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The angularity of q bulky Particle, A is defined as

Average radiug or
e . LC radiny of corne
Radius of the

s andd edgey
MAX i ingepihe sphere

i : f( 4
De = equivalent diameter of the particle = 327
g

[
V' = volume of particle
L, =length of particle

Flaky particles have very low sphericity, usually 0.01 or less. These
particles are predominantly clay minerals.

Needle shaped particles are much less common than the other two
tyoes of particles. Coral deposits and attapulgate clays are the

exangizs of needle shaped particles.
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M .Effective size: g t
of the passing by weight
smaller than effective size

he grain size co
That is 10 perc

rresponding to 10 percent
ent of the materials are
IS termed by D,

Dayx D, | (3.4)

Whe;‘ﬁ, DB? is Thg Qiamefer corresponding to 30 pe~cent ffﬁer. A
coarse grained soil is considered well graded if the coefficient of

curvature, Cz is between 1 and 3 and Cu is greater than 4 for
gravels and 6 for sands.

m Sorting coefficient of curvature, S,: This is another
parameter to measure uniformity and is generally used by the
geologist. The use of sorting coefficient is not frequent in
geotechnical engineering.

S f)FJ'
" 3.5)
D> - .
The definition of The sizes of the particles is illustrated in Fig. 3.16.
1w
80 F
75 |oom -
v
o
é a0k
FT ) e
25
20 -
10} -

) -
1Y)

Prarticle s [RTTLLE

initi sizes of the partcles
Fig,@/ﬁ: Definitions ojc the si

-t
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Jifstrative Examples

grain size analysis of a sandy soil, grain Size
drawn and the following results yen,
o = 0.20 mm and Deo = 0.40 mm. Comment

Examp/e\/-/ From the data of @
distribution curve Was
obtained: Do = 0.06mm, D3
on the gradation of the soil.

Bﬂ:-o—‘qﬂ:667

Solution: Um’ﬁ;rmifyC'Uﬂ’f]'{""fem’C” - D, 0.06

r

(Do) __ 0.20°

_ =1.67
Dy* Dy 0.06x0.40

Cocfficient of curvature,C, =

Uniformity coefficient is greater than 6 and coefficient of
curvature is in between 1 and 3. Both of them satisfy the criteria of
well graded soil. So, the soil is well graded.

Examp/a,é A sample of soil was tested for liquid limit in a cone penetrometer
and the following results were obtained.

Cone penetration (mm) 16 18 22 25 30

Water content (%) 33 40 50 63 83

T

Determine liquid limit and check . .
the data. eck the results for single Point method using any of

Solution:  For the data the

Check for one point method

The point considered s (w=40)
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Cone Per.etration (mm)

‘and w the water content. Noy Using Eq. (3.7
: q. (5.

)

W

" 0.65+0.01755

) 40
- T
0.65+0.0175x18 ~ *2

135

Therefore, one point method
as compared to actual value of 46

32"'ff;t1

o
[==]

o
-

16

gives a lower value of liquid limit (42)

Fig. E3.1 Moisture content vs Cong._

100
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Solution:

oy sample s ¢ volume of 625 e "9 0 weyg,
A saturated ClOY le attains @ volume of 47.8 cm’®q dﬂwg?
¢ shrinkagé limit of the soil, e

(saTur'aTed) condition = 1173 5

3
Volume of initial water = 31.7 cm”.
3

Volume of soil solid = 62.5 - 31.7 = 30.8 cm”.

Volume of water required 10 saturate the dry sample = 478 - 0

17 cm’. e = 17
Weight of water fo safurate the dry sample = 17g.
That is, weight of water at shrinkage limit = 17 g.

w, |7

Therefore, shrinkage limit, ', =~ 100 = e 100 =19.9 (%)
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Table “ Typical values of |;

e ————e

"/ Soil ""‘*———-—-m__f_______m___‘__ tkins, 1597)
— \quid limit, w, [ Plastic fimit w.
— — . L Plastic limit .
Silt clay mixtyre h’ég";i“d-—_ﬁ[h e
Kaolinite claw | ———— | 20-30
e e CIGY 40_70 ! 20-40 e R, |
Montmorillonite clay '_'_—_‘3_{]“0—_86—6—“— 50500 —
{ (0-20C

Pl.as’nci’ry index is sometimes used to describe the soils. Tasle 34
gives a description of soils in ferms of plasticity shows ’i‘rs relation
with dry strength. The relevant field tests for the soils cre also
mentioned in the Table,

Table3/4 Plasticity of soils (cfter Atkins, 1997)

Plasticity | Term used Dry strength Field test
index, Ip | for the soil ! |
0-3 Nonplastic Very low | Grains fall apart easily |
46 Slightly Low | Easily -crushad by |
plastic fingers |
715 Moderately Low to i Slight pressure 1
] plastic medium required To crush
16 - 35 Plastic Medium o high | Difficult fo crusn
Highl i | Impossible fo crusa
| Over 3 pla%s’riz g = witi fingers |

The current state of a soil, in Terms of Afterberg limifs, is
defined by the liquidity index (I, or LT) which can oz expressed as

1 _ H)” == W!; — “}” - H”;"_ ’ (3 9)
L'~ ) — W [ '
]1 L P /

: T s ity, wheregs, stiff clays may
liquidity index near to unity, _ S
Soft soils have lig y A “ve ¢ liquidity index greater

have values near fo zero. ‘Quick clays n
than 1.0.

; sty index (I 4
Toughness index, Ir is defined as the rato of plasticity index (I:) 1o

the flow index (If). That is,

) a-
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alcu‘m‘ed in Two ways
i limit of the soil C‘?n :? Tﬁe, soil solids is known or
The shrmkag: ther the Specific gravity
considering whe

i let,
unknown. Referring 10 Fig. 3.25,

W - weight of wel soil in ’rheT sh}';mnkage dish
v,‘ _ volume of wet solil (or d\:.j |

W, = weight of dry SOI.I pat (v ;

Vg - volume of dry soil pa‘rll( slids

Gs - specific gravity .of soil 0

p pecific ravity
\{hrinkaqe limit expression for unknown S ecific g

. : the imitial and final
nati ied in this case are |
The determinafions require , : -ish. Thus,
weTQhTs and volumes of the soil samples in the shrinkage ¢!

Initial weight of water . = Wi-Wa

Volume decreased (Shrinked) = Vi-Vg

Weight of water occupying shrinked volume = (Vi-Va)yw

Weight of water at Shrinkage limit = (Wi-Wg) - (Vi-Va)rw

Therefore,

Weight of Weter at Shrinkage  Limit
ShrinkageLimit,W, or SL = alili - ‘ _fj_____f_h__ e
Weight of Soil Sulid

G - W )- (Vi -V )y,

W,

(3.12)

\éhrr'nkaqe limit expression for known specific qravity

If the specific grclwi’ry. Gs, of the soil solig is known (prodetérmined),
the only data r-.gqmr'edl‘ro be determined during this test is the weight
and volume of the soil pat in dry state, | ot \y the dry
weight and volume of the soil pat respe ’ d and V4 be

Ctively. As such a3
Volume of void at shrinkage limit e

(Vd-Wd
- '(Vd-Wd/ G_

4§ o

Weight of water required o fjj| the void
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therefore,

'Sh””kag(_’l,"'m[{, "Vf orSl = "_Vi-’_"'j.{fﬁ_u/'}l/mw,”f Shiriiketee Lim it

IV H’d) W(:;gj” of Soil Solid
e ) ( Y (7% 1%
2 G N\ Va1 1/ 3.13)
W ——< |3
o '.\ Wd Ga,ll "

\ﬁnear shrinkage test

The linear Shrink‘]Qe IS a measure of degree of decrease of ¢
soil sample in one dimension. The apparatus, Fig. 3.26, mainly
consists of a brass mould having a length, L., and semi-circular cross
section, where the soil paste (slurry) is placed tfoking care not fo
entrap air. The surface of the soil paste struck off level Similar to
that of shrinkage limit test, the sample is initially dried in air until it
shrunk«lear of the mould and then placed it in an oven to complete the
drying. After cooling, the length of the semple, L. is measured and tre
linear shrinkage is obtained as follows:

Lincar Shrinkage, LS(%) = {/ —~ ],::r_jr}:{;/%:::l; } x 100

(3.14)

\ ‘I'm J
For sous o in veiy small clay conteril itz liquid and plastic limits may
s v / ults. An approximation of the plasticity index

-liable res | |
:TTOT pEJOdl;(l;ia:ned by measuring the lineur shrinkage and using the
ay e

following expression (Whitlow, 1996).
/. =2.13LS (3.15)
p =2

Shri limit and linear shrinkage, along_ with the gfher soil Tes_‘r

rinkage limiT anc dication of the swelling properties of the soil.
results, can pr;wude !nmsJr results are not directly used in any
However, shrinkage Table 3.5 presents quclitative swelling potential
classification Scmm:,'.;n:age limit, linear snrinkage and other soil
of soils against S

properties.

-
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\fmﬁicny Index: Plasticity index (I, or PI)
content within which the soil remains in th
equal to the difference between the
plastic limit (wp).

iquidity Index: Liquidity index (T ' ' '
between the natural water con‘re(n; ?EQL;\)GISST'T‘h Iej r"GTfO | dlffer?n'ce
B acaiten bYEa (oo 'Cimit to the plasticity

is the range of water
e plastic state. It is
liquid (w,) and the
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hd it behaves as q liquid. When the soil is at

the plastic limit ; T
quaijify inde;mi‘:d-ﬁs liquidit index is zero. Negative values of the
'cate water content smaller than the plastic limit.

The soil is then in q hard (desiccated) state,

\(Z/o!nms’rency Index: Consisfency index (Ic, CI) or relative

clonISls‘_rer.'lcy is defined as the ratio of the difference between the
liquid limit and the natural water content to the plasticity index of soil.

[ = 2L W Z W,
“"JL - H"!J !]’

Where, w, = water contents of the soil in natural condition. The
consistency index indicates the consistency (firmness) of a soil. It
shows *the nearness of the water content of the soil to its plustic
limit A soil with a consistency index of zero is af the liquid limit. It

is extremely soft and has negligible siici~ o ength. On ihe other
' ' ' a water ceniznt equal to the plastic limit and no. -

COﬂl‘S;ST.enC'Y |ndgx Of 100%, indiCﬂTing that the soil is rela’riveiy fir‘m. A
consistency index of greater thac 100% shows that the soil is
r‘.e'la'rive]y ST!"OHQ m'n The S€m|*50|ld STGTE A negﬂtive VG!UE Of

consistency index is also possible, which indicates that the water
content is greater than the liquid limit, The consistency index is also
known as relative consistency. It is worth noting that the sum total
of the liquidity index and the _consisTency index is always equal to
100%, indicating that a soil having a high value of liquidity index has
a low value of consistency index and vice-versa,

\Vﬂ)w Index: Flow index (If) is the slope of the flow curve (a
) obtained between the number of blows and The water

-33-

straight line
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. f deferminaﬁon of the liquid limit,

content in Casagrande's method ©

B el
- —
o0 i)
log

& looses its shear

ch a soil mass

"The flow index is the rafe at whi tent. Fig. 3.28 shows the flow

% . . ; ter con
" strength with an increase In wa _ . ter value of
cur-vegs of two soils (1) and (2). The soil (z)duw’fh GSE'JSZG lower shear
. . er slope an poSSG
flow index indeed has a sTecp 3 tter slope. In order fo

with a fla [n_ord:
e same amount, the soil with a

f blows, and, therefore, has

strength as compared to soil (1)
decrease the water confent by th

“steeper slope takes a smaller number 0
lower shear strength.

00
[ 4 e “’l““’z_
50 | w, U Togy (NN
1
40 | wy(1) : ~(h
e /
--_-——-—-.c-—--’-—‘-—l
30 !
. : ’
:'u (] :
= ' '
= ! I
& ! |
= :
§ 7 :
w ! &
< ‘ |
" i
2] by ™ — '
15 '—{-—--u-—-.-.._..___'ij-:‘ugl E
S - X
] ¥ '
: ! !
10 " ' !
| | '
I L]
! : :
! - 1
5L "N, ! :
—————
F Numberufmwhm 16
9. 3/ Compar
pﬂr‘lson Of Fl
ow I :
‘ ndex
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qéughness Index: Tou
) o ghness ; .
o the plasticity index SS index of g sgil 1s defined as the

. LI L =

1) w ’
I =L L =wp (”"L—W{’) oo
R — X log ——
27w (wz-—w;) ",
)
log ™!
15
The toughness i il i
| 9 s index of a soil is a measure of shearing strength of the
soil at the pl

o bet gsiic Iu_’n:f__ Let us assume that the flow curve is a straight
ine befween the liquid limit and the plastic limit. As the shearing

et 1 . . .
resistance of the soil is directly proportional to number of blows in
Cassgrande’s device

kS, =n; and, kS, =n,

Where,
n, = number of blows at the liquid limit when the shear
strength is S_
n> = number of blows at the plastic limit when the shear

strength is Sp

If wo=w,, nz= n_cnd ni=1, Then

{P W, —Wp (WL - W{J)
[]. = — = =7 ‘

r

N
x:’og—!
. [', _'\“ :—_‘. .{;,2 - ”'! . '_
",

log —
>
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Soil Investigation!!  Sub-soil Exploration!!

Site Exploration and Characterization

— —

The process of exploring to characterize or define small scale
properties of substrata at construction sites is unique to
geotechnical engineering. In other engineering disciplines,
material properties are specified during design, or before
construction or manufacture, and then controlled to meet the
specification. Unfortunately, subsurface properties cannot be
specified; they must be deduced through exploration.

Charles H. Dowding (1979) Coduto p.46



Bore-log

The detailed information gathered
from each borehole is presented in a
graphical form termed as ‘boring log’
or ‘bore-log’

A bore-log usually contains:

1. Name and address of drilling company
Project name & Location of site

Date of boring

Bore-hole number and type of boring
Sub-surface stratification

RL of GL and elevation of water table
SPT-N value

Number, type and depth of soil
sample collected

o8 A D e 08 e

Bangladesh University of
Engineering & Technology

Project - ETP of ACME Laboratories Ltd. at Dhamrai, Dhaka

Borehole no. - 1

Location of Borehole - Shown on separate drawing
Top of Borehole is about 14 ft below the road level

Ground water table - Near the ground surface

& CEE iy .
| Description of soil strata | & | &5 Depth (ft) ~ SPT N values Soil properties
ey & |58
0 10 20 30 40 50
G T I T l T | T I T 0
1 D1 S EEE
] Light grey silty clay
10 D2 - 10 LL=33
] I PL=26
i PL-
D3} PI=7
20 Dark grey clay D4 120 _
1 organic content PL=26
_ D5} PI=7
30 ] D8 + 30
1 Dark grey clayey silt
] D7 F Loss on
] burning=33.7%
<] D8 - 40
- D9 +
] Dark grey clay ]
50— D10 - 50
| D11
60 D13 460
1 D13
70 D14 470
- Light to dark brown D15
80—- fine to medium sand D14 dso
] D17
90-: D1§ - 90
o 10




Soil sampling

Two types of samples may be obtained
Disturbed samples
Undisturbed samples

A disturbed sample is one obtained with no attempt to retain the in-place
structure, however there is no change in the constituents/composition.

In a strict sense no sample is perfectly undisturbed, what we mean is that
the disturbance is small

The samples must be representative (disturbed or undisturbed)

Both disturbed and undisturbed samples are collected as the bore-hole
proceeds



The kind of samples that should be obtained from an exploratory drill hole depend
on the purpose for which the exploration is made.

Disturbed samples can be used for Undisturbed samples are required for
Visual observation and classification Consolidation test

Grain size analysis Shear strength (Direct shear, Unconfined
Sp.Gr. determination compression, Triaxial test)

Atterberg limits determination Permeability, Hydraulic conductivity

Organic content determination
Chemical tests (pH, chloride, Sulfate etc.)

For proper identification and classification, representative samples are required. A
representative sample is one that contain all the constituents in their proportions.
Such samples are adequate for visual classification, mechanical analyses,
determination of Atterberg limits, Unit weight/Sp.Gr of solid constituents,
chemical/organic content etc.

Mechanical properties of the disturbed soil samples are significantly altered by
the sampling process. For determination of stress™~strain characteristics or density
of the soil strata we need samples that have undergone negligible deformation
during sampling. Such samples are called undisturbed, although a certain amount
of disturbance is regarded as inevitable.



SPT and disturbed sampling

When a borehole is extended to a predetermined depth, the drill
tools are removed and the sampler is lowered to the bottom of the
borehole.

The sampler is driven into the soil by hammer blows to the top of
the drill rod.

The standard weight of the hammer is 140 Ib (622.7 N) and for
each blow the hammer drops a distance of 30 in (0.762 m). The
number of blows for three 6” (152.4 mm) intervals of the spoon are
recorded. The number of blows required for the last two intervals
are added and is termed as the N-value (or SPT-N or Standard
Penetration Number) at that depth.

The sampler is withdrawn, the shoe and coupling are removed and
the soil sample recovered from the tube is collected (disturbed
sample).



Field Tests / In-situ Tests

Standard Penetration Test
Vane Shear Test

Cone Penetrometer Test
Pressuremeter Test
Dilatometer Test

Dynamic Penetration Tests (DPL, DPM, DPH, DPSH)



Standard Penetration
Test (SPT)

Advantages

Simple equipments

Low cost

Do not require much expertise
for field operations

Disturbed samples are collected

Disadvantages

Much variation in the results
i.e. poor repeatability

Coduto/Geotechnical
Engineering, Principles and
Practice/p71

Donut Hammer -

Slip or Guide ——

Pipe
Anvil

Drill Rod ——

Ground Surface

\ NS/

Figure 3.25 The SPT sampler in

place in the boring with hammer,
rope, and cathead (Adapted from .
Kovacs, et al., 1981).

Typically 1-in. (25-mm)
Diameter Manila Rope

Rotating
Cathead

T
(762-mm) Fall

| |
:L: \~——— Bore Hole

|r Rl 1]
||: 1
I - | -

o

I 18 in. (457mm)
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2.15 CONE PENETRATION TEST

The cone penetration test (CPT), originally known as the Dutch cone penetration
test, 1s a versatile sounding method that can be used to determine the matenals in
a soil profile and estimate their engineering properties. This test is also called the
static penetration test, and no boreholes are necessary to perform it. In the original
version, a 60° cone with a base area of 10 cm® was pushed into the ground at a

steady rate of about 20 mm/sec, and the resistance to penetration (called the point
resistance) was measured.

The cone penetrometers in use at present measure (a) the cone resistance (g.)
to penetration developed by the cone, which is equal to the vertical force applied
to the cone divided by its horizontally projected area, and (b) the frictional resistance
(), which is the resistance measured by a sleeve located above the cone with the
local soil surrounding it. The frictional resistance is equal to the vertical force ap-

plied to the sleeve divided by its surface area — actually, the sum of friction and ad-
hesion.

Photograph of a

cone penetromete:/



Advantages of CPT

= CPTis a useful means to determine the soil profile. Since it retrieves data
continuously with depth (with electric cone) or at very close interval (with
mechanical cone), CPT can detect thin layers in stratigraphy. Sometimes use of CPT
in the first phase facilitate better specification for boring and sampling in the
second phase.

= |tis also less prone to error due to automated operation of the equipment and
electronic data recording.

Disadvantages of CPT

= No soil sample is recovered. So no opportunity to inspect the soils.

= The test is unreliable or unusable in soils with significant gravel content.

= Although the cost per foot of penetration is less than that for borings, it is
necessary to mobilize a special rig to perform the CPT. CPT at a certain site may not
be possible from the point of equipment mobilization.



Vane Shear Test

The vane shear test (ASTM D-2573) may be used during the drilling operation to
determine the in situ undrained shear strength (c,) of clay soils — particularly soft
clays. The vane shear apparatus consists of four blades on the end of a rod, as
shown in Figure 2.24. The height, H, of the vane is twice the diameter, D. The vane
can be either rectangular or tapered (see Figure 2.24). The dimensions of vanes
used in the field are given in Table 2.6. The vanes of the apparatus are pushed
into the soil at the bottom of a borehole without disturbing the soil appreciably.
Torque is applied at the top of the rod to rotate the vanes at a standard rate of
0.1°/sec. This rotation will induce failure in a soil of cylindrical shape surrounding

the vanes. The maximum torque, 7, applied to cause failure is measured. Note
that

T=flc,,H and D) (2.13)

or
T
K
where Tisin N-m, and ¢, is in kN/m?
K = a constant with a magnitude

depending on the dimension
and shape of the vane

(2.14)

C, =

RE2.24  Geometry of field vane (after ASTM,
1992)

Field Vane

L6/P17
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Advantages and Limitations of Field Vane Shear test

Field vane shear tests are moderately rapid and economical and are used exten-
sively in field soil-exploration programs. The test gives good results in soft and
medium-stiff clays, and it is also an excellent test to determine the properties of
sensitive clays.

Sources of significant error in the field vane shear test are poor calibration of
torque measurement and damaged vanes. Other errors may be introduced if the
rate of vane rotation is not properly controlled.

For actual design purposes, the undrained shear strength values obtained from
field vane shear tests [c,qsn] are too high and it is recommended that they be
corrected, or

Eal-:merh:dh = Ac-[‘n“.?n {E.lgj
where A = correction factor

Several correlations have been previously given for the correction factor, A, and
some are given in Table 2.7,

Undrained shear strength, pre-consolidation pressure and OCR can be determined

using appropriate correlations.

L6/P19



Slope

An EIPD_S-Eﬂ ground surface that stands at an angle with the horizontal is called an
unrestrained slope. The slope can be natural or man-made. If the ground surface is

not horizontal, a component of gravity will tend to move the soil downward. If the
component of gravity is large enough, slope failure can occur.,

Slope Stability Analysis

In many cases, civil engineers are expected to make calculations to check the
safety :?f natural slopes, slopes of excavations, and compacted embankments. This
ﬂhﬂﬂk_mvulw:s determining and comparing the shear stress developed along the
most likely rupture surface with the shear strength of the soil, This process is called

slope .'I:!ti:bﬂﬂ_? analysis. The most likely rupture surface is the critical plane that has
the minimum factor of safety.

A

Potential
777 rupture/failure
surfaces

12



Factor of Safety

As engineer we need to ensure the safety of a slope through determining the factor of safety. The factor of safety is

defined as Ts

F =

S
Where Ty

Fs = Factor of safety with respect to strength
T; = Average shear strength of the soil
T4 = average shear stress developed along the potential failure surface

The shear strength of a soil consists of two components, cohesion and friction,
and may be written as

7=c+otan ¢ (13.2)
where ¢ = cohesion

¢ = angle of friction

o = normél stress on the potential failure surface

In a similar manner, we can write
T4 = €¢ + orlan ¢y (13.3)

where ¢, and ¢, are, respectively, the cohesion and the angle of friction that develop

along the potential failure surface. Substituting Eqs. (13.2) and (13.3) into Eq. (13.1),
we get

_ ¢+t otan ¢
' g+ otan ¢, (134)

13



Now we can introduce some other aspects of the factor of safety — that is, the
factor of safety with respect to cohesion, F,, and the factor of safety with respect to
friction, F,. They are defined as follows:

(135) and | p, 1204 (13.6)

F.= tan

&

£
Ca

When we compare Eqs. (13.4) through (13.6), we can see that when F, becomes
equal to F,, it gives the factor of safety with respect to strength. Or, if

c_tnéd  yecanwrte F,=F=F, (13.7)
L4 tand.n,.

When F, is equal to 1, the slope is in a state of impending failure. Generally,
a value of 1.5 for the factor of safety with respect to strength is acceptable for the
design of a stable slope.

14
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