m3
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EXAMPLE

Total Stress

G =Yg1-N+ v -ty hy
c=131.2+18.25+19.8.4.5
= 160.3 KN/m?

Pore Water Pressure
u=ry, . (hy+h,)

u=10.7
=70 kKN/m?
Effective Stress
¢’ =0 -Uu=90.3 kN/m? 6 = ¥g1- M+ (Ve2-1w) - o+ (12 - 7)) -
h3
c'=13.1.2 + (18-10). 2.5 + (19,8-10)
.4.5

= 90.3 kN/m?
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EXAMPLE

Total Stress (o)

Pore Water Pressure

Effective Stress (c')

L)
\")

: 26.2 kP

2.0 26.2 kPa 6 a
71.2 kP :

45 a 46.2 kPa

9.0 60.3 kPa 70 kPa 90.3 kPa

Profile of Vertical Stress
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SOIL STRESS CAUSED BY EXTERNAL LOAD

« External Load Types
— Point Load
— Line Load

— Uniform Load
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LOAD DISTRIBUTION PATTERN

aggregate
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STRESS CONTOUR

OIAMETER 2'a

IFEENNYREREIL,
29 ~

005:\» D iq o159

i
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STRESS DISTRIBUTION

 Point Load




STRESS DISTRIBUTION

 Uniform Load

g.B.L

oO. =
* (B+1z)(L+2)
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Stresses beneath point load

Boussinesq published in 1885 a solution for the stresses
beneath a point load on the surface of a material which had the
following properties:

Semi-infinite — this means Infinite below the surface therefore
providing no boundaries of the material apart from the surface

Homogeneous — the same properties at all locations

Isotropic —the same properties in all directions

Elastic —a linear stress-strain relationship.
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Vertical Stress Increase with Depth

J| Allowable settlement, usually set by building codes, may control the
allowable bearing capacity

 The vertical stress increase with depth must be determined to calculate the
amount of settlement that a foundation may undergo

Stress due to a Point Load
In 1885, Boussinesq developed a mathematical relationship for vertical

stress increase with depth inside a homogenous, elastic and isotropic
material from point loads as follows:

125



Stress due to a Circular Load

=i

 The Boussinesq Equation as stated above may be used to derive a
relationship for stress increase below the center of the footing from a
flexible circular loaded area:

Ao = q, 1—[1+(%I)2}_%
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near elostic assumption

stess
—

overconsolidation clay or dense sgn

normally consolidation clay or loose |sanc

Linear elastic assumption
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|. The Bulb of Pressure
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[1. The Boussinesq Equation
B. The Equation:

T

| L
X
v ={x*+Y2
(erhcal Shess( ARR R=/¥iviiz
2 S z.
T2 R

Horlzontal Sress ("'\ Where v
P 13x*z. (i Y=z _
T 77 XR‘ (] 2»)%;(%5 3 ;>] =0.48

) Poisson’s
Also an equation for o, Ratio ()
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BOUSSINESQ METHOD

0.5

0.4

0.3

0.2

0.1

{a}
T~ T T 7 T T 7 ] T T } 1 71 7 1 T. !

- - | S
-~ | | [ ]
8 | | Q
u -~ 9,=—5N ]
— z ]
~ N = 3/2m |

B r 2715/2 —/
: el _
- z -
o —
—
—
—
—
1
0
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 Point Load

BOUSSINESQ METHOD




BOUSSINESQ METHOD

 Line Load

w

><J>| N

X X=+z°+r"




BOUSSINESQ METHOD

Uniform Load

— Square/Rectangular
— Circular

— Trapezoidal

— Triangle
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BOUSSINESQ METHOD

» Rectangular

m=Xx/z

Z‘ %\ Zggregate
| i lﬂ@l

1{2mn\/m2+n2+1 (m2+n2+2) 1{ 2mn\/m2+n2+1J]
C, = + tan

_q X
0 Al m*+n°+1+m°n? (m2+n2+1) m? +n%+1-—m?n?
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BOUSSINESQ METHOD

» Rectangular

h

33 33

» oO.6 b | 2 =2 a s B8 10
o.28 o.28
> m = 2.5
F /H‘ 3 -
= [ > L2 Ty = 'IZ_{)I Ef?,—
¥ %Gz o= 1.8 b
) Load a, per unit of area o.=2a 0.24
= _ > _ [ 1
™ s ZFsr T F a.z2 o = 1.2 J0o o2
m oand N are interchangeable 3 ] 1 1 & 1
_ / T 1 .{')*
o, = agl O.20 = 0.9 0. 20
T L) T 1
— m = O.8
o. 18] — T T 1T T o 1e
0.01 0.02 O.09 o1 0.2 0.3 0.5 ] ) = Sl
- ys” i L I D
a.16 v / m =0.66!l1l0o. 16
/ — =T T T 1]
O.14 § H Mmoo = 0.5 O.14
. el | 1 T
: i i T
o.12 : : & F < m = o411 0.1=2
— : Pt i = ,’4{' T— T 1|
@i oO.10 i /i . N — 1 { % l
> o T s — 4.0 4 A —t+— o.10
= 4 = A | m = D22
as mo= 2.0 o 4
s o.os o.08
= i 4 LA ,
= o.06 My = 0O_2 =
| W _~ "‘/’—— )
/
o.0ca A A A | 11l aoa
1 /;1‘/ = O,
0.0zZ|—m = 0.5} o = et 1 1 o.02
m = 0.0 == et |
o T l m = 0.0 o
o001 o .02 O. 0 0.7 o2 0.3 O5 Oo81 =2 = =2 e 8 10

Walue of N



BOUSSINESQ METHOD

@ At the center of circle (X = 0)
i

 Circular

z

For other positions (X = 0),

Use chart for finding the influence
factor




BOUSSINESQ METHOD

Circu
I, stress in percent of surface contact pressure
00.1 02 0304 060810 2 3 456 810 20 30 405060 80100
= — /
] — ] HHIH1 .25 1.0 g
=Tl -'::'-'.:" e | | ] -H\ N\ 1/ g
=] Sy , |
~ L DN T~ (2-01 LI (15) L 28] 0.0}
. ~a0}!]T TN % Nl
2 P~ AN 1 0.25,
L 5.0)[ TT11TI, h -\' /, £ (o)t
3 DT T \Y r TN 0.75
L[ Y60 | [[TH NEERIANI )
= [N O NI~ NTT /
S 4 \ _ A Note: Numbers on curves 144
c N \ N Wi / indicate offset distances |[]]
£ NC(8.0 / ] / in radii, x/r. N
£ 5N i Lot
g I\ [\ VYV
E 9.0 'E ‘
SR IR 4 /
1 oo \ | i ;‘ 7
¥, 11 :
\ i/ /§
g J[] /
\ il /
g .

10



 Trapezoidal

luence value, 1

In

BOUSSINESQ METHOD

a/z
0.01 0.02 0.040.06 0.10 0.2 0.4 0.6 1.0 2 3 4 56 8100
.50 | e OFE o.
o.as5 == -l:" -; = == H o.a8
br/z — 1.0 - - "{/ /' PA VA
0.9 — : - -
0.40 - - 0.40
P A -
0.8 = I)[I
Q.7 -]
L e — w4 II v
0.385 o A 0.35
L 7 il L o fII .fl
b/z = 0.5 1— A A
0.30 e /— 0.30
O.4a 4‘" L,
P 7
0.25 - 0.25
0.3
0.20 0.20
—3 2 3 456 B10.0
2= o
0.15 — . 0.15
a—t- b}
o. 11 | a
0.10 > I EALERR <
T R e S S N R
— Q, = unit load of I -
0.05 blnz =0 0.05 embankmento =
o, =1Xq, =
o 1 - -{—L
0.01 0.02 0.04 0.06 0.1 0.2 04 O6 1.0

Value of a/z



« Triangle

influence valug, [

BOUSSINESQ METHOD

0.1 0.2 0.3 0.9 0.6 1.0 2 3 - 5 6 8 10
o225 O.25
[ i l ‘{’ [ ] Values of n o1
—4
o.20 0. 20
] —
=z m=Lsz p s . {
o ; n = B/z A P 2
" P 4 "
’ ]
o, =1 X o, (,/, 1.5 —]— —_— — ——
.15 —F — o115
N fé £ e //
V. /l >
_ VASD.8% 1.0
rr -’,I - ]
fl, L7 17 ~d _',§_ S W ——— —
<10 o - o.10
4a 4 T 14— os
rd o
addd 4// » -
e AT
o »
A - — T
0.05 -~ .05
/,}'4/ T 1 Beneath corner. O
——
s P B g W oz
_/:/ D Sy 1 B —
| —— WP . NIy rvuags s o i -
o ——
0.08
Yalues of n 1. (e
oL Beneath cormer, Q L L
= 1= o6
P
c.0a e b L] P =
s S b e = = il .oa
p a4 —1_ 13 + ———
©.02 _— 0.02
o = o
o1 o2 0.3 O.9 0.6 1.0 10

WValue of m




EXAMPLE

-

 The 5 m x 10 m area uniformly loaded with 100 kPa
Y-~ eE A T

i 5/m

* Question :
1. Find the at a depth of 5 m under point Y
2. Repeat question no.1 if the right half of the 5 x 10 m area were 140



EXAMPLE

Question 1
ltem Area

YABC -YAFD -YEGC YEHD

X 15 15 10 S

y 10 5 5 5

y4 ) 5 S S

m = x/z 3 3 2 1

n=yl/z 2 1 1 1
I 0.238 0.209 0.206 0.18
o, 23.8 - 20.9 -20.6 18.0

o, total = 23.8 - 20.9 - 20.6 + 18 = 0.3 kPa 141




EXAMPLE

Question 2
ltem Area

YABC -YAFD -YEGC YEHD
X 15 15 10 5
y 10 5 5 5
Z 5 5 5 5
m = Xx/z 3 3 2 1
n=ylz 2 1 1 1
I 0.238 0.209 0.206 0.18
o, 47.6 -41.9 -43.8 38.6

o, total = 47.6 —41.9 - 43.8 + 38.6 = 0.5 kPa




—_—

Newmark’s Influence Chart

|

The Newmark’s Influence Chart
method consists of concentric circles
drawn to scale, each square
contributes a fraction of the stress

In most charts each square contributes
1/200 (or 0.005) units of stress
(influence value, 1V)

Follow the 5 steps to determine the
stress increase:

Determine the depth, z, where you
wish to calculate the stress
Increase

Adopt a scale of z=AB

Draw the footing to scale and
place the point of interest over the
center of the chart

Count the number of elements that
fall inside the footing, N

Calculate the stress increase as:
AG =q,(IV):(N)
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NEWMARK METHOD

i=0.001

7
TR,
e ey

Scale of distance OQ =
depth z at which stress is computed

6,=0,.1.N

Where :
d, = Uniform Load

I = Influence
factor

N = No. of blocks
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NEWMARK METHOD

Diagram Drawing
o, =qo{l_|:]_+(r) :| } — > r=[( _&J_ —1]
YA z g,

. Take o,/q, between 0 and 1, with increment 0.1 or other, then
find r/z value

1/2

. Determine the scale of depth and length
Example : 2.5 cm for 6 m

. Calculate the radius of each circle by r/z value multiplied with
depth (2)

. Draw the circles with radius at step 3 by considering the scale at
step 2



« Example, the depth of point (z) =6 m

NEWMARK METHOD

c,/q, Iz Radius (z=6 m) Radius at drawing Operation
0.1 0.27 1.62 m 0.675 cm 1.62/6 x 2.5 cm
0.2 0.40 240 m 1cm 2.4/6 x 2.5 cm
0.3 0.52 3.12m 1.3cm 3.12/6 x 2.5 cm
0.4 0.64 3.84m 1.6 cm 3.84/6 x 2.5 cm

And so on, generally up to ¢,/q, ~ 1 because if 5,/q, = 1 we get r/z = ©
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NEWMARK METHOD

-




EXAMPLE

A uniform load of 250 kPa is applied to the loaded area shown in next
figure :

A { Dimensions in metres) 8
or |
40
l Uniform load, 250 kPa
S ' -
1} *
~ 20 )
= ¥ 1O
g x-
a 1;’
: [~ 20 »{-<+—A40 et 60—
Q-+ :

(a)

Find the stress at a depth of 80 m below the ground surface due to the
loaded area under point O’



EXAMPLE

Solution :

Draw the loaded area such that
the length of the line OQ Is
scaled to 80 m.

Place point O’, the point where
the stress is required, over the
center of the influence chart

The number of blocks are e 0.02
counted under the loaded area

The vertical stress at 80 m is the.,
indicated by : o, =q,.1.N

G, = 250 . 0.02 . 8 = 40 kPa

- {b)

7%

Z

Depth z at which

pressure is computed




Simplified Methods

“d1531pat1on of stress with depth by averaging the stress increment onto an
increasingly bigger loaded area based on 2V:1H.

This method assumes that the stress increment is constant across the area
(B+z)-(L+z) and equals zero outside this area.

The method employs
simple geometry of an
Increase in stress

proportional to a slope of - i £l
2 vertical to 1 horizontal ~ _ g Lol 1 , | Foundation B X 1
According to the method, |, i /= B " ST

the increase in stress is I horizontal Fliioita)
calculated as follows:

q,BL
AG =- - :
(B+2z)-(L+z) V Agr

B+ 2

i
Y
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Westergaard' s Theory of stress distribution

« Westergaard developed a solution to determine distribution of stress due to
point load in soils composed of thin layer of granular material that partially
prevent lateral deformation of the soil.
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Westergaard' s Theory of stress distribution

e Assumptions:
(1) The soil is elastic and semi-infinite.

(2) Soil is composed of numerous closely spaced horizontal layers of
negligible thickness of an infinite rigid material.

(3) The rigid material permits only the downward deformation of mass in
which horizontal deformation is zero.
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Point Load

P
0. =

WESTERGAARD METHOD

Z 2 -

—3/2

Z°T 2 a=
1+ Z(r)
Z




0.5
0.4
0.3
0.2.

0.1

WESTERGAARD METHOD

TTTTTTTTTT

IIT[/T!T

|
|
!
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|

WESTERGAARD METHOD

|

Circular Uniform Load

G, =l

( )

1JV)2

Jl—Zv
a=
2—2V
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WESTERGAARD METHOD

= B 10
T
1 +1+1]0.24
&"'db -y
1 [=] f 0.22
. L )
| % 2.5H .20
, -
ST e
1.9 0. 18
T B = 0.2 0.4 0608 // T 1 1t a—
- - - - A h—1 .
i !0, 1 77 — RS
— ‘1 ._U:l,
# =+-0.5906.14
Radag - Y ~——17 L1 ol
= B/m e - L Y078 97 B N
™ a_ncl N are iNnterchangeakble Gr /%F’_—- IQGL o.12 o
o, = aql_ ) .y A r’/ L Il
2 -~ 0.5 0.10
Poisson’s ratico = O // A I"// vt
. oz
'{/ ) — O-I“F 0.08B
‘Jj 7 . // %4!
; h2 ..-/ L] —2.37 6 ns
] ,7,/," -l L1
* 0.2
]I I/ ] " O.04
,/:4-‘"/ I = 272 0.02
T 1 Vl L 0‘1"___.-.—_. | m I= [OI 0
0.0 .02 0.04 006 0.1 0.2 0.4 0.6 1.0 b4 L. s 10
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BOUSSINESQ VS WESTERGAARD

-

Square area load, p

q per unit area

|*—-*-S|de a- ——*l/

a/z ‘ Boussinesq

Westergaard

o ' 1.0000 1.0000
20 0.9992 0.9365
16 0.9984 0.9199
12 0.9968 0.8944
10 0.9944 0.874
8 0.9892 0.8435
6 0.9756 0.7926
5 0.9604 0.7525
4 0.9300 0.6971
36 0.9096 0.6659
32 0.8812 0.6309
28 0.8408 0.5863
24 0.7832 0.5328
20 0.7008 0.4647
18 0.6476 0.4246
1.6 0.5844 0.37%4
14 0.5108 0.3291
12 0.4276 0.2858
1.0 0.3360 0.2165
0.8 0.2410 0.1560
0.6 0.1494 0.0999
04 0.0716 0.0477

02 0.0188 00127
0 0.0000 0.0000

*After Duncan and Buchignani (1976).
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BOUSSINESQ VS WESTERGAARD

Strip load
q per unit

o,=4ql,

i-— b—

Width of load

b/:z Boussinesq Westergaard
0 1.000 1.000
100 1.000 0.990
10 0.997 0.910
9 0.996 0.901
8 0.994 0.888
7 0.991 0.874
6.5 0.989 0.864
6.0 - 0.986 0.853
5.5 0.983 0.835
5.0 0.977 0.824
4.5 0.970 0.807
4.0 0.960 0.784
35 -0.943 0.756
30 0.920 0.719
25 0.889 0.672
20 - 0.817 0.608
1.5 0.716 0.5:9
1.2 0.624 0.448
1.0 0.550 0.392
0.8 0.462 0.328
0.5 0.306 0.216
0.2 0.127 0.089
0.1 0.064 0.045
0 0.000 0.000

*After Duncan and Buchignani (1976).-
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BOUSSINESQ VS WESTERGAARD

-

Boussinesq Case

L/=z

B/ = 0.1 0.2 0.4 0.6 0.8 1.0 2.0 oo
0.1 0.005 0.009 0.017 ‘0.022 0.026 0.028 0.031 0.032
0.2 0.009 0.018 0.033 0.043 0.050 0.055 0.061 0.062
0.4 0.017 0.033 0.060 0.080 0.093 0.101 0.113 O.115
0.6 0.022 0.043 0.080 0.107 0.125 0.136 0.153 0.156
0.8 0.026 0.050 0.093 0o.125 Q.146 a.160 0181 O.185S
1.0 0.028 T~ 0©0.05s 0.101 0.136 0.160 0.175 0.200 0.205
2.0 0.031 0.061 0.113 0.153 O.181 0.200 0.232 0.240
oo 0.032 0.062 0.115 0O.156 0O.185 0.205 0.240 0.250

Westergaard Case
L/=z

B/ 0.1 o2 0.4 0.6 0.8 1.0 2.0 oo
0.1 0.003 0.006 0.011 0.014 0.017 0.018 0.021 0.022
021 0.028 0.033 0.036 0.041 0.044
039 0.052 0.060 0.066 0.077 0.082
052 0.069 0.081 0.089 0.104 0.112
] 060 0.081 0_.095 0.105 0.125 0.135
q per unit area 066 0.089 0.105 0.116 0.140 0.152
077 0.104 0.125 0.140 0.174 0.196
082 0.112 0.135 0.152 0.196 0.250

ignani (1976).
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What is compaction?

=

A simple ground improvement technique, where the soil is densified through
external compactive effort.
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Laboratory Compaction Test

_| - to obtain the compaction curve and
define the optimum water content and
maximum dry aensity for a specific

compactive effort.
Standard i hammer |\/|Od|f|6d
Proctor: Proctor:
« 25 blows per layer lﬁ{é; - 4.9 kg hammer
3 layers "“ 'j * 450 mm drop
- 2.7 kg hammer fk P
Y 5 layers
« 300 mm drop
* 25 blows

1000 ml compaction mould

per layer
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Earthmoving Equipment

N J
MR

ot -.
TG il
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UNIT IV
CONSOLIDATION
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What is Consolidation?

|

-
When a saturated clay is loaded externally,
bbbl o
saturated
clay

the water is squeezed out of the clay over a long
time (due to low permeability of the clay).
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What is Consolidation?

-

This leads to settlements occurring over a long
time,

settlement

time

which could be several years.
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In granular soils...

|

-

Granular soils are freely drained, and thus the
settlement is instantaneous.

A

settlemen

time
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During consolidation...

)

Due to a surcharge ¢ applied at the GL,

the stresses and pore pressures are increased at A.

q kPa
Lidedededodv by by by bidy o .and, they
| { i vary with
A Ac’ time.

saturated clay
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During consolidation...

-
Ao remains the same (=q) during consolidation.

while Ac’ intransferring the

AU decreases (due tO load from water to the soil.

drainage) increases,
q kPa Ac
w3y

GL

Ac Ac’
ﬁ{ . :
A

Ac’

saturated clay q

v
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AH -Ae Relation

-
_ AH
average vertical - —
strain = °
q kPa
bttt bbb bbb bbb » q kPa
TETEESTR N TRTRT R FAT
H,
saturated saturated
Chyeo | cléyf g, - Ae

Time = 0 Time = o
169



AH -Ae Relation

-

Consider an element where V, = 1
in Itla I va ] IAe

S FiE g

1

Time = 0* Time = «
_ Ae
.average vertical Tie

Stl‘a | n = 170



=

AH -Ae Relation

-

Equating the two expressions for average
vertical strain,

consolidation
settlement

. —

AH _ A

change in void
ratio

H  1l+e

0

initial thickness of

clay layer

initial void
ratio
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| Coefficient of volume compressibility

denoted by m,
Mv is the volumetric strain in a clay

element per unit inCrease
In stress
d
|.€ m =

_ changein volume
original volume

kPa-! or MPa-! vkp\aor MPa
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Consolidation Test

-

simulation of 1-D field consolidation in

lab.
L L A
GL M

.cf’«s:fumr‘.~-.i> parous stone

undisturbed soil

D ; specimen /metal ring
Dia = 50-75 mm (oedometer)

Height = 20-30 mm
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Consolidation Test

|

allowing full consolidation before next increment

0

loading in
Increments
AQ, AQ,
i TAH, Y¥ryvvevw I A A
H, €, e,- Ag,
!
Ae, = AR, (1+e,)
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Consolidation Test

VYV YV YV Y
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e —log o, plot

void ratio

A

- from the above data

unloading

o, decreases &

e increases (swelling)

loading
o, increases &

e decreases

4

log 6,/
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Compression and recompression indices

void ratio

~ compression index

C, ~ recompression index
(or swelling index)

T

4

log 6,/
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Virgin Consolidation Line

-

vy
vy
vy
vy
vy
Jedediil

(D

void ratio ©

A L
original

State

virgin consolidation line
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Overconsolidation ratio (OCR)

Lo,

Field

(D

void ratio ©

A

original
State - - - - -
virgin consolidation line




Overconsolidation ratio (OCR)

@® —current state

®OCR=13 Normally
consolidated
2 clay
©
O
S @®OCR=13
Heavily

overconsolidated clay

Slightly
overconsolidated clay

y

log ¢,
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Settlement computations

Two different ways to estimate
the consolidation settlement:

LLLbiidggdll)) (@usingm,

settlement = m, Ac H

e | (b) using e-log o, plot

€or Oyo 7 Cor
C.,op, M,
-oedometer
test

/' next slide
H

1+e

0

settlement =
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=

Settlement computations

= - computing Ae using e-log o, plot

If the clay iIs normally consolidated,

the entire loading path is along the
VCL.
eo“ (.iarlliti
o, +Ao’
N\ Ae =C, log —°—
Gyo Oy T

9

Ao
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Settlement computations

|

= - computing Ae using e-log o, plot

If the clay Is over consolidated, and remains so
by the end of consolidation,

o, TAC

GV(/

note the use of C,

Ae =C, log
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Settlement computations

|

- ~ computing Ae using e-log o, plot

If an overconsolidated clay becomes
normally consolidated by the end of
consolidation,

G 1 1
Ae=C_log—=+C_log Ov +A0

O\ o,
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Preloading

— | Piezometers measure pore pressures and thus
Indicate when the consolidation iIs over.

DIAPHRAGM PIEZOMETER

DP2

Pore water pressure

» Measures pore water
pressure at specific
depths

» Excess pore water
pressures arerelated
to primary
consolidation of clays
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Preloading

v

Installation

Prefabricated Vertical Drains to Accelerate Consolidation
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Prefabricated Vertical Drains

e R - .
7 ESOw e——— 1./
— ! o TN I s

= F W

ffu;‘;.:? 2
‘é] i |

Installation of PVDs
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-

UNIT V
SHEAR STRENGTH OF SOILS
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Shear failure

j Solls generally fail in shear

embankment /
strip footing ’
< L/ N4
failure surface mobilised shear

resistance

At failure, shear stress along the
failure surface reaches the shear
strength.
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Shear failure

failure

“— surface
The soil grains slide over
each other along the failure
surface.

No crushing of individual
grains.
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Shear failure

At failure, shear stress along the failure surface (t) reaches the
shear strength ().
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Mohr-Coulomb Failure Criterion

7. =C+otang

C

cohesion

»
»

)

T, IS the maximum shear stress the soil can take without failure, under
normal stress of c.
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Mohr Circles & Failure Envelope

—_—

|

2l

X

X

Soil elements at

different locations

X ~ failure
Y ~ stable
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Mohr Circles & Failure Envelope

Jl The soil element does not fail if
the Mohr circle is contained
within the envelope

A

' c.+A

Initially, Mohr circle is a point | AG -
C 0)
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Mohr Circles & Failure Envelope

As loading progresses, Mohr
JI circle becomes larger...

by
<
1
Q

—
—¥D._ -

@)

C
.. and finally failure occurs
when Mohr circle touches the
envelope
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Orientation of Failure Plane

Failure plane
oriented at 45 + ¢/2
to horizontal
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Mohr circles in terms of ¢ & &’
| HG

X[ = Ox/=Ph 4 Dixu

|

—>
-y

—

—>




Envelopes in terms of ¢ & ¢’

fldentical specimens initially N
subjected to different l A
isotropic stresses (c,) and O
then loaded axially to failure i
v O 1
s O — 5
[ Oc RS
ififi .
Initially. .. Failure
l«m T
At failure, i - — t!n terms
0;=0, G, =0 +Ao'f O;f 0]

c,
P e men uf_’l«m = i§i terms

of o’
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Triaxial Te

st Apparatus

soil sample at failure

perspex cell

cell pressure
back pressure

N\

ply deviatoric stress)

-

N

: AR AT I
DA

.

| O-ring

Impervious
" membrane

\ porous

|~ stone

— water

/;ff’f/ffff;’;’ff

pedestal

7 epesues

volume change
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Types of Triaxial Tests

vy

v
freett

fres

Under all-around
cell pressure o,

Is the drainage valve open?

yes no

Consolidate
d sample

Unconsolidate
d sample

l l l ldeviatoric stress (Ao)
vy

v
freett

fres

]

Shearing (loading)

Is the drainage valve open?

Drained Undrained

loading loading
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Types of Triaxial Tests

j|—DeperrdirrgTrrrwhether drainage is allowed or

not during

¢ Initial i1sotropic cell pressure application, and

+» shearing,
there are three special types of triaxial tests that

C_ /7 A&
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For unconsolidated
undrained test, In
terms of total

stresses, ¢, =0

For normally consolidated
clays,c’=0 & c=0.

Granular soils have
no cohesion.
c=0&c=0

_—
@4/.4 FAAELS

i GENT[E REMINDER ...
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64~ 63 Relation at Failure

j N HG1

«—

— X‘_ 03

N

soil element at failure

0] 0]

3 1
o, = o, tan’(45+ ¢/ 2) + 2ctan(45+ ¢/ 2)
o, =0, tan’(45—¢/2) — 2ctan(45— ¢/ 2)
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Stress Path

I Stress path
t Ioadlng... 1 is the locus
Stress path

v

Stress path is a convenient way to keep track of the
progress in loading with respect to failure envelope.
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Failure Envelopes

T t %
e
) Ao:.(;@

/ o ©
c C oS ¢{ ,®  stress path
. )

During loading
(shearing)....
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Pore Pressure Parameters

-
A
|| Ao
H 1
e ‘T Ao
H AU3=
AU =

A simple way to estimate the pore pressure

change in undrained loading, in terms of total

stress changes ~ after Skempton (1954)

Skempton’s pore
pressure parameters A
and B

B[A03 + A(Ao, —Ac,)]
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