2.1 Introduction

Sail is essentially made up of solid parlicles, with spaces or
voids in bewween. The assemblage of particles in contact is usually
relerred Lo as he “soil malrix’ or the 'soil skeieton'. The intermittent

void spaces are lilled up by either air or water or both air and waler. | aror
This means thal an element of ‘soil' may be considered as g three-

phase material. comprising some solid {soil grains), somo liquid (pote P S0l
waler) and some gas (pore air). soids
2.2 Phase Diagram Flg. 2.1 Thiee phizse solig-water-ale system

»  Spoil mass, in genaral is a threg phase system compased of solid, liquid and gaseous phas-a.
» Different phases present in soil mass cannot be separaled. For betler understanding, zxli three

conslituents are assumed lo occupy separate spaces as shown in figurs below.
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Fig. 2.2 Three Phase dizgrarm,

»  The diagrammatic reprasentalion of the different phases in a soil mass s called the "phase g3agram,

or 'Block diagram’.
» Alhree-phase diagram is applicable for & partially salurated soil {0 < S< 1}

¢ When all le voids are filted with water, the sample becomes saturated and fhus the gaseole S phase



is absent; whereas, inoven dry soil sample the liquid phase is absent. Tus, in saturated and oven
dry soils, the (hree phase system reducas lo iwo phase system.
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Flg. 2.3 Tv.o Phase dlagram

2.3 Basic Definitions
() Water Conlant (w)
«  Walercontent (¥} is alsc called meisture content. )Lis the ralio of weight of waterlo tha weight of
soil solids, :

W,
-t w20
W= Ty,

» Thisis represented as a percentage.

¢ The water content of a oven dry soil is zero but natural water content lor most soils is around
60%. .

= Thereis noupper limil for water content, it can he groater than 100%.

MNOTE 1. Fine-grained scils have higher values of natral moislure content as compared to coarse-
> grained soils.
2. There are four possible lorms of water present in soil:
() Gravity water {free wator): Added duo lo rain or {looding
(i) Capillarywaler: Extracted through capillary action
{iii) Hygroscopic water : Water absorbed by oven diied sample when il is placed inopen
almosphere
(v} Struclural waler : Water bounded in erysiatline structure of solf
On ovan drying, gravily waler, capillary water and hygroseopic water are removed bul
slruclural water remains present in soil mass.
4, Watet contenlin scil represents gravity water, capifiary water and hygroscopic water, which
can be remaved an ovendrying.

{!iy Degrae of Saturalion{S}
»  Degree of saluration () of a soil is defined as the ratic of the volume of water 1o the volume at
voids in the soil mass.

S—v"ﬂOD
=

v

where, v, = volume of waler
v, = volume of voids
« Ilis expressed in perceniage.
« For dry soil, S = 0% and tor fully saturaled soil S = 100%, whereas partially saturated soil

have 0 < 5 < 100%.

NOTE = | soil is partially saturatad, then tolal volume ol soil and volume of void remain canslant

- dusing variation ol molsture content. Il soil is super saturaled due o further addition of

é waler, then volume of vaid and o1&l volume increases. Hence void ralio vall change but
degree of saturalion remaios constant equal lo 100%.

{iil} vold Ratio {g}
«  The void ratia {€) of a s0il is delined as ihe ralio of the lotal volume of voids Lo the volume ¢l solids.

g = V_, e>0
Y
- where, v, = volume ol voids

y_ = volume of sail solids

s
« Ilis expressad in decimal.
« Ingeneral > 0, i.e. noupper Jimit for void ralio.
«  Void ratio of line grained solls are generally higher than those of coarse grained soils.
The individual void spaces incoarse grained soil are larger than fine grained soils: but lhe tot al
void space is generally more in line grained sails.
{iv} Porosity (n}
o The porosity {n) af a soit is defined as the ratio of volume of voids lo the lotal voluma of soil .

v,
N = %x100%
v
vhere, Vv, = volume ol voids

v = Total volume of soil
» Ilisexpressed in percenlage.
« In porosity. lotal volume of sail is used which includes volume of voids.
«  Hence paiosity {1} of soil cannat exceed 100%.
e The range of porosity is 0 < n < 100%.

NOTE Vold ralio (€} and porosily () bolh have same significance but void ralio (&) is more widely
adopted than porosily because valume of solid whichis used in void ratio is mare siablethan

tolal voluma used in porasily.

{v) Air Conlent (a,)
s ltis dofined as the rato of the volume of air 1o ihe lalal volume of voids present in sall.



A
Vv
where, V, = volume of air in voids
Vv, =.volume of voids

* Ilis expressed in parcentage.

(vi) Percentage Alr Volds (n,}

*  Percenlage airvolds (n,) is defined as the ratio of volume of air 1o the loial valume of soil mass.

vV,
n,n = -VA- x 100
whare, ¥ = volume of air

n
V = total volume of s0il

s llisexpressed in percemage.

(vii)Unit Welghts
(a) Bulk Unit Weight {y,} .
« Ilis the ratio of total weight of soil to the total volume ol solt mass,
LW WA,
AV,

, kN al
v liisexpressed as — or -!‘%
m cm

‘o, Salirated density Is défined as lhg ratio ot total sawrated soll mass to the totalvolu me of -

soil mass..
.ps:" = ;’II’

{d) Submerged Unit Welght or Buoyant Unil Welght (y’,,, 077}
+ l1is the ralio of bupyant weighl of soil 1o the lolal valume of soif mass.

Y - VV!Jm

Ty

« When soil is bolow water i.e. in submerged condition, a buoyant lorce acts on the scxil sclids
which is equal in magnitude Lo the weight of waler displacad by the soil solids. He nce the
net weight of soil is reduced and reduced weight is known as buoyanl waighl or subemerged
weight,

. W
v = ? ='rm,~7w_

s i roughly % of salurated unit weighl {,,}

NOTE * 8ulk densily is defined as the ratio of tolal soil mass to the to1al volums,
M MM,
AT ANV}

. kg
* llis expressed as )

{b) Dry Unit Welght (y_} ‘
* ltisthe ratio of lotel dry weigh of soil to the total volume of sgil mass.
. _ Drywsightofsoil _ Wy
¥ = TTotalvoume |V

= Dry unit weight is used as a measure of denseness of soll. More dry unil weight means more
dense or compacted is the soil.

NOTE « Drydensity is defined as the ralic of olal dry mass (o the tolal volume.

M My
et

{c) Sawrated Unit Weight (y, )
» s delined as the ralio of tolal salvraled weight of sail 1o the {otal volume of soil mass
‘.v.'.'ll

Tese = v

" Noter Submerged density or buoyanl densily, p’ = p,, = P,

(o) Unit Welght of Water {1,)
« [Lis the ratio of weight of water 10 the valume occupied by [he vater
W,
V.
v Unil weight of waler dapends on ils temperalura. However, tha unil weight of water s taken
1o be constant as 8.81 khfm? ¢r 1g/fee.

: . kN kaf
» iiis evpressed in — OF —&3-
M em
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(I} Unit Welght of Solids (y,)
o llis the ratio of weight of soil solids 10 1he volume occupied by the soil solids.

_ W

ey

. kN kaf
= ltis expressedin — ©Of —95
m cm

(viily Spacific Gravily (G)
»  Specilic gravity of soil solids (G) is Ine ralic of the weight of a given volume of solicts 1o lhe
weight of an equivalent volume of water at 4°C.
G = —"il'— = _'f_-_ {.-' TE = ]
AT, -
« The spceific gravily ol most of the inorganic soifs lies in ihe range of 2.65 10 2.80.
»  For ofganics soils. it lies in the range of 1.2to 1.40. *

=

o=,



{ix} Apparent or Mass Spacilic Gravlty (G,,J

«  Mass specilic gravity is definad as ine ratic of lhe total waight of a given volume of $oil 10 an

equivalent volume of water.

«  Mass specilic gravity can be delined as the ratio of bulk unit weight of soil to unit weighl of

vealer.
RO B
Vi e
I soil is in saluraled state.
G = s
m Y
W soil is in dry slate,
G, =1

T

You
Know & G= 1o
Y
G x ¥, = constant
= Gyrg X fyzre = Ore®Yware
GZT‘C = Gf o X _.[!‘_'_g_
Ywar'c
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4 Some Important Relationships

Relation between W, W, and W
Fromblock diagram,
W= W+ W, + W,
W=W,+ W, +0 (: W,=0)

V= &44[1+V—V"i]

W,
W,
W= Wi+ ( VWaler conlent, w = -W—
w
o W= —
0 f4ew
Relatlon betweeneandn

We knaw, Parosity. i1 = <~
1+[

Do e Generally, specific gravity 15 reps csented gilher at 27°C or at 20°C, [ lest temperature is
? dilferent than the standard tcmperature then correclion has to be done as foilows-
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Relation hetweene, S, wand G

We know,
V.
Void rati = —
oid ratio, e = v,
VooV, V. V. Wit Vv, W, G,
| g Loy W o= L} = v W AN
Also. 5 W Vz w Weli, Vo W 1.
wG,
€" 73
o Se = wG

Relation betweenv,, G, e, wandy,

W W W,

e
TV VeV [ ]

W,
But W_; =w and V: =v, =01
_ Gs-{u‘ (1 + V/]
¢ 140
8 ) Se
Ut ) W= G_,;

L. (G:+Se i
) r= 1+ e fa
Speciel Case (a): Il soil is saturated, then
V.= 7y and S=i

: G, +1xe),
- Hence ton = —1‘:*0— fw
G.+e
o 120 v U

Special Case {b): If soil is dry, then
4=, and s=0

G, +0xe),

Hence W=l " 1re s
L2 Gt
o = Tee

Special Case {6): Il soil is submerged. then

" G. +c
A Al M S I
l+e

-5
=\ Jve Tn




Relation betweeny,, v, w
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Relation between-(d,G,,wandnn
Ve VsV,
Ve W, V. v, ¥
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Special Cass (a): "When n, = 0, (hen soil become fully salurated al & given waler content
Hence e Dl »
fu = 1+ wG
‘ T = {yg )T

Reration between &, w, G, and Y

G, +Se).
n= |7

1+

i [EN:] = 14 ‘%g
) S
\‘4'G.. A G, 1,
11 = = == (1+ w)
[e5s) - %
1, wGs) Ta .
(;:[.1 S J = ?{Hw;
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: : G+ 86
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Gtre ' Gy;,.
5 foa = [1+e]7"’ 6. "% J¥e
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A sail samplar of volume 1000 cm® Is used 1o collecl soil samples. It wwas
found that sampler contain 2 kg soit wilh dry unlt walght of 1800 kgfm®. if 300 g water Is mixed lo the
soll, then what will be the wetar content of the sample?

Solutfon:
7, = 1800kgim?
Ory weight of soil {weight of soil solids),
' W‘7 = Vx Ya
= 1000 x 10-6x 1800 = 1.8 kg
Bul actual weight of sample, W = 2kg

. Weight of waater belore mixing agdilional water,
W, = W-W,=2-18=02kg
Alter mixing 300 g of water, the [ofal weighl of waler would be

W“2 = 0.2+03=05kg

W, 0.5 o
W= ‘—V;-xmo = Te—xlOGO._E?.B&

m Figure shows a block diagram for a soil sample,

having veolumes and weights in cc and g respsclivaly.
Conslider the following sletemsnis v
1. .Soil Is partially saturated with degree of saluration )

greater than 60% ] '%‘

2. Voidralio = 100%
3. Waler content = 40%
4. Saturated unit weight = 2gicc
Which of the abave statements arg TRUE?
{a) 1, 2end 3 {b) 1,2,3and 4 *
{c}1,28and 4 {d) 2and 3

Thus, water conlent,




Ans.ld

. D f i = i) = e x 100 = 70%
1 egraa of saluration, S U, x 015+ 035) X
2, Voidratio, 8 = YL=O—‘£’:E'—3—5->¢100=100%
A 0.5
W, 0.4
,  Waler content, = B = %100 =33.33%
3 faler conlen W W5x100 12,(00 o
T G+ 8e
4. Salurated unitweight, Yoy = [ o Yoy
Using, e = w3
Se 1%
= — = T~ =3.0
. w 0333
You = [3'::):1):':1:29{(:(:

Hence optlion {c)is correct.

Q.35

IO HCYX R An ovan dry soil has mass spacilic pravity of 1gglcc. if bulk densily of soil In
its nalurat state is 2.0 g/ce, then the water content of soll in natural stale will be

() S0%
{c) 100%
Ans.(d)
For oven dry soil,
Mass specific gravity, G,
- Ty
Given, bulk density. %
Using, T =
1.5
w

Hance option {d) is carrecl.

‘.’Eonsider"l-h-s. prase
The soll Is complelely saturated

The specilic gravily of soil solids is 2.6 (lake unit welght of watar

as 10 kN/m®).

Mateh List-1 {Physfeal properties of soit) with List I {Corresponding
values) and select 1he corcect answer using the codes given belaw.

(b) 25%
(d) 33.33%

=14 -215 gfcc
"t

= 15¢/cc

= 2.0g/cc

(.
T+w

2.0

T+w

= 20 1=33.33%
1.5

dlggramof t-l'-u;s'oi-l given below:

2

List-1 List-H
1. Waier conlent A. 034
2. Vold ralio B. 0.52
3. Porosily C. 20.53
4. Salurated densily D. 20%
Codas:
1 2 3 4
(& A € B D
(y B A D C
{cy ¢ A C D
d D B A c
Ans. (d)}
20
1. Waler contenl, W= ﬁmoo = —x100 = 20%
W 1
wi O 2
2. Void ratio, e= 5= 2: © o052
3. Porosily, n= 2= 052 =0.3M
1+e 14052 .
4, Weknow, . Y = [61:§s]~(”
For saturated densily. Y = [GHXE]'“ = (2'8+0'52]x10 = 20.53 kiNfm?
1+ e 1+0.52

Hence oplion (d} is correct.

—Soil samp!e_ﬂ_na—é Ra% ;on ;a—t[(;_én)jg_slh?djf-}bépecliveIy_ f 1.5 m° of

soil sampla Aand 1.7m? of sample 8 are mixed to farm sample C having a volume ol 3.2m?, which one
of the lollowing correctly represants the porosity of sample ct?

(a) 50% - (b) 37.5%
(c) 100% (d) 33.33%
Ans.(b)
Soil A(1) Spil B{2) Soil C(3)
8, =05 e,=07 v,=32m
V,=15m? V= 1.7m!
Even alter mixing, volume ol solids of each soil will be same in mixed sampie
/ .
The solids i sait A, V. = L/ m’
L j+e 1+05
/,
The solids in soil 8, y o= e o My

= 1+EQ:1+0.7:

Tolal volume of sofidsin s0il €.V, = Vg + ¥, =2m*
+, Volume of vord in sail C. Vo= v, v Taz-2= 12w
2 Parasily, n= b = 12 = 0.375

V, 32

Hence, option (b) is correcl.




Exampfe 2.6

{a) 66%
{c) 75%
Ans. {b)
Soll A{1}
W, = 1kg
w, = 100%

Water conlent,

Which one of he following Is the water content of Ihe mixed soli mede from
1 kg of soll {say A) wilh waler content of 100% and 1 kg of sali (say 8) with water content of 50%7

Weight ol salids In sait A,

Weight of salids in sail 8,

Calculale the
(i) Parosily

(iii) Unit welght if the sall Is 75%.saturaled

Solutian:
Given, Void ratio,

{b) 71%
{d) 82%
Soll 8(2) Soll C(3)
W, = 1kg Wy=W, + W,
w, = 50% wy=7
e ‘ﬂ;;xwo = %
W W, + W,
- = ——— =
T T,
1000 )
w, = =
T Ter o000
WwA= 1000 ~500=5009
W - 1000

o 100 _ep7
5 05+7 g
W = 1000-6667=3333¢g

W, rmee wa

Wemx 8333

W, 11667

F|F

=

=W + W50=500+ 666.7and = 1166.7 g
W = W, +Ww8=500+333.39=83339

=——x100=71%

(i) Dry densily

. e
0} Wo know, Porosily. n= Fves
n= 1?';25 =0.259
(i) Weknow, 1, = (G’ ki SE) 'n
1+e |
For dry density. S$=0
G;7, _ 27=9.81
%= Jre T 14035
= 1, = 19.62 kN

(Iv) Unlt welght il the soll Is submargad

]Ws ={w + )W,

Example2.7 ] "A—sgi-l sa-mple _?-1;’5_véla'-félio_lsF&S%. The speciiic gr;nzty ol solids is 2.7. »_.

3

@iy Whan sailis 75% saturatedi.e. 5=0.75

L (G 8}, _ (2.7+0.75x0.35
=\ Tve J*° 1+0.35

)x9-81 = 21.53 kN/m?

{iv) We know, Yoy = Tegr™ Yo

_(Gs+1e)_ o _ G-y, 271
T 14 )M T e

- - = _ .l
o= e = 13035 <SB! = 1236 kNm

A sampler with a volums of 60 ¢m? Is filled with safurated soll sample. The
specifle gravity of solf salids Is 2.65. When the oven dry soll [s pourad Into a graduated cylindar BEled
with water, It displaces 40 cm? of water, What Is the natural maistura content and dry unil welght of sGil?

Solution:
Volums ol soil sample = Volume of sampier 3
- V = 60cm? A .
When soil sample is poured inlo gradualed cylinder, il displaces 40 cm? 3 't Wy,
ol waler ' v Yir -!
Volume of sail solids, V, = 40cm? .{.
+ Tolalvolume, V=V sV, v,
= V, = V-V =60-40 A g
=" V. = 20cm?
Void ratio, e = ﬁ = 20 =0.5
V, 40
Nows, wa have, e =05 5=1 and G,=2E5
Using Se = wi3,
Moislure contenl. W= g—f = l':_g'ss = 18.86%
i _
We know, %= Tow
where, - 7, = bulk unil weight
G+Seh, 2.65+1x0.5
w={Tve Sl ={Tiros ¥t =2t gke
He -2l _i76gkc
e Yo = 1io886 09

Exan-ipl_oz.a The vold ratio and specific gravity of a semple of clay are 0.73 and 2.7 [
respectively. The voids are 92% saturaled. Find the tulk densily, dry density and the water cont«ent.
‘What would be the water conlent for complete saturation, the vaid ratio remalning the sama?

Solution:
Given, =073, G=27 and S$=92%
We know tha,
. G+ Se 27+092 xD.?S]
\ - N PR Rl P i =
Bulk density, pr_[ Tre ] , [ 073 x1 - p, = 1afec)

¢, = 1.848gfcc



- P
We knaw, Dry densily, P
w. Dry densiy Po= Triw
Using Se = WG
Se 0.92x073
298 MFe T (02487 or 24.87%
= v G 77
Substituting the value of win (), wa get,
1918
= ———=1.560
Pa= Trgpegy - o0 9ee
Let, water cantent is wfar full saturalion a1 givan void ralio.
Nows, S: 100%, a=0.73
We knowe, Se=1G
%0.7
= W= 1—'7‘3‘ 0.2703 or 27.03%

()

Example2.10 compacled cylindricel spaclmen of 60 mm dlameter and 100 mm leng s 10
be praparad framn dry soll. fithe speclmen Is raquired to have a water contant of 15% and the parcenlage
of air void is 20%, celculate the walght of soil and water requirad in the preparation of the soll whoss

specific gravity Is 2.69.

Solution: .
Volume of soil sample = Volume of cylinder

V= “D’H—— (512 x 10 = 196.35 c¢

va w XYy = Vw

Watar content, w = ===
W, Voxy, VO

Y,
015 = 5%
1 VG
. VY, =015 V,xG=0.15x% V, % 2.69 = 040 v,
Also,
N v,
% Air voids, 0, = —J—: 0.2
v,=02V
. V=V +V, +V,
= V= V$+D.4 Vs+0.2V
08V=14V,
U= OBV SEXI 110,
4 1.4
Let W, be the weight of sail solids 1o prepare sail whose specific gravily is 2.60.
W,
We know, = 5
VR,

W, = BxV,x7,=269 % 1122x 1= 301829

Weight of dry soil = Welght of solids
= 301.82g
Let W, be the weight of water 10 prepare soli whose specilic gravily is 2.69.
W, =wxW,= =0.15x301.82=45279

Example 2,117 L scul sample ol saturated clay has a dlemeter ¢f 50 mm and the helghl of

100 mm, The mass of “saturated sampls is 220 g and its mass when oven dried s 150 g. Find
(i) Water content of the clay
(ity Vold ratio
(Ili) Dry density of solid
Assume spacilic gravily of solid as 2.7.

Sofution:

Mass of saturaled soil sample, M, = 2209

Mass of oven dry soil sample, M, = 150¢

. Mass af water in soil, M, =220-150=70g

V.
(i) water contentof sample. = Me v 100 = %Lx 100
a 5
7
= 1_5%><100 = 46.67%
{iy volume of sample, V= %DZL = %(5)E %10 = 196.35 ¢c¢
and V,:ﬂﬂ:Jﬂ—g—:?Dcc
¥ oa,  tgfce
For a salurated soif sample,
V\' = VI\' = 70 CC
v:. =V- V\r
= 196.35-70
= 126.35¢c
. . v, 70
- Yoid radio, g= —= =0.55
ract v, = 12635
(i) Dry densily, Py = _G_p,__
i+e
_ 2.7x1
T 140585
= 1.74 gfce

Example 2-12 - I clayey soil with specmc gravily of 2,70 has nalural malsture coménl of 16%

al 70% degrea of saluration. Whal will be ils waler conlent il, altar spaking, degree of saluration

becomes 90%.
Solution:
In the lirst case.
Givan, G = 2.7, w= 16% and §=70%




wG  0.16x2.7
We know, = -2 = 2% L GE17
oy €=7s 07

{n lhe second case,
Since degree of saturation is wilhin 100%, void ralio (@) will be same as 1he previous case

Se = wG
Se 0.9x0.617
W= o 57 =0.2057 o 20.57%

A soll sample has wet density of 20 kN/m3 and dry dan_sfly of 18 kN/m3. If the
specilic gravily of soil Is 2.67. Calculate the vold ratio, porosily, molsiure content end degree of seluration.
Assuma unit weight of water = 10 kN/m,

Solution:
Given, Ty = %= 20KNmY, q,=18kN/M? and G=267
Gy,
We knowy, = 2y
Y= e
1 = 267x10
T+e
2.67x%10
= ———=1,483
= 1+¢e 78
e = {.483
We know that,
. e 0483 _
Porasity, n = Tre 170483 0.326
We have,
Dry drensity, Ty 1;’—’“
18 = ._2.9_
T+w
20
= = =111
T4+w 18 1
w= 0111 o 11.11%
Using,
Se = wi
vG _ 0.111x%2.67 .
S= = " T osEs =0.611 or B61.4%

8. Problems of Borrow Pit and Fill

m “An ernl.;;ankmenl_l-s to be éonslrucféa. The ;50i-l_i-snlo bé co_rﬁpacted_z;lmaxm;u_m \

dry density of 18 kN/m* at oplimum moisture conlent = 15%. The in-silu bulk densily and water conlenl
in borrow pil are 17 kNfm® and 8% respeclively. How much excavation shouid be carrled out in lhe
borrow pil for each cubic meter ol embankrnenl? Assume G = 2.7 and Ty = 10 KN/M3,

Solutlon:

Barrow Pit (1) Embankmenl (2}
1, = I7kN/m? Y, = 18 KNfm?
w, = 008 w, = 015
G = 27 Y, = 10%N/m?
Forembankment T4y = T2 o = g, (14 w,)=18%(1+0.15)
2 T+w,
= v, = 20.7 Kh/m?
Vold Ratios:
Botrow Pit (1) Embankment (2)
G1+w,) - G(Hw?)!r _
VS T ™ = T,
27(1+0.08)x 10 2701+ 0.18) %10
= — 207 = =———m———
o= 1+g ' 1+06,
g, = 07153 and e = 05
Volume of solids { V) will rernatn same in both borrow pit and embankment,
' LMY
Vo= 1+e, 148,
1+e
- e ()
1+0.7153
= V1 = [TUS—}X1 cum
= V= 1.143cum

Hence. (he volume of excavation from barrow pilis 1,143 m? for each cubic meler of embankmez=nl.

PP The soli In a borrow pil has 2 void rallo of 0.90. A fill of volume 20000 m= hes
o oo conslmc! with an In place gry density of 19,2 kKN/m?, If the owner of borrow pit lo be compensaied
at rate 2.5 per cubic melre ol excavation, daterminsg the cost of compensailon.
Take G = 2.68, 7, = .81 kN/m®.

Solution: .
Borrow Pit (1) The fill (2)
e, = 090 4 = 1BkNIm®
3 = 268 Yy, = 192KNIM
'{_', = 9,81
. . _ Gn
For fill, T8, = T e e,
foo- ol REBXIB 4
'

e, = 0.37



vaiume ot soil solid (V) will remain sama in both bomow pit and il

.
+e - 1+ &,
1+ e
- (e
1+0.90
= 1./l = (m}x 20000
= V, = 27737.3m?
Cost of compensation 1o be given ta the ownar ¢f borrow pit,
= 2.50Ym3 x 27737.3m°
=¥69343.25

[ Sall Is 10 be excavatad from a borrow
16 lab _ Pl which has a dansity of 1.75 gmy/e
:r:[i \:a:)er‘ contant of 12%. The sperf'lﬂc orevity of soll paricles 1s 2.7. ‘fhe goll is compacted' sirrl'f-nai
ar content Is 1'3% and dry density Is 1.65 gm/ec. For 1600 m3 of salt in fill, estimate
{1} quantity of sall lo be excavated {rom the pit in m?
(%) amount of water to bs added. - .
Also, datermine the vold ratlos of the sofl in borrow pit and fill.

Sefttion:
Borrow Pit (1) The filt {2)
p, = 175gfce Y, = 1000m?
\vé = 12% wj = 18%
- 27 Pay = 1.65 gfce
0 Pay = T2 o BB
L ET R Y
- 175 27x1
w012 ~ Tig = &=0728
and Py, = S
%2 1+g,
2.7x1
1.85 = =
1e; e, =0.636
We know that votume of salids in borrow it and fill is same
- ve N %
To1ve 1te
1+ g
W= (Hezjvz
- Vv - 1+0.728]
‘ (:m.sss * 1000
= v, = 1056.23m?

Hence, 1056.23 m? of soil is 1o be excavated from the borrow pit.

(i) Weknowthat,
v o= v, 1000

=100 L 611.25m3
2= Tee - Teoess oA

- weight af solids = W, = V.7,
= W, = V.Gy,

= w, = 611.25 % 2.7 x 9.81
W, = 16190,18kN
W,
Now, maislure contenl, w o= Wl

= W, (welghl ol waler inpity = w, x W, =012 x 16180.18 = 1942.8
tand W, (weightolwaterinfill) = 0.18x 16190.18 =2914.23 kN

amount of water added = Ww‘—W“?

714
2914.23 - 1942,8 = 971.43 kN of 99 813 k

99.02 x 10°kg

2.5 Relative Density (I, or D}
« Relalive density Is alsd calted degree of densily or density indox.
« lislheindex which duanliﬁes the degree of packing between the loosest and densest packing of
coarsa graingd soil,

‘ L
Emun ~€ Tmn_ ¥
J= ——muTE or M0 b i00
b €mas ~ Emn 1 ___?_
T Trmac

vhere, e, = void talio in looses! slate
e,,, = void ralio in denses! state

& = void ralio in nalural slale

« itis the mostimponant properly of a coarse grained soil.
«  Coarse grained soil can be classilied onthe basis of relative densily as given belov..

Ip (%) 9.15 | 15-35 | 35-§5| 65-85) 85-100

ClassHlcation | Very lcose | Loose Modium| Dense| Voryloose

NOTE It is botter indicator of denseness of solld than void ratio and dry unit welght, as il
represents he relaliva compaciness in absolule larms.

Soils having simitar shape and grain size distribution exhibit different properties if their relative
density differs.

This lerm is not used lor cohesive soils as uncerlainties are involved in computation of void
ratio of cohesive sails in Lheir lcosest state in tha laboratory.

=)



Examp!e!J? A salureted send deposit have natural molsture content of 30%. 1 was noliced |
that the maximum and mlnlmum vold ratios are 0.95 and 0.40 respectively. Assume specific gravity of
send solid as 2.7, The sand deposil would be classilled as

(a) medium (b) dense
(c) loose (d} very danse
Ans.fc}
Given, w=030, S=1 and G=27
wG  0.30x27
e = “s— = —"'1——‘— 0-81
Now we have, e=08l.¢,=095and g, =0.40

s 0.95-0.81
2~ p95-0.40
Hence, sand deposlt viould be classified as loose.

Relalive densiy, %100 = 25.45%

E;émpl_eil& ﬁ\e natural vold ratio of a saturated E&H&&E}:Te}s 0.5 and its densily Ingdex
is 60%. If void ratio In loossst state Is 0.9, then the waler content {for the sand having G = 2.7)
corresponding to densest slate will be

(a) 15% {b) 20%
{c) 30% (d) 50%
Ans {a) R
Given, e=067;=60% and e, =09
Watgr content corresponding to densest stale is given by,
- i‘;m | o L
W= —mx"€ 400
enm —E€mn
09-08
060 =
&0 09-¢,,
6,.,= 04
Hence W= IXO_'A = 15%
2.7

Henee, oplion (a) is correcl.

SLLLFREN A relative density tesl was conducled on a_sTnd_y_s_oil. Tha-i-oiﬁging_—(;s‘uns -
ware obiained:

Ornax = 0.95, 8., = 0.40, I = 45% and G = 2.7

Calculate Ihe dry densily of soil. I a 5 m thickness of this stralum s densitled to a f, = 70%, how
much will the stralum reduce in thickness?

Solution:

& -
. Iy= 2 F o gg
€

e €en

0.95-0

= ———x 100
® = 585-040
0.95— g = D.2475
e« 070
G+Se
We know. =17, Tw
For dry density, S=0
‘ Yy = % = 1.588 glce
Considering unit surlace area of sample stratum,
- Vv _ v! - v:
TRV,
- = -
o.7o=§1',—v= (- V,=5x%1x1=5€77
v, =294

l'l- soll stratum is densilied to 70% relalive densily,

70 = Smar=® 00

Emay ~ Emin

070 0.95-¢ e
YT 0.85-0.40 o
g=0585 ;
Y _ Yo -V, T 1m (&
Also, g= E =204 7 1 ~Tim
H
V, - 2.94 ,
0.565 = ~Z5h | ~
1661 = V,-2.94
V, = 4.801m’
Therelore. the reduction in thicknass is given by
Hy - Hy = aH = (‘L’Aﬁ):(iﬂ{i‘ﬂ}: 0.399 m = 0.4 m.

[RWPPTE  The density of a sand backlill was determined by field measursmenis & ::;:
1746 kglm" The weer content al the time af tesl wes 8.6 percent and the unil welght of 1:13 s: :
constituerits was 2.6 g/cm?. In the faboratory the void ratios In loosest and dengest siates was lours

be 0.642 and 0.482 respectively. What was lha ralztive density of the fili?

futfon: ]
(S;iven w= 1746 kgim?. w=0.86, 7, = 2.6 gfcc

' S = 0:642 ande, .= 0.462
Specilic graviiy of soil solid,

G= 1o
Ya

3‘?:2.6




Void falio of soil in natural stale may be obtained by using

_ Gl1+w)
U 1+e T
174 = 2800059 4o
ite
2,601+ 6.085)
14as 2010085)
s o0

a=1. ~1=06
Now, 1.617-1=0617

Relative donsily, Eny —€ _ D.642-D617

Ip= =
Enax = 6mn 0.642-0462

x 100 = 13.89%

Xar 243 void ratio of unlformly gradad
(l? loasest possible siate ' prededoarse reinodsol ™
{li) dengest possible state
Assuming the soli particles made up of equz! digmelar spherical shapﬁ
Solution: -
{i) I|nloasest packing, each sphere makas conlact with six adjacent \
sphere-four from side, one trom bollom and one from top. . >

Assume each sphare i filted withina cube ¢ e
b
side das ShOWn

Volume of void,

V, = Volume of cube - volume of sphare

=gﬂ_22a. Y

(0) Simplo poacking of spheres

6
P-EE (n
e O
6

Thus. the void ratio, e =

B

bo— Q-

s }"‘ o "'"l
{b) Cubic olement from simpla pocking

Thus, the void ratic in loosest state of packing is 0.91.
(i} For densest packing, parlicles are packed as shown in fligure

{0 Fuca ecntares i i 5
d cubic packing of spheres {b) Cuble cloment from face centerod cuble packing

e
yolume of vaid. v, = Volume of cube - volume of sphare within cube
v, = (2 _[“%] = 2424 —gm"
. {zﬁ&_gmu] 25 - 2x
Tho void fatio, e= 2= = 3_ =035
s 2P 2
“rd —n
3 3

Thus, the void ralioin densest stale is 0.35.
e —

2.6 Methods for Determination of Water Content

1. oven Drying Method
» Thisis the simplesl and most accurale melhod.
. Forinorganic soils, lemperalure i5 controlled batween 105-1 10°C. -
»  For soil containing organic compounds, 1empera1uré is maintalned about 60°C and if Gypsum s
present, then temporature should bemaintained al B°C.
¢ Usually4-Ghrsare enough for sands 1o drybul 16 - 20 hrs are required {or clay. Usually 24 hrs are
provided for drying In the oven.
s |flemperalureis unconlrolled and more than 110°C, there is a danger ol loss ol struciural water.
« Waiter conlent is calculated as [ollows -
Lel W, = weight of empty conlainer
W, = wieight of containar + molst soil
W, = weight ol container + dry soil
W, (weight of water) = W, - W,

W,
= x100
W W‘:X_
W, - W,
W= 100
= ' W:,-Wlx

This melhad |5 accurate but time taking.

2. Pycnometer Methed
»  Thisis a quick methad but il is less accurate than oven drying melhod.
« This method is used only vhen specific gravity of soil solids
is knawn,
+ Asmallwoight, say 200910 400 g ol sailis placed in a clean
pycnometer whose capacity is 900 mi.

« Lol W, = weight ol empty pyenometer bottle
! W, = weight of pycnaometer + soil
) W, = weightof pycnomeler + SOil + waler W, We

A el "
W, = weightot pycnometer +swaler Flg. 2,5 Pycnamcter method



Let G be specific gravity of soil salids,

W,
Now, water conlent, w = _Vl; %100
5
weight of water = (W, - W) - W, (1)

Il from W, the weight of solids W, could be rernoved and replaced by the veeight of an equivatent volume
ol water, the weighl W, will be

W,
W= Wo-W.+5 7,

= weight ol emply container
veeight of container + moais| soil
W, = weight of container + dry soit
Since lemperalure is uncontrolied, hence there is a change of loss of slructural waler.

=
i

where,

=
[

5. A!:oi\ol Method

>

it is alsa a quick method adopled in field,
in this method, methylaled sprit is mixed with the soil sample In order to increase lhe ralez of
evaporaiion and then melhylated spril is ignited.

W, - W
= 1—=x100
w W

2

vihere,

W,

weight of sample

Gv.
W, = (- W) i) [v - andG:lE-]
G-1 T Y
from {1) and (i),
Me-W)(G-1
W= [(Wx Wx)( ) 1}x100

*  Inview of the difficully in removing enlrapped air from the soil sample; this method is more
* sviled for cohesionless soil where this can ba schieved easily. . .
~ Pycnometer method s suitable for coarse grained sofi, But lf itis used lor fne gramed 50il,
. Ihen Instead of waler kerosene should be used because kerosene has good wetling
properties.

3. Calcium Carbide Method/Rapid Moisture Meter Method

ltis very quick method, takes only 5 1o 7 minules but may not give accurale resulls.
A soil sample weight 4 - 6 gms is placed in moisture lesting equipment. The equipmenl consils of a
closed chamber in which calibrated scale is connected to measure pressure exerted which is direcily
co-refaled to water content,
Cateium carbide powder {CaC,)is added on the moist soil sample which reacts wilh he water and as
aresult acelylene gas is removed which exerts pressure.
CaC, + 2H,0 » Ca{OH}, +CH, T
The water contenl recorded is expressed as a % of moisl weight of soil, whereas aciual water content
is ¢xpressed as fraclion of dry weight of sail.
Let W, = moisture content recorded, expressed as {raciion of mois| veight of
sail

w = actual water conlent

Then w=

»100%
T+w,

4, Sand Bath Method

-

(Uis a quick fiefd mathod.
This melhad is used when eleciric oven is not available.
Sail sampie is pulin a container and dried by placing it on the sand bath, then it is healed over a
ketoseno stove.
Waler cordent is deterrmined simitar 10 oven drying method.
) Wo-uy
oW

W, = welght of soil afler cooling of soit + methylaled sl mixture
This.method is very rapld but less accurate.

Note: Since alcohol Is an oxidlsing agent, this method should not be used for organic soils and soils containliag

- orgenic compounds.

6. Torsien Balance Method
+ ilis alaboratory method -
e In this meihod, fnfrared radigtion Is ussd for drying soll sample.
« Inlhis method, drying and weighing are done simullaneousiy.
«  This method is rapid, accuraie and mosl suitable for soils which quickly reabsorb moisture alier

drying.

7. Radiatlon Method

«  This is an in-situ method to determine waler conlent ol sail.

« In Ihls method, radicactive isotopes are used for the determinalion of water content ol soil.
obalt 60 is placed inside a capsules and
has a small opening on one side through
1ee! casing B, which also has an

» A radisting device containing radicaclive isolopes like G
lowered in a stee! casing A as shown n ligure. Steel casing
which rays can come out. A detector is placed inside another s
opening facing that of A,

__l -
7N SRR A R g TR AN ¢ 7% f7N
- N NI K X 3} e
' ~ -
- L sel )
-7 , )
=-— Stecl cazing . s, ™~ steal casing
A - . 8
. o - P

—_— M ' - I. —t

— ' Hydrogenaloms ol ——— A
Capsute | ~ e In 5ol _——-U-—— Dotcctor

Fig. 2.6 Radiation Methed



. . . i .
?eu‘:rops ara emitled by the radio-active - 3atedal. The hydrogen atoms in water of the soil cause
cattering of neutrons. As these nautrons sirike with the hydrogen atom, they lose energy. The loss

0 8gylsp¢ pul nal gl a ly e . I
ofJlerp tin the soil. The do i
[ enear 0 Us] 10 ”vle U il ’ asen teclor is calibrated lo give

2.7 Determination of Specific Gravity of Seil Solids

27.1 Pycnometer Method i

« This method is similar to Pyenometer mziind for water
conlent delermination, but here oven d:y soil is taken

instead of moist soil. '
Lel W, = weiaht of emply pycnomelér
W, = weightof pycnometer + soil sar.3ie {ovendry)
W, = weight of pycnometer + scil sciids + water W,
W, = weighlof pycnomster + Water . o
Weiaht of salid ; AR 9. 2.7 Pycnomeler method for
q lid, Wo=W,-W determining specific gravity

Weight of equivatent voluma of waler
= (W, - W) -1 - 1)
6 = x:‘wc«'g‘n of solid {W,)
s 0 k) B ~
veight ofequivalent volume of waler

6 - Wy -,
S W W) (i - W)

NOTE » Specific gravily values are generaliy reporied at 27°C {In India} i

= ([ T°Cls the tes! temperawre, then G a1 27°C is given by
J G = Grox unit weighl of vaater at TC

. unit weight of water at 27°C
¢ {kerosene {bettar welling agent) is used insiead of water lhen,
G = Vi = W xK

(W, - W) - (W5 - W)
where, K = specilic gravity of kerosene
s (Gcanalso be determined indirectly by using sheinkage fimit,

_ Example2:22- A Pycnomater test for he determination of waler content af s;iE ;am la havi
speciiic gravity of soll solids as 2.70 yielded following data; peme
weight of molst soil = 800 gm ’
we!ght of pycriometer with soil and llifed with water = 1875 gm
weight of pycnsmeter filled with waler enly = 1545 gm
Celculale the water conlent of the sail.

Solution:
Given. W, ~ W, = weightol moist soil = B00 gm
W, = weighl of pycnometer + soif + water = 1875 gm
-W) (G-

We knov/, v [-—’4((5:2 - W,:,) - (_—G ) ~ 1] » 100

weight of moist sarple (G— 1)

= 1Ot SO ) == - 1% 100

= ¥ { W5 - Vip) G
- W= 800 x(?]ow)_] <100

(1875-1545)  \ 2.70
EN . w={1526-1]%100

w= 5263%

2.8 Determination of In-Situ Unit Weight

1. Core Cutter Method

« ‘This method is used in the case of cohesive soil.

« This method cannol be used in case of hard and gravelly soils.

»  Core-culter is a cylindrcal vesse! vilh open al top and bollom with sharp edges usually having
10 om dia and 12.5 cm hsight with volume nearly 1000 cc.

« The soil surface Is preparad and levalted in lield and cylindrical core-cutter is punchedinto ground
and cylinder tiled vilh soil i 1aken out, which is levelied et top and bottom.
Lel. weight of emply carg-culler = W,
weight of care cutter + soil = W,

weight ol soil. W= W,; - W,

h

, .o
Volume of soil sample, V= volume of cose cutter = D°H

The In-situ bulk unit weight is given by,
w
W=y
o |[water content is known in laboraiory, the dry unil weight can also De caomputed as
4
4w

Y5 =

Ancgr'e_cﬁuer 12.6cm |n‘hg|g—hl_a_nd 10_.2 Em irﬁiiar;elsr_wsig_h;:loﬂ g whe_n
sterming Lhe in-siu unil weight of an embankment. The walght of core cutler full of

empty- Itis used 1od
soll §s 2970 g. 1 the water content is B%, then
(i) Whatare the in-silu dry unit walght and porosily?
(i) Uthe ambankment gets fully saturated dus to heavy rain what will be the increase in water
content and bulk unit weight, if no volume change occurs?
The specific gravity of the sail solids is 2.69-

|



Sciution:
{i} Given,
Mass of ampty core culler,

Mass of core culter + soil sample,

-» mass of soil sample,

Volume of soil sampla, '

In-situ bulk dansity,
Given,

We know,

M, = 1071g

M, = 2370g

M= l|-rf2—JMT

M = 2970- 1071

V = volume ol core cutter

_n n 2
= ;sz4=§x(10.2r x12.6 = 1029.568 ¢¢

Py = j\_‘f: 1899 -1
V = 02955 = 844 glec
w = 6% 0r0.06
pd = Pr
T+w
_ 1844
Pa = Tiggs = 174 glee

Hence, in-situ dry untt weigh! s given by,

) Letvoid ratio of soil is &,

=

We know,

Yy = pdx(ﬁ"—)s]_mx(_gﬂ)
)

b
Yy =17.07 kN/m3

= Gty

1+8

2.69x9.81
1+e

2.69x9.81

T+e = ———ZT7 _
701 095

1

17.07 =

6 = 0,55

When embankment is fully saturated then S = 1.

Lel yw,
We know,

Increasein water contenl,

Now in-silu bulk unit weight =

.1 18 Maisture content of soil al saturation

Se = W, G
Se  1x0.55

V.. = —=

BTG T 269
7., = 0.2050r20.5%
Aw = 2056 = 145%

.’,S-I t

G+e
Yo = 1+ e T

o

~ (2.594»0.55
1+0.55

Yoo = 20.50kN/m3

)x931

Thus increase in In-situ butk unit weight,
Af, = fo =71, =20.50-17.07
Ay, = 3.43 kNfm?

$and Replacement Method
This method is used in case of hard and gravelly soils where core-cutter melhed can not be used.

In this method, a small pil or ho'e is made in the ground. The excavaled soli is callscled inthex tray
and waigted, say W. Now the pit is (illed with sand which is measured through calibrated cylimder,

volume ol soil, V= volume of sand required to fill pit
complelely.

« {n-silu unit weight |s obiained by dividing weigit of
excavated soifl with volume of hole.

.4
=V
+ The water conient of the excavaled soil is also. : ¥
) . . R . . Conlenl lop
determined and the dry unit weight is oblained by - Ty
using ] I
Te= X Hole formed Evy
thw 1aking oul skl
» .This method is widely adopted in construction of
highways. Fig. 2.8 Sard replacement method

During the soll investigation for a new highway, the following obsarvations

.Example 2,24

were 1aken a! site for (ha determinslion of unit welght by sand replacement method.

Waight of excaveled soil = 452.30 ¢

Walght of sand + cylinder (W} = 10300 g
Welght of sand + cylinder alter pouring the excavated hole and cons (W,) =9480 g

Woight of sand + cylinder after pouring for the cone only (W) = 9015 ¢
Welght of sand In cellbrating ¢an of 1000 cc after pouring from cylinder = 1580 g
Calculsle the in-situ unlt weight of the soil.

Solution:
Weight of sand filing Ihe excavation hole and cone = W, - W, = 10300 - 9480 = 820¢g

weight of sand filing cone only = W, — W, = 9480 -9015 = 465 g
Weight of sand filling hole only = 820 - 465 = 355 g
weight of sand in cylinder

Unit weighl of sand. ¥4 = volume of Gyinder
1580
et = Eéa =1.58 gfcc

volurne of excavated soil = volume of hiole

. weight of sand lilled in hole _ ;3?_: = 29468 cc
il

Tsang
W 45230
Thus, in-sitwonitweighl,  1,= 3 = 5502 = 2.01 glce




3 Water Displacement Method

* This method is suitable lor high i
ly cohas i i it
i ghly ; asive and slicky type of soil, where it is possible 1o have a
= Asmall soit sample is laken,
Lel waight of soil sample is = W,

Wax is coated over th Andi
e soll sample and-is immersed i i i
by ¢ d inawaler filled cylinder which disp}
L:; o wo.lu;ne of sull- + volume ol f‘:".a" say V.. Lel the weight of soil sample + we\xr _p;fes e
eight of wax is v, .. Hance voiume of wax is equal lo o

v = Wiar ?‘9‘,3 -W
wax Ywar ~ Toar
Now, votume of solt sample.

V = Volume p!water displaced - V.

" Wax
Ve y, - e 1)

Twax
Now, bulk unit weight of soft,

Example 2,35 i ated wi
alone wet 5 g hg::‘l:e wall?hllof sloll coated wilh thin layer of paraffin wax Is 630.6 g and the soll
. soll sample coated with wax Is | : .
ot € mmersad in watex, It displ

war a spectlic gravily of soll {s 2.73 and 1het of wax |s 0.83. Flnd the d A
| eoil hes wetes cument of 7%, egrea of saturallon and void

Solution:
Mass of soil along, M, =683g
Mass of soil + wax, M, = 69069

Volume of sail + wax = volume of waler displaced = V.
w
= 350md
~  Massofwaxalone, M, = M, - M,

= 690.6~683=76g

Density of wax, p_,. = G, % Py
=0.89x1=0389g/kc
Volume ol wax, ¥V, = Mose L 76
R Tk

Volume of soit sample, V= V- V
W v
= 350-8.53=341.47ce

Bulk densily of soi), p, = M_ 8, 2 gfce

v 34147

gince water contant of soil sampla wis 17%, corrasponding dry density can be oblained by

PO 2 ___171gke
By 1+wW 1+0.17 19
Gp
Also, Pa = 1+Z
. 27371
- 171 =
1+e
273x%1 -
- = 1,596
1+¢€ 171
a =059
Also, Se = wiG
o= KG‘kO,17)(2.73
=g 7 0596

$=0778 o T7.8%

e

2.9 Index Properties of 5oils
In natute, soil aceur in difterent {orms. However soils axhibiling similar behaviour can be putinlo &
particular calegory. Dillerenl 1ests are done (0 assess tha engineering behaviour ol soils.
Index properties ara those propeslies which are used lor the identification and classification of soils.
Index properties can be divided ino two general types:
() Soil grain properties
{iy Soilapgregale propeties
The soit grain properties depend on the individual grains of 50l mass whereas, soil aggregale prapenies

depends ontihe soil mass as awholel.e. soit history, mode of [ormalion or on soil structure. Hence soil ‘aggregate

properties’ are ol greatengineering imporlance.

(i) Soll Grain Praperties
The mosl important soil grain properties ol soil are:
(a) Grainsize distribution; by sieve and sedimentation analysis
(b) Grain shape. Bulky, flaky and needle shaped elc.

[t} SollAggregate Propertles
The various soil aggregale propernies are:
{a) Unconfined compressive sireng h{q,)
(p) Consistency and atterberg's limils
{c) Sensitivity
(d) Thixotropy and soil activily
{e) Relative densily

Type of Soll Index Proparty

Coarse Scil | Particte sizo. Grain shape 2nd Nelative densily

Fine Soil Atterberg's limit and consisiency. unconfined
compressive stronglh. (hixolropy and aclivity



2,10 Particle Size Analysis

Graln Slize Distributfon

« Grain size analysis of coarse grainad soils is
carried out by sieve analysis, whereas analysis
of fine grained sails is by sedimenlalion
method i.e. either by hydromeler or pipolte
method,

*  Generally, mosl of the soil contains bath coarse
as well as fine grain conslituenls. Hence a
combined analysis is usually carried out.

* Incombined analysis, dry sail fraclion retained
onsieve slze 4.75 mm s calied gravel {raclion
which is subjected to coarse siave analysis
and soil lraclion passing Ihrough 4.75 mm
siovess further subjecled 1o fine sleve analysis.

* Fraction passing through 0.075 mm sieve is
analysed by hydromeler or pipalle melhod.

1. 8. Classlilcation

Typo of sod

Parlicdlo szo Raemark
1 Bowuldar > 300 mm Nat
consldored
2, Cobbles 60 mm - 300 mm as soif
3. Gravel 4.75 mm~ 80 mm
4, Sand 0.075 rm ~ 4,75 mm Coarse
(4.1)Coarso sond | 2 mm —-4.75 mm gmir}rcd
(4.2} Hedum sond | 0.425 e - 2 mem =
{4.3) Fino sand 0.075 men = 0.425 tnm
5 L= 0.002 mn - 0.075 mm
(6.1} Coarso 0,02 mm - 0.075 mm
(6.2) Modlum 0.01 mm ~ 0,02 mm Fino
grained
(6.3} Fing 0002 rrn ~ 0.01 mm sl
6. Day < 0.002 mm

Patticio sizg analysis

|

|

Slavo anniysis Sedimantation analysks(<0 075 mm}
(for coarsa s0da) {For fine goil)
§ ,
Coarsa sioving Fina sieving  Pipatte Hydrometcr
(> 4.75 mm) {<4.75mm) Meithod Mathod
Dry process Wel process
(when fineness Is small) fwhen finoness is Lrgo)
Fig.2.9

2.10.1 Sieve Analysis

1. Coarse Sieving

analysis.

represented in mm of micrgmeler.

The traction relained on 4.75 mm sicve is called the gravel fiaction and is subjected 1o coarse sipve

Sieves are represented eilher by their number or either by size. IS sioves have s

quarc size opening

*  Siove na. represents no. of sguare openings in 1 inch of lengii. For eg. 0.075 mm size sieve has

Sreve na. 1S-200. .

The sieves used in coarse seiving are B0mm, 20 mm, 10mm, 4.75 mm (

4 No. of sieves)

» Thesampleisshaken for 10 min.in lhe shaking mac

Jound.
Let,

hine and weighl of soil retained in each sieveis

W = Weight retained in the i sieve
]

W = Total waight of scil sample taken

. w,
% weighl retained on ™ sieve = w> 100

i ' N o
Tolal weighl o} soil retain up 10 7™ sieve %100

Cumutative % refained =

Grain Slze distribution Curve .
s Agraphis plotted batween % liner an.d sxe'lue
! siza in semi-log paper. Sieve size (particlc d@)
is laken on log scale on x-axis and % finer in
arithmetic scale in y-axis.
s+ From the grain distribution curve. size i?
compuled corresponding 1o 60% finer, 30%
finer and 10% liner are comauled. The)f are
represented as Dy, Dy and Dyg resp‘ecuveiy.
» D, is thal size below which B0% padicles are
finer than this size by weight.
e Dyisthatsize below which 30% parlicles are
liner than Whis size by weight.
« D,y is that size betow which 10
glfactive 5iz6.
+  Dyiscalled average size.
s Using D D, @00 Dy, folion

Total weight of soil taken

i ive % relained.
@, finer than /%' sieve {%N) = 100 - cumulative % relai

n& Dn D it

Iog,, D o sl2a {icg seyp) —=

Fig. 2,18 Graln diswibulon curve

L . .. as
s, particles ate tiner than this size by weight, Dy, is also calied

ving shape paramelers are defined for the classitication of coar e soifs!

1, Coaellicientof
uniformity,

D(ﬂ
c-Ye
Y Dy

2. Coelficientof
curvature,

s
b5
€ D %Dyg

Typical results of a siave o

% Finer

C

analysis are shown in 0.001
ligure:

.III.DI 0.1 o 0
Parlicle size {mm) ~ logarilhmic scale

Fig.2.01 Typlcal Panilcle size distribution curve



*  Wall graded means soil parlicles of all $iz0 are present. The grain disttibution curve is platted as shawn infigure balow
@ Forwellgraded gravel €, >4iad 1 4 Cp<3 o "
(i} Forweligradedsand C,>6and1< C.$3 ms
‘ S - : Cla
¢ Poorly graded or unifarmiy graded means soll particie of one size are present predominantly. —CTN"E o T |
* Gap graded means soil particle of same siza are missing. W !
s C,= tloruniformly/ poorly graded soil 1 sl i
e - ~ ™
2. FineSieving (Sand 5leving) : ‘ N i
" 3 . .Y v N I \
® Soil fraction passing ll.uoug.h 4.75 mm snfv'c- 1s subjected lo fine sieve analysis. BRI \
« Jtean b? performed either in dry state or wet slate. Wet sieving is preferrad when clay content is T M
present in the sand, So sand is washetilo remove the clay. % &0 ]
* In fine sieving, following sieves are aranged in decreasing order as 2 mm, 1 mm, 600 y-m E T
425 yi-m, 150 -m and 75 pr. L . H Footy rted i
* The procedure of analysis is same as coarse analysis. g ® I \
Pl . «
. . - . - — - A
rorn tae resulls ot a sievs nalysis given below, plot a grain-size distrlbution 20 \ A N
curye and then datarmina. : - A )
) ! . ) N
(1} The eltective slze \
(ﬁ) The cceﬂicienl 0{ unilurmili( 903 6 43 2 {g6 432 0186 42 2 0018 6 §2 20008 3 43 2
{l} The cosfiiclent of cyrvaiure - . Panicla stzofm)
Walght of soll taken for eleve anelysis was 500 g, Fromihe curve
. fom '
Slava slza Welght of st rolninod In sach aleve, g {i Effective size, Dm =007 mm
478 ;mm 28 (i) Dig=0:23 mmand Dy = 04T mm
- 240 mm 322 ) iformi - D 220
o poy - Caellicient of uniformily, G = 0, 007 6.14
3:::: 1:.: ; 0 02F g
0,45 mm 150 (i) Goefficient of curvature, Cc * DpxDyp  043x007 -
: 0.075 mm 264 o
Sofution: 2.10.2 Sedimentation Analysis i fract i
Since, total weight s 500 g, o « Sedimenlation analysis is used to derermine grain size distribution of the soit fraction passing lheougth
». Percenlage retained on pach sieve = oo 100 _ 0.76% ' peuma ! ‘
3 - » itis based on the 'Stoke's Law'.
Similarly for every sieve siza calculation will be done as:
_ Stoke's Law : o : inal velociky
Slovo size Wolght % Retalned | % Cumulative | % Finer Il a spharical particle talls through infinilely large medium, then it wall achieve a constantterming b
(mm}) ratalned (g) | on each slovel  rotalned ‘ Terminal velocity is given as
4.76 mm 34 a6 0.76 99.24 V= Bl (a;g Pilos
240mm { 322 544 7.20 92,60 - .  partct
’ o = UMt wel { spherical particle
120mm | 528 10.56 17.76 82.24 yhere. T et
X : “fp = unil weight of liquid
080mm | 387 7.74 550 | 7450 : ' D= dia ol falling spherical particie
0.30mm | 1225 24.50 50,00 50,00 : ic viscosity of liquid N-9
015mm | 1589 31.99 81.88 18.02 = danamic vseosty A m
0075mm| 264 528 87.26 12,74 n = Kinematic iscosiy mifeee




Lim[tations of Stokes Law

1. The analysis is based on the assumption lhat the falling particle is spherical. Bul in soils, (he finer
parlicies are navet truly spharical.

Stoke's law considers the velocily of tree fali of a single sphere ina liquid of infinite exlension, where
as the grain siza analysis is usually cartied oul in a glass jar in vshich Ihe extent of liquid is limited,
3. The fine grains of scil carry charges on their surface and have a tendency for floc formation, If the

tendency of floc formalion is nol prevented, he diameter measured will be he diameter of he floc
ard nol of Ihe individual.

)

Stokes taw iz applicable for spheres of diamater between 0.2 mm and 0.0002 mm,.
Spheres of diameter farger than 0.2 mm falling through waler causes turbulence, vihereas
for spheres with diameter fess than 0.0002 mm. Brownian motion lakes place and the
~velocily of selilernent is too small for accurate measurement.

Procedure of Sedimentation Analysis

Firs\ step invelved is 1he preparation ol soif sample. Soil sarmple is mixed wilh waler and suspension is
made.

Treaiment given 16 s0ll sampla

1. Pre-treaiment: Trealment given helore making of soil suspension 10 remove organic mallers and

calcium compaunds.

Fer organic matter-Oxidizing agent is used »
(e.9.H;0,) v Butb (unnel
FFor calcium compounds - Acits ara used (e.g. (distted waler)
HCR . Suctron —

2. Paost-lrealment: I is done alter preparation
ol s0il suspension Lo break the flocs that are
tormed due (o presence of surface elecric
charges. The dispersing agenis
{defloculaling agent) used are sodium Ppee_f—— .
hexameta phosphate or calgon, sodium r

Wash outlel —~f-m—a

— Sliding catslogo’
oxalale, eic.

The analysis is carried oul by the hydromeler
or pinalle method. The principle of he lgs!
is same i both methods. The dilferenca lics
only in the method of making observations.

1. Pipette Method
* 10m/samplc of suspension is drawn ol with
a pipelle from a specilied depth from the
surface al difleren! ime intorvals

Sedirnenlation Wibe

¢ This 10 m/ sample is put in a container and
is dned in oven o get dry unil weightfdry
densily.

R —

Fig.2.¥2 Pipe the method

Lel rn, be the mass of dried sample oblained from pipetie volume (Vo= 0mh
Hencg, mass per unil volume of gried sample
Mg my
————e S o
= Volume of piple (Vp) ~ 10mf .
i ing tolal vo
Let Mis lhe tolal mass of dry soit which is used to prepare the suspension having
e .

f dispersing agent as added in the lotal volume V, of mass.

ume I V.

. m
Then mass per unil weight of dispersing agenlis = 7 N
Tha mass per unil volume of soil sofids al any time inlerval is given by

Ny _ _nj_'
= W v
o The porcentage liner is given by
my _m
wn = 2L oxio0
Ve
v

imeis gi Y ‘s law
The diameler of lalling particle ai any inslance of time is given by the Stoke's la

Hy _ vy ('fs'Yl]D2
! 181
i i icle setiles. .
— ellective depth through vihich partic . ‘ ’ dameterol
g];z:;a:i‘;; are lzken al regulat intervals, 3 graphis plotted belween s, finer (SN} an
1 d

parliclo.

fixed.

ote: IN mothod m S ColleC dfrom | (} M, a various lime intarvals i.6. is
Note: | pipaue ahod, sa ple i flecied § eight o 1 [ i int Hﬂ <
: ‘

e s S e mm Tt ""’é'n;;]
' _'ir;—é's:e—;élaa.nlalion analysis 73 g of soll passing 7Spmis d:sr;:ers'e:ng l ,f(::r -
1 ar : 1zo less than 0.002 mm, how
r i jhe percemage of parlicle s it
o dimant nFl,s ihs pipette reading to be taken? The sample szs dr.awn 165 m.
lic gravity of soli grainis 2,72 and viscosily of water s

of water.
commencement of sedimentalio :
below the surface of suspensicnin lar. The spaci

0.001 N-s/m2.

g,i:'ef;\omD - 0.002 mm. p =0.001 Ml-s/m?, H, = 165 mm

(1,700 _ (G5~ V1D

Salling velocity, Vo= . = T
(272-1x081x10°%(0002x10% _ 5 7408 x 105y
) 18x0.001
\ L %
37496 x 10°8 .1.‘15%@
185% 107

= 44004.60 sec. or 12.22 hrs.

-

T 3749%6x%10-6




Examplé2.28°

ikl 5Ig Da :,]fe'::! analysls, 25 g of goil was disparsed In waler, and the suspansion
il Sedimenmﬁo;‘ 1 : n\:l{s:foa;tg 'c! watar 1s 8.0012 51 unlts. Seven minules after the
i ' suspension was tak
volurne ;m)zs dried and found to have mass of 0,3 g :nd G =2 7%“ ;;?nﬁ:fm er100mn. The samplod
a) Largest size of paricle ram In 5 on 71 y
alning in s {
sodlmentalion ai & dacth 100 mm.g spension 7 minutes afler the commencement of
(b} The percentage of finar particles.

‘was ma

Sofution:
Given, M= 259. t=7minutes or420ssc., ¥ = 500mi, V, = 10 m!
H = 0.0012, H, = 100 mm, My, =0309.G= 2.70‘ g
Using Stoke’s law, yo - 17,00 _ (G- 1gp,0?
18w 18
Hy . (G-Tgp. D
-t 1ap
D |_BWH, | 18x0.0012x100x107

V(G—j)gp\,,l ~ Y(2.70-"§x3.81x 1000 % 420
1.756 x 107 m or 0.0175 mm

mp o 0.3
Sliner (N = Y2V yieo o GO0
iner (%) = ~Po—x 100 = “’25 %100 = 60%
v 500

2. Hydrometer Method

i<
—

> =

v}
Flg.2.13 Hydiometerimethod

. liis also based on Stoke’s lav.

« Hydromeler is a device usad to measure specilic gravity of fiquids.

«  Inthis methad, the weight of salid present at any me is calculated directly by reading the dansity

ol soil suspension.

Cellbratlon of hydrometar: Il involves establishing a relation bewween the hydrometer reading R,,and
effective depth {Hp-

The ellective depth is the distance from the surtace of Ihe soif suspension (o the fevel al which the
densily of soit suspension is being measured,

+ Ellective depth is calculaled as

V,
H = H1+l[h—-'—‘]
o 2 Al

where, H, = distance (cm) between any hydrometer reading and neck
- h = lenglh ol hydrometer bulb -
V,, = volume ol hydromeler bulb
A = area ol the cross section of the jar
« Reading of hydromeatar is refaled lo specilic gravity of density ol soil suspension as :
Ay
1000
Thus a reading of R, = 25 means, Ggg= 1 025
and a reading of R, = -25 means, G5 = 0.875

o % fineris given as:

.G (Y ﬂ)o
®N= G—1p“"(W)[ 10"

vihece, G = Ggg= Specilic gravity of saii selids
Ay, = Final correcied reading of Hydrometor
v = Tolal volurme ol soil suspension
W = Weight of soil mass dissolved in g

GS= 1+

Correctlons to Hydrometer Reading
Hydrometer readings abserved inihe testare turther corrected for following:
1.. Meniscus Carrectlon (Cp)
+ Hydromeler reading is ahways corrasponding o the upper level ol MENISCUS.
e Therefore, meniscus correclion is ahways positive.
3. Tamperature Correction ()
e Hydrometers are generally calibrated at 27°c. |l the tost lemperature is above the standaatd
(27°C) the carrection is added and if below, il is sublracled.
3. Disparsing/Deaflocculating agenl Corraclion {G,)
« The correction due torise in specific gravity of the suspenston on accourt of the addition of £he
delioccutating agentis called dispersing agent carrection (C)
»  Cyisalways negalive
= The correcled hydiomeles reading is given by
A= Ryt Crt G- Cy



after commancement of sedimentation is 20. The alfac
particle spaciflc aravity is 2.74 and the viscosity of watsr Is 0,01 poise, calctiate

1200 mid sniun. Afler 45 sec. the reading of hydrometer
the readlng is found to be 140 mm. The dimension of hydromeler arg

75
= 14 - ——=13375cm
Fom M-5%0

[{BpA, [18x0.001x13.375x10°2
— a =

By Stoke's law, we have D= VG-t Vo (e7-7981%45

Exafriple’ k-8 Thy ctTrracled hydrometer reading In 1'665_ mi of sol! suspension, 60 minule
tive depth from the calfbrations Is 165 mm, Il the

(i} The smallsst pasticle size which would have settied during this Inlerval of 60 minutes,
(i1 % of particle finar than this sizg.

The {ota! welght af the soll sample taken was 48 grams.

D= 17910% 10~ mor 0,179 mm
Percentage finar {% N} is given by.

© (Y]
= wN= ﬁ"“"[w 10)” .
Given, V= 1000mv . P ity of suspension al ha lime of observation,
i i 5 1.015 which is densily o
2 oonp ‘_” o -1 ¥ since reading of Hydrometer i .
# = 0.01poise = 0.01 x 10! M-s/m? o
’ 1000
H, = 165mm
: A
| e 2. - 0015
’ % - ¢ 1?31? 1000
Gty - Ry= 15
B, _ [18x0.01% 1077 x 165 10 - 27 xxx(Tzoo}X(l—s)m 6352%
= e -
G- Tyt (274~ 19%9.81% 3500 e . 22 2 s
o ety i i in size curve is (0.179 mm, 63.52)
(i) Percentage finer than parlicte ;?( s?zilrgfs give(:t?y s s he coordinate ofhe point on the grain
e (GGnPWX(%JX(%]% 2.11 Consistency of Clays [Atterberg’s Limits}

where, G = sp.gravily o! solid
V = volume of soil sample = 1000 m/ or 1000 cc.
W = weight of dry soil used 10 make suspension = 48 g
8, = correcred Hydromerer reading = 20

. : . "
Consistency represents relalive ease with which a soil car:\ !;e defc;:q:d e cspecialy ciays.
. i i Iy with fine grai \
3 propeny associaled on
« Ip praciice, consislency is

« Consistency of clays is relaled 10 the waier cenlent. ] e descrioe B sale
Dapending on percentage water content, four slages of consistency a
]

2.74 1000 20 it -
L) : w1y | Vo, o/ ofacla ay 500 - | ’ \
% AN = 3(2’7 = l)(&))\(—} % 656 | “y

4. Liquid Slate
lastic Stale . Sl -
‘l?l Eas Idary bewween any o states is called consistency limit. They are also known as
he boun ! .
! i ienti L
Wbt eeplP of suspansion below limits alier Swedish scientist Allerberg, who firs

| 1n a bydromster analysis. 45 gm of soll Js mixed with distiled waler 1o make-

demonstraled the signilicance of these limils.

¥, = Volume of dry sail mass o
= Volume of soil al shrinkage limil

Y = Volume of soil al plasic Iimii

V, = Volumae of soil &t liquid limil

Valume aof hydrometer = 75 gc where,
The inlernal area of far of Hydromeler = 60 cm2

Assuming p,, = 1gjcc, p = 0.009 N-s/m? and G, =2.7
Find oul \he co-ordinate af the point on (he grain size piot,

- B yey il nnsisie=ncy linvils
VW Wp Yo =W, Fig. 2.14 States of dlayey =oil and tons
! o 3

Solut I v, = Liguid limit ®

olulion: d lmil

. 2 [ v, = Piastic kmit
Given, V.=75¢cc. A=60cm? l] Pt

_ i, Y ., 1 v, ] !
H, = H, +§[ A, ]— (HT Eh)_ﬁ- | Siope. ¥ = constant
| ’ | . Vealer content, w(%h) —=
' ' V. VeV,
Here (H"gh) = Depth olsuspension below the hydrometer reading [ V-V Vp-Vy
1]

= d0mmor 1d cm



*  Forchangein waler content correSpon'c"ﬁ“ri(g tochangein
_degrea of saluration from D to 100%, the;"é is no change
in total volume of soil. But for waler cortan: increasin
grealar Ihan shrinkage limit (S= 100%), then wilh changg
inwatar conlent lotal volume of soil alsd gkanges.

* At shrinkage limil alf tha pores of soit a;e ‘ust filted by
water. Hence degrea of saturation {S) is ﬁﬁ'é‘?-é.

. Nah{raﬂyex‘vs&hg soiis have water content bélwes: w, and w,

* On increase in water content shear str:. “glh of so?l

decreases. .-
* Al liquid fimil, alt soifs have negligible ar
, b d
Srenat. egligible gn vqual shear
2.11.1 Liquid Limit w,)

o it ::stt:‘atfniljnimumw_agerconien:!atwhichsoilhasl(endeﬁcy :
Hlov. Atliquid limit, consistency o sail ctianges from pizslic st
to liquid state. L e - u

Atliquid limit afl soit have n igible -
early nagligid
of 2.7 «N/m? approximately. Y negigible shear suenalh
Detarminatlon of LI iquid il
quid Limli; Li i fu
the following two methods: auidimitlslow j f_)Ut i

{8) Casagrande's appatatus. i -

{o) Conepenetation. ..

{a) Casagrande's apparatus -

¢ About 120 g aven drled soil is taken and m.s'.v;ed wvith
::aler {say w, %} to altain pulty like consislency.

* Pasleis placed inside casagrande a
paners fo! ppatalus cup and

. f’\[groove of 2 mm size is cul and abpﬁrafus is given

ows over a rubbey pad and no..of blows réquired lo
close lhe 2 mm groove is noted as N;.

. r\l&\; same soil is mixed wilh water content w, and no
of blowss required (o close lhe 2 mm 2'? '
oy m groove is notad

* 5ame process is repeated with diflerent water conlenl.

+ Agrapghisplotted betwaen % water content and No. of

blows in semi log scale. g
. :22 vaboue CI.‘lNe is called flow curve and the slope of E
o l:nc:;r\'e is called {low index (£}. §
Wi ~¥a Wy —Wy !
= constan

" 100N, =logio M =log (N?J =
1ol =
Ny

Shear sirength

1 {Schdsemi-sold stota)

2 (Plastic alblo)

3 (Liquid sinig}

Shoar clraln {r) ~—

Fig. 2,15 Shear sweengih behaviour at
diffesens soll states

] Arass cup
or Bawd

»

109, Ny 10g,,(25) 109, M,

No. of blows (log stals) —— |

Fig. 216 FlowCurve

e T & Compressipllity of sl directly déepend

(by = Cone Penetrometer Methad
The caone penetrom Rod
ended by the Indian slandards to find the tiquid limit.

1RCOMIT!

—_—

« The testis repeated for @ variely of water contents,

if a soif has grealer Hlow index, it means that the rate of loss of shear strength with increase in water

content (s high.

5 on liquld !imilé_?Gr_eata'r the liquld fimit, greater Is
- 1hé compressibility of the soft. . - T
6.9.For S6il X/ o 42%
U sl L W =56%
$5ail Yis ifm'nr'e' compressibla than soll ¥ -

- Clay have more liquid limit than silli=-

ater test is another melhod

) Gmdubted
To lind tiquid limit, the penetration of slandard cone  scalo _Clamp
inlo sail sample is measurad for 30 sec. It the
penetration is less ihan 20 mm, (he wet 50il!s laken
- Sinng

out and mixcd thoroughly with water and test
is repeated till the penatralion is belwaen 20

ang 30 mm.

and the waler conlen! corresponding o8 penelration
of 25 mm is taken as the fiquid fimit of the sampfe.

Fig.2.17 Cont Penlromeler

Fﬁ_};ialgr;hlp belwesn \;a.!er co'nterrt _(\;‘éfjl_an‘&_n-umber of blows (N} In

it apparatus is glven by I

Example2.3V )

solls, as oblalned jrom casagrande’s fiquld lim
w = 20 —log,gV
The liquld limit of soll Is
{a) 15.6% (b} 166%
(c) 17.6% (dy 18.6%
Ans. {d)
vs lo close the 2 mm groove™.

Liquid fimit is also defined as ne “water content corresponding lo 25 blav

1t means, for liquid limit of satl,

=2 l
|

W, = 20-10g,25 = 20~109,i(5)
w, = 20-210g,5=20-2x0698=1860% H

" The resulls w;r_e;a-:-l_e?ed from a liguid limit test af soil,

No. of hlows

Examipla232 -

Watar contant

{a) Plot the (low curve and determine llquid lin‘ﬂl.
{b) Flow index of sail. ’



20/uTIoN:
Coarse grained soil like sand and gravel have less liquid fimit and plastic limit generally,

L]
P{L’:’ Wp
Eg. .
Type of soli Llquld mit {w,} | Plastic Simit {w,)
Black cotton soll 400 - 500% 200 - 250%
Alliviat soll (sandjl  10-50% 10-15%
w,
' - ! 66 6% «  Plastic limit depends upon amount and type of clay mineral in soil. Hence clay containing fine scils
= e ! \ have more plaslic limit.
&£ 9% v TR
g 50 : P " .NOTE + Il organic, matler is mixed wilh soil then LL and 7L bathincreases but
§ oL . Pl Ty increase in LL > increase in PL
& : § i "+ It sand Is mixed in clays then LL and PL both reduces but
T ol A " decreass in LL > dacsease in L -
20t A , :
AR 2113 Shrinkage Limit {w } :
H . ! . . s !
10 S « A state when the decrease in moisture content teads to solid :
IR EEE state, no changse In volume of soil mass is observad, tha / !
TRES S consistency of soll changes from semi-solid 10 sofid stale. The Vs / !
o9,oN : o boundary water content is called shrinkage fimk. : :
) «  Shrinkage limil is the smaliest value of water conlent al which i
. chil mass is completely salurated. Il means thal below shrinkage !
(i) Fromthe graph, W= gyt Y= Wag [ gs_) fimil, soit is partially saturated. Wy We
| (_39 7Y
20
- 66.6-74.3
W= T3+ ———=
t 30-20 O
W, = 74.3-4.23= 7007 % i w
s '
(i} Flowindex, 1= W ~wy . 82-59 l
1090 N2 ~logioMy (40)
S| =
10
23 l
f= ——< = s .
! 2logy2 38.2% : {0} Ocigyindd So8 {b) ot at shrinkage {c) Dry Sol '
| imil
- . i
2.11.2 Plastic Limit {w,) Fig. 218 Determination of Shrinkage fimlt
s Thewater contenl at which soil igi i
sample changes from sermi-solid 1o plasti i where, v, = original volume of soit
Limil. ) plastic sale is known as Plastic :
V. = dry volume of sail
a
*  Plastic limit is also defined as he v W. = ariginal weight ot soil
i 2 vealer contenl at which soflvould jus| begi . ; , = original weigri o So!
inio a hread of approvimately 3 mm diorneter. just begin fo crumble when rolleci ‘ W, = W, =dty weight of soil (solids}
= Clays have high plastic imit and hquid limit, . w, = naiural water content
W, (- VVF)-{V‘ —Vd]Tw (W - Wi (vl—'vd)'(w

but 1L >»> PL
Shrinkage hmil, o= =
W Wy Wy Wy



" -

V-V,
W, = W‘I"[ IW d)X‘Iw
(]

Shrinkage limit test can be used to detcrming spgravity of soil solids

G = ? o
Ty W I
Yo 100
whee, v, = unilweightofwater
%y = dry unit weight of soil

w, = % shrinkage fimit
= i specilic gravily G and void ratio  are known, then
W= —=—
.. 6 G t8=1
Shrinkaga ratio {A) ; Il is dafined as the raliv of a given volume change in a soil, expressed as a

::i:::;::entage of the dry valume to the corssponding change in water conlent above the shrinkage

v, -3
(-'7-3Jx100_
A= Td J
LTl )

*

where,  V, = volume of soll mass at weier conlent w,%
= volume ol soil mass al wz'zr conlent w, %
volume of dry soi] mass.

* Speclal case: At shrinkege limit.

Wz = Ws and VZ = "’0‘

Vl - vd

( v, -—) x1G0
W= W,

» Shrinkage ratic can also be dafinad as,

Il{ru
0o

- R =

g
R= " '
Tu . '
= Volumelrle Shrinkage : ltis the perceniage loss in volume of soil on drying
VI _ Va
=V %100
o V, = R{w -w,)

Degree of shrinkags : Itis h j ; i i
oares 4] ‘ e percentage loss in volume of soil on drying corresponding to infliat

v, -V,
DO.S = ~+—2x100
v, Bogreaof | ..o | . ..,
where, shrinkago % }5-10% | 10-15%] > 5%

inttial valume of soil sample
= Dty volume of soil sample

PN
r

Plasticliy Good | Medlum Poor | Very poor

« Unoar Shrinkagse : lLielersto decreasa in one dimension of soil expressed as

100 1
= [ 1= 100
L [1 {‘IDO-er] ]x

V.= volumetric shrinkage.

Siress-slrain curve lor different consislency slates -

/L
~

L

Shenring Stress
Shendng Streos

Shearng Stoss

Shazrdng straln Shearing sraln Shearing strain
IR
LA Bt = (:2Li3uid)
{Brito) (Plastic) d
Fig.2.19

Example2:33 . JEGUEED] dry soil sampte of 200 cm? welghs 360 g. I the spacllic gra

vily is 2.7.'

determing the vold ratio and shrinkage lmit, What will be the walar contant which will fully saturate the

sample and cause an Increase In volume aqual to 10% of the original dry volume.

Solutlan:
v, = 200cm®
weighl of dry soil sample, w, = 360¢g
- Specilic gravity, G =27
i We 280 4 8gice
Dry densily of cample, Yy = v, o0 " 9
o _ Gy
We knowe, %= e
2.7x1
18 = ———
re
A e =05 L]
At shrinkage limil, soil is saluraled.
S=1
Using. Se = wG v
. . . A ———————f
Al shrinkage limil w = shrinkage fimit {u )
w, = 581205 _g4p5
“ G 2.7 .
Let ysbea the waler conlent which will lully salurate the sample and

cause an increase id volume equal (o 10%.

% ol inilial dimension.




V, = 1.1Vy= 1.1 % 200 = 220 cm?
We know,

V-V,
Shrinkage limit, W= W, —[ﬁi]w/w
d

)
0185 = w-| —[x1
(360 X

w=D0240r2a4%

A soll sample of volume 320 cm? weighs 800 g. On oven drying, the weight of
sample reduced to 90% and voluma reduced by 12%. Calculate (i} shrinkage limit (il} specific gravity of
solids (ili) shrinkege ratio

Solution:
Given, v, = 320cm’
W, = 600g
v, = V,=092x320=2944cm’
W, = W,=088x600=528¢
{iy  Shrinkage fimit, w, = w‘—(y";dvd]yw
W“. W, - W,
where W= 'VLT:z ‘Wz 2
v - (W,—Wg _ V-V,
Tl W Wy v
_ (600—528]_(3%4294.4)“
528 528
= 0.087cr8.78%
. _— 1
(i) G = —“lw A
Yu 100
W, 528
Here. v, = —L=—"2=179g/
cre Y v, = 2944 9gfcc
G = ‘—1——=2.i2
———~0.087
1.79
{iii)  Shrinkage raio, A = ;i = L? =1.79

Example 2.35 | i The massspec:ﬂ_c gravnl_y(_)f_alully é.z{r:uc:—at-e':_(_l"s-pecimon of cley having awaler
content al 40% |5 1.88. On oven drying, the mass specilic gravily drops to 1.74, Calculate the specific

gravity ol clay and lis shrinkage limit.

Solutlon:
For salurated clay,
3 G - _:I:L_ - .fr.':r
Mass specific gravity. i = - =
' G+e
Bul Vot = e Yw .
Grely
(+e) _(G+ed
G = Y 1+e
ALY )
1+e : -
At saturation S = 1 and w= 40 % (given)
' Se= w6
wiG _0.4G
] —s_- ! ‘ -
. : 8=040G i)
Subslituting vaiue of ‘¢’ in (i}, we gel
G+04G _ 188
14+0.4G
G=23
; . . Y Ya
Now, mass sp.gravily for dry soll, G, = -{—: =y
da 2174 .. Kill)

Tw )
5 known, then shrinkage limit may be abtained fram the relation,

1

Il specilic gravity of soil solids i

6= 72w,
Yo 100
3
174 100
. 28w, -1
167 = —5g
29%; _ne7
100
w o 0872100 53 40
g 29

" e valis of iquid fimit, plesiic fimit and shrinkage fimk of 8 sofl were repcorted
= 20%. il a sample of this sail al liquid limit has avolume of 4()’ cc
5 ¢e, determine the specilic gravily of the scolids.

Expmple236
as below : w, = 60 %, W, = 30% and vy
and its volume measured al shrinkage limit was 23.
What |s the shrinkage ratio and volumetric shrinkaga?




Solutlon:
w, =60% Y

Given,
=40cc v|
w; =20%, ¥, =235 ¢cc
w, = 30% Y% r seennes
Specilic gravity of solids, G = 1
_ Ty W "
Yy 100
The ralio X2 is known as shrinkage (alfo- R
w
. I S N "
1w "1 ® 71
R f00 A 10 [ﬁ‘é]
G=_J
T
A
The shrinkage ralic may be givan as,
V| -V,
. —-LJV' » 100
R =L
. wg_ "
Here V, =V, and w,=w, K
Y- Vg_ 100 40- 40-235
. P Vy o35 - 10‘) .
N W v = 0~ — =175
Substiluting value of Rin (i), we have 20
1
G = 7 =270
T-7_5‘ 0-2
Volumetrie Shrinkage, v, = hVe
: A 7 =150
sre, V=V,

Yi-Va g0 _ 40-235

= X100 2V, =702%

Ve 235

Ay

_Exam| !eza )
p 7 § The nalural molslure contant of a fully saturated clay Is 32.9%. The spsclﬂc

gra\llty Df S'D“ is 2 8
5 Caleu ate L“e pBlCBlllage dBCIBESB lo bg Bxpacted In the unit volu ng 0 c!&y

when its mo!
Isturs canlent Is reduced by evaporatlon 1o 16.4%. Tha shrinkagse limit of clay Is 23%

Solutfon:
Volume of soil al ratural condition.
V! = V_ﬁ+ V'M
W = 323% or 0.323 = ‘Fi'-
W, = 03231,

gravity of soil solid

W, < 0323 W;

I

w; Ve

Ll

(i) Sail al shrinkage il

0.323W, 03230,

= v
Y

Thus V= Vo + 0323 W,

Simiterly, voluma of s0il at shrmkage lienit
= ¥, +023 W

it wealet content of solf is reduced 10 16.4%
Ihis waler content will remain same as shnnkage timlt.

2 N vd
-V,
o Volume reduciion = Vic¥ Y »300
1
(v, +0.323W,) - (v, +0.23W,
- v, +0323W,
9.3W, 9.3W,

,itis below the shrlnkage finit. Hence the volume of soil at

(ui) Sod at 16 4% moisbare wonlent

[y,=1g/cc)

)x100

- 7—.1 S
V, +0.323W; W, (%’5—-«- 0.323)

9.3 93

-ﬁ's+0.323

= f—’—-1 .
[E;;]*O‘m (2.65z1

387 An ovan dry sample of clay hes voluma ol 2

Eipmplo2:

of dry sail, when th

Solution:

Givan, v, = 250¢cc
‘Wd = 4109
G = 2.74

s Is 2.74, delermine the void ratio and shrinkage limit.
@ sample is fully salurated al a water content 32%.

T ) [J/ﬁ—)m.szs

50 cC and wenght 410 gt speclllc
Also find % increase in valuma




T

(o) Cry Soil ’
Dry {c) Soll M 2% woler agntenl
We know, G = s
VS‘(\\
Valume of solid, LoV s e 410
_ ; G‘fw_ 277 1~149.630c
Volume of vaid, T ' v, = V-V
) &
- : V, = 250-14983=100.37 cc
void ratio, . o n W 10087 o
‘ - Ve 143863.
We know, . Se = wG
al shrinkage liril, S = fandwsw
3 . a
¢ 067
- W, = 5:-—2 74 =0.2448 or 24.48 %,
Volume of soif at 32% moislure, '
L/:’ = VS + v/l
w oo M Vxy,
w, T W,
v oo WxW. _032x410
w = ————=——————<131.2¢cc
T 1
V, = 149.63 +131.2=280.83¢cc

2= 400 . 28083-250

4 250

Ir

% increase in volur
olumne x100=12.33%

) SGLGLEECH The plastic imit and Hquid fimit of a soll are 30% and 42 % respeciively. The
percent volume change from the fiquid limit to the dry stale is 35% ol the dry volume slmilarI; the
perceniegs volume change from the plastic limil 1o the dry state Is 22% of the dry valume. D i
1hg shrinkags limil and shrinkage ratio. e

Selution:
Given. w, = 0.30andw =042 .
V.-V, = 035V,
Vo-V, = 022V,

From the figure,
& . slope = conslant
dv
LT +
W, = \Wp - Wy ~Ws Vp bev-emeerrmmnuee {- E‘,' W~ Va
135V, ~1.22%, _ 135V, -V Ve f—m ; .f, §
0.42-0.30 0.42-wg : ; :
0.43v, _ 035 R
0.12 0.42 -/, we Yy W
0.35x0.12
(O42-w) = —gyz—=0828 - -
w, = 042-0.323=0.0970r9.7 %
’ V";V?ch .
Shiinkageratio, A = ———
W(—Wsz .
Here, V, = VuVa=Vp
and W, o= WL =W
VLJVPXTOJ 1.351/41;1.221/‘1
= o g x100 =
R W ~Wp 42-30 1.08

2.11.4 Plasticlty Index

o 1l is the range of moisture content over which & soit exhibils
plasticity. 1 is equal fo the diflerence between Ll and L.

lp = W~ Wp

where,

W = Waler contenl at P L

wy = Water conient al Lt

»  Thisis due (o presenca of clay minerals.

«  For coarse grained soils, there is no plaslic zone, Hence LL

coincides with PL
=0

« i PL2 LL. hen fyis reported a5 zero. /,can never be Negalive.

Soll classlfication based &n
Plasticity Index

1p%) Soll description
0 Non Plasle
1l05 Slighl Plastic
51010 Low Plastic
191020 Medium Plastic=
20 o 40 Highty plastic
> 40 Vary highly pln:;lic_

Note: Clay soils possessing high vafues of liquid limil and plasticily index

are referred 1o as highly plastic of

faf ¢lays, and \hose with tow values are descnbed as lean clays.



Plasticlty Index of Mixed Solf
Lel X, % of a soll A having plasticity mdex ;
Then, I, 0l mixed soil will be
X}lp' + Xq[p

p= X-|+X2

| 2.115 Shrinkage Index (7, : '

It represents sami-salid stale of cons‘rsténcy.
I = Wa-wg
where, W, = waler content al plastic imil
W = waler content at shrinkags Jimit

2,116 Consistency Index / Relatlve COnsis¥Enw( I}

tisdelined asa raba of e dnrlerence between [he hqmd hrnll and 1he naturalwater content of the soil lo
the plasticily index. . .

e w,_ W —w . %1, .| % Water Content Cons?slency
o= A AW W °
I -,
P WimWe <0 W, Soitis In Liguld State
where, w,= walerconleniat PL - --
- Vel <A Wp < W < W, Soil Is in Plastic sial
w, = watercontentatll i il ¢ 18 In Plaslic slale
w= natural veater content, > Swew, Soilis tn Soffd/semi solid

2317 Liquidity Index (Il)

Itis dafined as he ratio of the dzlference hetwean the netural water conlenl of a soit and ils plastic limit
fa ils plasticlly index.

S A N )
.. V=Wn  w-wp %1 e Watar Contant Conslslnncy
L I W, —Wp <0 V< w, Solid/soml solid state
D<s <1 Wp S w<w, Plaslic state
I> WP W, Llquid stala

Note: Sum of consistency index and liquidity index is always unﬂy
fo+ I =1

2.11.8 Toughness Index (/)

ltis defined as Ihe ratio of plasticity index 10 the flow index.
Ie
=22
! 1

{L gives an idea about the shear strength of a soil al plastic limit, For the same value of plaslicily
inclex, leo scils exhibil dilferent foughness based on llaw index,
¢ Formosl of Ihe soif :

0<f<3
When/, < |, the soil is easily crushed (friable) at the plastic Tt it,

2.12 Sensitivity (S

£p, 15 mixed wilh X, % of soil 4 having plasticily index I,

oladc i uldin . This char ge
C istency | Ia\/ p1 is allered eve at lhe same waler Cof 1ant onils remal ¢]
ONSt! sample e ven } e walar 0 d

i nsisiency of 1oss of slrength lakes place dus to he (oltowing:
nee Due to pesmanent destruclion of soll solids on remoulding. I

((l)) Due to change in origniation of the waler molecules in the adsorbed fayer " .

u i 5 (urbed specim

sensilivily is detined as the ratio of ihe unconlined compressive utrenglh. Iolt?'n L:r;zrjr:souming e

o i [ soil after
i 1 specimen of lhe same
i fined compressive stength ol a sp

the soil 1o the uncon
waler contant. .
{q,)undisrbed
S {q, yremoulded
1l represents degree of disturbance achieved onremoulding.
Soil classification based on sansitivily:

|
Sanslllvity % Water Contont Conalstancy
14 4 Normal Gravel, Coarse sond
4-4  Senstive Sand
8-15 Exlra Sensliivo Fiaeculant siructura soil
I_ > 15 Qulck Fino clay

2.13 Thixotropy ' . l
It is that properly of sail dus to which loss in shear s!

contenl may be regained.

rangth due to remoulding at unaltered moislure

' i h
1 _‘omml sncas sengll R = Remoudng
H = Hardenlng
5 Romoulded shear
g ) strongth
a
g
=y
(7]
Time ——
Fig.220

Cohesive soils have grealer thixolropy than cohesioniess Soifs.
Higher the sensuwn\y. farger lhe thixolropic hardening.

th (g,) "
nfined Compressive Streng ' sir
214 e lheloadperumtareadv.hmhunconlmedCv“ndf'ca|SDeC‘me”c’[ standard gimension ai

Defined as
a simple campression test.
q,=2C, )
here €, = cohesion of pure clay
Vi N

g, is related o consistency of clays.
iy



2.15

g_{liﬂlm’]

<25

25-50

50- 100

100 - 200

200- 400

> 400

Conslstoney

Very soft | Sefl

Madium

s

Vory siilf

Hurd

Activity (A)

T . " . .
12 behaviour of clay wilh change in waler content is influenced by the prescnce, magnitude and lype of

clay mingrals.

Accarding lo Skemplon, Activily is delined as
%Lip

o= %5

where,

i, = plasticity index

%C = % ol particles which are of clay siza i
B ) ay si €.
Classilication of ¢lays, based on Aclivily ysmee-smalerihen 2um.

Activity (A, Conslstency
<075 Inactve
0.75 <A, € 1.25 Nonmal
Ap>1.25 Aclivo

m0|.st_ur'e variation, hence high aclive sails are not preferred far loundation works
Aclivily of clay minarals : |

Typo of minerals | Activity (A;)
Kaolinita 0.38
ite 0.90
tontmortlianita 7.2

Hi L o .
gher aclivity means sail is more compressible and represents more change in volume due to

: Bl S it entonile s 9] 3
s have lwgh cantant of monimari e mineral. Hance (h f
Nore: Black collon soil and bento @ S0 ¥ t 1l lo oy are

2.16 Collapsibility

ils whi asE i ith
Soils which show {arge decrense in volume with increase in ils waler conlenl al same pressure ar
termed as collapsible soil. For example; Loess. .

Collapsibity of the soit is analysed in lerms of a parameter lermed as collapse potential

CU”al)Se poleniiat is delined as 1he ratio of char o volun 2 s0il vrlh increase in w T
a -hange in f52 afk

e of | § ‘ate.

content 1o its of 1911 al volume I |

Callapse polential can be delermined by perlorming a simple plale load tast in the field

2.1

. AV AH  ae
Collapse potential, CP = —,E = 'F{; = ﬁ

CP% - Effect on Structure
0-1 - No lrouble
1-5 - Modearate
5-10 - Trouble

10-20 - Severe lrouble
» 20 - Very severe lrgubte

7 Relationship between Atterberg Limits and Engineering Properties

Characterstics | Equal Li {w;} and Equal Ipand
. Increesing fp Incroasing LL (W)
Dry Strength - i [v]
b
Toughness i
Compressiiilty - i
Pormesbllity o f
Rate of yolume ;
change
vhere, D = decrease
I = Increase

‘Exomnple2:40

index of soil il flow index is 20%.

A eaias T it A3% and piatc i ol 25 %. Deterine e loughnexss

(@ 1 ) 0.25
(c) 05 @ 0.75
Ans. (d}
fp = W~V
= j, = 40-25=15%
Toughnessindex. [, = {,ﬂ

T

15
= o= —2—0=0.75

Hence aption (d)is correcl,

[has foliowing properies :

Uiquid 4imit = 45 %

Plastic Limit = 25 %

Shrinkage Limit = 17%

Nalura! Molslure Contenl = 20%

Tha consistancy index of he 30il is



15
@ o ® =
() 2 >
20 (d} o
Ans. {2} 2
Plaslicily index, o= W -y
P = W -

fo = 45-25=20%
Jo = We-w_45-30_15

ig 20 20

Consistency intex,

Hence oplion {a) is correes,

m A soll has following properiies :
LiquidLimil = 35
Piastic Limit 20
Natural Molsture Contenl 25%

Match List -1 with List-It and selsct the corract answar using the code glven balow :

1. Liguidily index A 15
2. Piaslicity index B- 33
3. Shrinkage Indax C' 10
Codes : .
1 2 3
{a) A B o]
(by 8 A - C
(¢} C ] A
(dy B C A
Ans, (b)
Plaslicily index, In = W -,
| A ]
= I = 35-20=15%
Liquidity index, p o= e
L ’P '
- 25-720
fL = s = 33%
Shrinkage Index, I = wy-
- H (iR
) fo = 20-10=10%
Hence option (b) is correcl. ) on T
Exampie243 | '
Atterberg's limft Soll A Soll B
Liguid Himit 40 0
Plastic limit 15 0

Soll Aand Soit 8 are mixed 1o
reparg
sand in the mix should be Prepereact
fa) 50
{c) 52 ' fﬁi ig

yey soil of plasticity index of 12, the percentags of

Ans.{c)
Ioy = W —Wp = 40-15=25
I, = 0

Let percentage of Blo be mixad is ©

¥, = xand X, =100 -x

2]
Xipy + Xalps

ere = TXX,
v = (100 - )% 25+ xx0
100
1200 = 2500-25x
x = 52%

Hence option (c) Is correct.

The liquid fimit é;&_p—laslic_li'mlt of samﬁi;;ra 60% and 30% respactively. Tha

Ex_amplez.fw'--i
percentage of the 301l fraction wilh graln size finer than 0.002 mm Is 20, The activily ratio of the s0il
sampla is
{a) 0.50 {b} 1.00
(c) 1.50 (dy 2.00
Ans.{c}
_ de _vi—We
Ac = %E~ " %C
60-30
= = 1.5
= Ac 20

Hence oplion (c} is correct.

PRI H The plastic limit i sois 24% and its piasticity index is 8%. Whan the Sall is
drisd from its stale at plastic limlt, the volume changs Is 26% of Its yoluma at plastic imit. The
corresponding volume change trom the liquid limil to dry state Is 35% of ils volume at liquid limit.

Datermine the shrinkage limit and the shrinkage ratio.

Solution: (77 RS 0
Given, W = 0.24 / :

Jo= 008 A /
lp= W, - 'p=0.08 v, :

w, = 00B+ 0.21 =032
Vpo- V, = 0.26 V. (given) o)
Va- Vg = 0.35 Vv, (given) (i) '

Subsiracting (il} fram (i}, we gel
‘ Vp— ¥, = 0.26 V- 0.35V,
126V, = 0.65V,
v, = 1.138V, . i) .
Q = slopc = conslant

From geomelry, g
Ry



we-iy, _ W, —Wp
Vi -V, Vi -V
0.24-ws; _ 0.32-0.24
0.26V, 1.138Vp - Vp
0.24-w, 008 -
026  0.138
Z 0.24-we= 015
w, = 0.090r9%
V-V, v, ~V,
. 2100 AR
Shrinkage ratio. A= Ve ¥y 100
Wi—wy WL —wp
- - 1.38V, -V,
" 074V, %(0.32-0.24)
- _ o,
o7ax008 =%
{@?Hlu‘s&dﬁve Examples -

Exampla2.46

2,72, lts saturation pB(CEnta a8 70.8%. The so BlOw 5Qrp w 1. After sorme time, the
g 13 8%. soit Is llowed 1 .

0 ab b wata .
saturation increased 1o 90.8%. Find the waler contant of the 300 Ir tho laler case.’

Solutlon:
G = 272.5=708,w=158%
T Ale
VV
|
t
VS
_L i
{b}case )
InCase I,
\oid ratio, e = WG _ 0—158—)(?—72 0.6
s~ o7os 09
Since degree of saluration js wilhi 5 '
S, s within 0 < S < 100%. Hence volu i
A, rolume ol vaid remab B
R main same,
0.908 x 0,607 -

A clayay soil has saturaled moisture content af 15.8%. The spac_l!ic g;é\}ily i:s, )

5% =0.2036 or 20.36%

molslur nlel ol 16

dry density which can bs possible lo achiaved,

Sofution:
Given, Py,

We koow,

Also,

e = 1BgICC
w = 16%0r0.16
G = 265

. Gow

Pz T e

2.85x1
= 2 4=04
e 5 1=0.472

Se = w6
wG 0.16%2.65
. b 2 TP TE -0 )
S p, 0413 0.89 or 9%

A cohesive solls ylelgs meximum dry density of 1.8 gice at an optimum-j

%, | G, = 2.65, then find the degres of saturation. Also detarmine lhe maximum

Theoriical maximumdry density will be achieved when altthe air present in the voids escapedout.i.e.

all voids are just filled by veater orly.

-. For condilion ot (heoritical maxirmum dry densily,

5 = 100%orl

Se = wG
oo VG _016X28 g a0
S 1
- . . Go 265%1
i \ = —Z= =18 C
Theoritical maximur density.  Pgmac 1o " 110424 6glc

- \-'O-;J-EI.E'I-_B projact

800,000 m3 of slacted fill, compacted su
manager delsgales 10 you the important de

engineer on a large dam praject that has a volume

ch that the final vold ratio in the dam Is 0.80. The praject

cision of buying the earth fiil from ons of the three sup

Which one of the [hres suppliers is lhe most economical and how much will you save.

Suppller A sells fill at & 3ym®
Supplier 8 solls fill at 10 Yn?
Suppller C sells il al 12Ym?

Sofution:

with e =150
with e=10.20
wilh g=1.60

Wwilheut considering void fatio, it wouldl appear that supplier Ais cheaper than Bby 5 Ym®.

Volume of solid necded for dam sile,

v = B00.000 _ 444,444 m?
s = Jre 14080

Volume ol sail required to be 1aken out from suppliers,

Supplier A,
Supplier 8.
Suppfier C.
Cost of bills,
Supplier A,
Supplier B.

v, = V(1+re)= 4444.44 (1 + 1.50) = 1,191,110 m’
Vy = V.(1+ g) = 444.444 {1 +0.2) =544, aqzm?
Vo= V(14 ¢) = A4, ad4 (1 + 1.6) = 1155, 555 m?

A= l,11\,110x5=5,555,550?
g8 = 533,332 « 10 = 5,333.320%

pliers.

|
|
|
|
|
|
1
|
|
|



Suppliet C, C =
Therelore supplier Bis more economical, and we save

L4 5,555.550-5,333,320 = 222,230

1155,565 % 12 = ¥ 13,866,660

Exa ’ y ;
e hyﬂ—mm YX.1- I The fines fraction ot a soil fo te usad for a highway ngar Hapur was sublectad
analysls be placing 25 g of dry soil In 100 m solulion of wale-r (}x = (.01 poise at 23"6)
=0 C).

The specliic gravily of the solid was 2.65.

{a) Estimate the maximum di
: ameter D of the parlicle
sadimantation of 4 hour has slapsed, if ' e tion o teduad 102

the leval,

(b} What % of the sampla would have a dlémaler smallar than D7

Sefution:
Given, W,
1

14

{a} Using Stoke's law,

the solution’s concentration has raduced 1o 2 gflil al

259, V=1000mior 1000 cc
4hrs = 14,400 sec, H, = 5 ¢m, 1 = 0.01 Poise = 0.001 Ns/m?

_ dw G- o*
18p

P LU {1axo.oo1><5x1o42

(b} Cancenlration of solulion = 29

unit welght of salution after 4 hrs,

_ weightol solution W+ W, W +(V-Vs)rw

V1 (G-01 ~ Y981 (2651 x 14400
6.2x% 10°m = 0.062 mm

= 2g soil solids in 1 litre

~ volume of sofulion

v=

2+[
¥.=

But

- A, = 1.245
% finer han particle of size 0.0615m

G

2.65
285-1

) W,
20+ |V -1
g9 Gy XY

A
= {4+
! 1000

=1

'« . Soil mass In general is althqee phase system composed of solld, liquid and gas.
-« .Fire gréined solls have higher values of natural maisture content as compared (0 COarss
" grained soils. - :
« - Void ratio of line grained soils ara generalty higher than those ol coarse grainad soils.
» . Theunitwelght Jdensily of soil (dry, salurated or submerged) isa function of vold ralio and
’ moisture content.
« Consislency limits or Atlerberg (Irmits viz. fiquid Kmit, plastic limit, and shrinkage limil are
\he water content at tha change of states from liquid to plastic, plastic 10 semi-sofid and
: -.semisoﬁd 10 solid state respectively. )
= flaslicity Index refers lo the range over which soil exhibil plasiicily.
« The sum of consistancy index and liquidity index is atways unity.
- Thixotropy of soll is that property of sail due to which soll tegains some par of its losl
strength during temoulding. :

' Objéctive Brain Teasers

Q.1 Inus natural condilion, @ soil sample hasamass (a) 0.81 (b) 0.5%

ol 2200 gmand avolume of 1,15 x 102 m3. Alter {c) 0.73 {d} 0.69
baing completaly dried in an oven, 1he mass of
1he sample is 2035 gm. The value of G for Ihe
soit is 2.69. Match LISt (Property) wilh List-1l
(Values) and salect the correcl answer using the

Q.3 Sieve analysis is donc on a soil sample and
following observalion were made:

Sizo of slovs | % Rolalned

codes given below: 4.75mm g
Ust List-It 75 microa 99
A, Voidratio 1. 0510 Size ol particle for which 60% particlos arc liner
B. Porosily 2. 0337 =5mm
C. Degree of saluration 3. 0657 Size of particle for which 30% parlicles are ner
D. Aircontent 4, 0343 =3mm
Codes: Size al particle for which 10% partcles are finey
A B C ] =1mm
(@ 1 3 2 4 On furiher testing the fingr partictes, itwas found
w 1 2 3 4 that:
© 2 4 2 1 Liquid timil = 50%
¢ 4 3 2 1 Plastic limit = 35%
Based on the above intonmation, according -0
Amass of soil coated with a thin layee of parallin indian soil classilication sysiem, the soil is
vax waighs 700 gm and soil alone weighs {a) SW-SC (t3) SP - SM
650 gm. When soil sample isimmersedin waler () GW-GC (d) None of these

it displaces 400 mL ol water. The specilic gravily
of sail is 2,65 and that of wax is 0.9 and walcr
conlent is 20%, p,, = 1000 kg/m?*, Void ratio of 1. {b) 2. (@) 3. (d) v
soil is

Answaors




Hints and Explanations:

1.

{b}
Mass of lhe soll solid,

mg = 2290gm
Mass of dry sail

m, = 2035gm
Specilic gravily

G =268
Yolume. V= 115x 109 m?

» Densily of dry soil

2035x% 1077
T = =3
15%10
= 1769.565 kg/m?
_ Gy
% T T
= 1769565 = 2.66x 1000
1+e
= . e =051
~ Vaid ralio, e = 051
Paorosity n=-2 =0.338
1+e
Waler conienl
W —2
My
. 22902035
2035 =0.125
m
m, = —
T Tew
- a5 = 2290
T+w
= w = 0.125
o wG = eS8
30.125%2‘6_8 _
051 -
= S = 0657
. Oegree of saluralion = 0.657
Air conlent, =1-8
= 108657
= 0,343

(@

M, = 700-650 = 50 gm
Yuax =09 % 1=09gmicc
V., =V, + er.u
VI = Vw - un.x =400~ h

Y‘r'lﬂ‘(
50
V, =400- o8 © 344.4 mi.
- M _ 650
Vi = 3444 1.89 gmfcc
o £ 189,
4 = Tow T 15g - o7 gmice
Gp.
Pa = Jre
157 - 28201
f+e
e = 0.69
(d)
% telained on 75 micion sieve is 90%
Sallis coarse
% Gravel = 36

% Sand = 80~ 36 = 54
Mara than half of coarse fraction is sane

Dy = 5mm
D;, = 3mm
D= tmm
D, 5
C =2
vS D 1<5

1}

Finer analysis: It is poorly graded

Is = Liquid limil - Plastic fimit
=50-35=15%

lo = 0.73 {w - 20)
= Q.73(60-20)=21.9

This will lie above A-line i
-line, thergiore, it is clé
Sail is SP « SC. Heen

A-ling,

a1

Q.2

Q.3

.

A soit sample wilh specific gravity ol sofids 2.70
has a mass specific gravity of 1.84. Assuming
the soil 1o be perfectly dry, determine ke void
ralio.
[Ans. D.47]
An oven dry soil sample ol volume 250 cc
weight 430 g. Il the specilic gravity of solids
is 2.70, what is the waler content when the soil
becomes lufly satrated withoul any change in
its voluma? Whal will ba the waler content vhich
will fully salurale the sample and also cause an
increase in volume equal to 10% of the original
dry volume? Use phase diagram.
[Ans. 21.1%, 26.9%]

An airport runway Tl naeds 600,000 m? of soil
compaciedioa void ratio of 0.75. There are iwo
borrow pits A 2nd 8 from where \he required 564
can be laken and ransported to lhe sile.

Sorrow pit | In wita vold rallo | Teansportotion cost
A 080 Tim

8 1.70 1sim

Whii:h of the two borrow oils would be more

economical?
[Ans. T 6171430, ¥ 4628570}

Anundislurbed sample of clay brought from the
{iel was noled 1o have a volume of 18.0ccand
weight of 30.8 g. On over drying, the weight of
the sample was reduced o0 20.5 g. The volume
of dried sample as obtained by displacement
of mercury was 12.5¢e. Calculate the shrinkage
limit and the specilic gravity ol solids. What is
the shiinkage ratio?

{Ans, 1.64]

Q.5 A nalural soil deposit has & bulk unit weig®m of

18 kiNfm? and a water content of 5%. Calcealate
the amount of waler in lires required <> be
added o 1 cumof soil lo raise (he waler comtent
to 15%. Assume the void rlio lo rennainconsslant.
What will be the degree of saluration? Take
G,=280.

(Ans. 174 liters; § = 722.6%)

Q.6 The dry unil weight ol a 4 m thick sirateam of

Q

-
t

coarse sand is 15 Um?. Calculale the quality of
cement groul sturry required per melef 12 Tor
providingaZm thick grout curtain throuczh 1his
straium. G, of sand grains = 2.66.

[4ns. 3.43 md

A sample of soil with a Fquid timil of 72,85 was
found 1o have atiquidity index of 1.21anc& water
conlent of 81,3%. What are its plastic limit and
plasticity index? Comment on the gonsi=siency

ol the soil.
[Ans. 32.3%, 20.5%]

Q.8 A soil has a liquid limil ol 50% and pt-asticiy

index ol 20. When ihe soif al ils liquid lirnii was
dried, the percentage decrease involurme was
40% of its dry volume. When il was drieed from
its plastic fimil, he percentage decre2ase in
volume as 20% of ils dry valume. Delerrmine the
shrinkage limit of the soil and iis shrinkagge ralio.

{Ans. 105%, 1.0}

QO A ssmple o sand from 3 nalural dep=osil has

a parosity of 35%. Fora volume of 485 cc, the
dry weight in the denses! and [oosesl sEates are
950 and 700 g, respectively. Compuie thee relative
gensily of sand assuming the specificc gravity
ol solids 10 be 2.65.

[Ans. 67.9%])



