CHAPTER |

Soil Compaction

5.1 Introduction

Construction of many slructures requires ~syabilisation” of the soil mass i.e. an artificial improvement of
ils engineering properies. There are various methods of soil slabitisation, the most common being the mechanical
stabifisation and the simplest technique of mechanical slabilisation is compaction.

Compaciion is a process by which the soil parlicles are anificially rearranged and packed together inta
a closer state of contact by mechanical means in order to reduce the valume of air voids of the soil and thus
increase its dry densly.

A soil rmass can be compacted by aither a dynamic process or a static ane. In the dynamic melhod lhe
soil mass is compacled by rapeated applicalions of a dead load, white in slatic method, compaction is dcne by
a steady increase of stalic load.

. Doyou know? The dynamic malhed gives better result in coarse grained soils and static method is suilable
" for less permeable fina grained soils.

5.2 Principles of Compaction

Usually when soil is excavated {rom ane place, ransporied and dumped in another place itis loosenec
uptoagreatextent. (nan uncompacted lill, the void ralio is relatively high and the corr2sponding aensily islow_
Cansequently, the shearing strength of uncompacied sail is
low while ils permeability is high. A slruclurg an such a filt
may crack exiensively due {o non unifarmity of setilement.
Therelore, it is necessary to artificially compact the fill.

Soil compaclion is the process where soil parliclcs
are forced o pack mare closely by raducing air voids, This
can be achieved by applying some mechanical energy (static
or dynamic) on soil filt.

The degrec ol compaction of a soil is measured in (0} Bofora compadtion (b} After compacion
terms of dry unit weight i.e, the amount of soil salids thal can

. . ) Fig.5.1
be packed in a unit volume of the sail.

Remember: Compaction is somawhat dilferent fram consalidation. In consclidation valurae reduction lakes )
place due 10 @xpulsion of pore vsater Iram saturated voids.



5.3 Difference between Compaction and Consolidation

53.1 <Compaction
+ Almosl aninstanlaneous phenomenon.
»  Soilis ahvays unsaturated. ]
« Densilication is due to a reduction in lhe volume of air voids ala given vaater content.
« Specilied compaglion lechniques are used in (his process.
532 Consolidation
« ltis a time dependent phenomenon. _I-“
« Soilis completely saluraled. I -
s Yolume reduclion is due lo expulsion ol pose waier Y
{from voids, _l,
« Consolidalion occurs on account of a load placed {0) Baforo corsolidation {b) Alter consolidation
on lhe soil. fig.52
5.4 Advantages of Compaction
Proper compacton of a soil mass lead to
« Increase in shear strength of soil-
+ Improved stability end bearing capacity o soil.
» Reduction in compressibilily and permeability of soil.
« increase in \he load carrying capacity of soil subgrade.
e Prevention of determental-sellements and undesirable volume changes through swelting and
shrinkage.
Do Wnen a heavily compacied soil mass (near 1o _rnaximum dry unilwelght) is sheared, itiends to
You ? expand and gets loosened. Tharefore, heavily compacled sails lend lo show decrease in
Know @ sireng'h when sheared.

5.5 laboratory Compaction

Laboratory compactioniests are designed lo estimate the dry densily of sails. These tests are based on
any one al the [ollowing methods or lype of compactian; dynamic or impacl, kneading, stalic and vibiation. The
tests are perlarmed by compacling a wet soil sample in a mouid in a specilied number of layers. Each layer is
compacled al specilied number of blows. Alier compactionof final layer, the bulk densily of soifand corresponding
moisture content are delermined. Test are repealed an Iresh samples with changed maisture content, With known
values of hulk densily and moisiure conlent, the dry density may be calcutated as given below.,

: f
Ory density, p, = -—3
y % P3= 773
row a graph o dry gensity Vs moisture content is plotled and the maximum dry density and aptimum
maisture conlent are read trom the graph.
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Standard Proctor Test

Standard volume mould {344 cc ot 1430
cubic [eat).

Filled up with soil in Ihree layers.

£ach layer is compacted by 25 blows of
standard hammer (weight 2.495%gor S5
ibs} (alling through 304.8 mm {t2inch}.
Dry weightis calculaled by knowing the viel
weight of compacied seil and its waler
content.

Dry unit weight,
.
1o = t+w
whaere, - = bulk unit weight

weight of compacted soil
volume of the mould

w = vealer content
Teslis repealed al dillerent waler conlents.
Compaclion curve is plotled between
moistute contenl and dry unit weight.
The peak ol compaclion curve caresponding
10 the maximum dry unit weight is referred
a5 Vg paay
The moisture corient conesponding [0 v, ..
is knownos oplimum moisture confent {OMC)
at a given compactive effort.

Dry unit waight, y,,(kNIm))

{2} Mould

{b) Humms or
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;. NOTE - . *; Typlcal values ol maximum dry unil weighils range from 16 10,20 xNJm? with the widesl
ryrsall * rahga being 1316 24 kNJm’. : s : s

- T« " Cornpaclive energy applied in proctor test per unlt volumeisgivenby .

) : ] T A T o nNWh
» Typical oplimum moistura content values ranges from 1010 20% with a maximum range of ==
" 51030%. . - : C o
K . where, n = Number ol Jayer

o' Maxirum dry unit weight so ot;'(alneq Is only for 8 givefi aroisfit of compaclian effort and
* method of compaction. ltis aldo not nacessary thal the maximom dry unlt weight canbe
abiained [n lhe field. ‘ - BTN )
The spacifications fof compactioﬁ ! fills in the field are usuatly Hased on maximum dry
unit ivelght but somalimes on both ne"maxiimum dry dnit welgm'ar_\d the OMC. :

N.=_ Number of Dlows per layer’
W = Waight of hammer

h = Height ol frea fall of hammer
v = Volume ol mould

« Compatlive energy per unit volume in Standard Proctor Test

55.2 Meodified Proctor Test ) : - ' 3x2572435x03048x 981 . \
»  Developad during World War I, 1o simulale the compactinn required for air fields to support heavier ' = 944 % 100 = 592.71 kJfm
aircraits. T L . . :
«  Standard volume mould (344 cc of /30 cublc feet) _ . Compaclive energy pec unit volume in Moditled Proctor Test
« Fillsd up with soilin tive layers. : g Sx2x 454%04572x981 250630 jm?
« Tnistest employs heavier hammer {4.54 kg or 10 lbs), . o T944%107° ’
o Height of fali is 4687.2 mm (38 inchas) and oach layer is lemped 25 limes inlo a standard proctor « Compactive energy per unit volume in Light Compaction Test
mould. i -
. £= 3x25x2.6x0.310>(9.81 ~ ) 5
553 indlan Standard Equivalent of Standard Proctor Test {Light Compaction Test) ! ) = 1000 % 10°¢ = 693.01 kJfm

« Volume of mould Is 1000 cC.
« Waight of hammer is 2.6 kg and drapis 310 mm.
»  Mould is tited in three tayers and each layes tamped by 25 blows.

+  Compactive energy per unit volume in Heayy Compaction Test

i _5x25x4.9%045%9.81
' - 1000% 10 ©

= 2703.98 kJ/m?
554 Indian Standard Equivalent of Modified Proctor Test (Heavy Compaction Test)

» Volumeol mouldis 1000 cc. Example5.1 I The compac{iﬂo_n_c;t"a llcor aroa ls carrled out In 250 mm thick l-ege'ré. The
» Waeighl of hammeris 4.8 kg and height of drop is 450 mm. hammer 1sed for compaction has the fool area ol 0.05 m?, The energy developed per drop of the
« Soilis compacted in 5 layers and each layar lamped by 26 blows. : rammer Is 50 kg-m. Assuming 40% more energy In each pass over the compeacied araa due ta overlap,

calculate tha number of passes required to devalop compaclive energy equivalent ta IS heavy

Do you know? Under heaviet compactlonhe moisture-density curve is shifted upward and simullaneously . compaciion for sach layer

{owards the lelh, resulting in a lower OMC but a greater Yoimary:

Solutlon;
5.6 Comparison of Standard and Modified Proctor Test ) Compaclive energy as per IS heavy compaction test
§0-90%5 Dogrea of 4.5{kgl) x 0.45{m) x layars)x 25(blowsflayer)
saturaton . = - - = 27562.5 kgImjm?
. Lo , 107 105 gim
é . 100% degrea ol ) Compaclive energy per drop pravided by the rammer pef m? of the sait
2| (o2 Moo R, e 50 S
roctor est % 2 =4 ki 3
g1" y 0.05 x 250 % 107 glmim
E . However, in each pass over a layer. the energy supplied will be 1.4 (mes Ihis value on accaunt of ]
& @ﬂfﬁﬁ . ) overlag ol hammer foot print. Let 11 be the number ol passes required 10 develap compaclive ensrgy
: cquivalent 1o 18 lieavy compaclion.
Mastwo cortznt (wie) nx 1.4 x 4000 = 275625 |

Flg.5.6 n= 192say5 '



5.7 Zero Air Void Line

Al constant moisture content, the dry unit weight reaches ils theorelical maximum when all the air is
expelled from the void spaces, i.e. when degree ol saturalion is 100%. Therelora the zero air void fine s a line
joining points having dry unit weights corresponding (o 100% saturalion at dilferent moisture contents. Therelore,
itis alsp called the saluralion fine. o :

Zero air void lines can bo delined as "The liries showing he dry density as @ funclion of water content for
soil containing no air voids.”

We can derive ils equalion as loltows:

ne % _ i)
For any degree ol saluration,
S .
Thetefore we can wrile the axprassion (or dry unil weight corresponding lo any dagree of saluration s as
) Gt T "
Tas 14 Y6 - [_L){E) 0
_ s |G )'s :
where, 1., = dryunitweighl al degree of saluration
%, = unil weight of waler, g = vaid ratio

w = waler content, G, = sp. gravily of solids
For zero air voids, degres of saluration becomss 100%. Therefore equation (il} becomes

Tw

o= Ty (D)
e

wihere, Tey = dry unit weighl at zero air void

Remember: Zero air voids Iina o saturation line is always a sleadily decreasing line.

5.8 Constant Percentage Air Void Lines

These are lines which shows the viater content, dry densily relation for Ihe compacted soil containing a
constant parcentage air void is known as an air voids line.

By the definition of percenlage air voids, we have

e V, _W-Y%
= Moy W oL
100 vv vv S
n
or 5 = 1——10"0- ~{iv)

Substiluting value of Sinto equalion (i), we have

Gy ( 1- g")
¢ 100

Vga T 7T
[1 - 1?)16] +wG,

where, ¥, = dry unilweight at consiant percentage aif voids

The fallowing resulls were obtalned from 218 Light Compaclion Testonsampie
of sall

Waldrcontanl (%) '} 012 015 048 021 023
fhoes of Wot Sod (k)| 465 155 183 190 186

Plot the compaction curve. Hence obtaln the maximum dry 'danslly and the optimum molslure
content. Also caleulate the veld ratio the degree of saturation and theorellcal maximum dry dsnsily
(G=2.68}

Solution:
Wator Costant (w) o1z 015 018 021 024
MmsoiwelsciM(kg) | 165 185 183 1% 186
Bukdonglly

ODydosily pe=ies | 147 ue3 167 15T 18

Void roto a=§p'i-1 06z 058 0B 070 079
. (- .

Degreo of saturalion

P 7l ovae o8 00 08 081
=5

Thoorotical max dry density

.. G . . 1. 1
Pamn® Ti%v'E 203 1.9% 1.81 71 53

210

200
1.90

1.80
1.70

1.60
1.80
1.40

130

1.20

1.10

Sy pvgrwgperg wqyvnp Sgeny gy ey §

1.00
G.10 OMC 0.20

From the compaction curve,
Optimummoislure contenl,

Poimany = 1-68gfce
OtC = 0.1630r 16.3%




Example53 Tha resulls of a standard compaclion test are shown In tha tabla below.

Detarmine the maximum dry unit walght and opt

imum watar conlent.

62

a1 6.2 1.5

123 132

‘Watas Contont %)

B.uk.uiil mllgh: (karq,)‘

169

187 19.5 2025

204 201

{a) Whaiis \ha dry unit welgh! and waler sontent at 95% siandard compaction?
(b) Datetmine the degrea of saturation at 113 maximum dry density.

{c) Plat the zero air volds {ine.

Computa ¥, and then plot the rasults of ¥4

Selatlon:

vorsus w(%). Then extract tha requlrad infornation.

@

Waler Contet (%) . B2

a.1

- 48 s - 123

132

Bulk Uil weight (Uit} | 16.9

187

125 205 2048

201

Dry udl) woight (kNIm‘)
M

15.9
T " Taw

29 184 182

Yo = 184 KN/m?

and oplimum moislure contem.

Woge = 11.5%

From Graph below,

~ At95% compaction, ¥, = 18.4 x 0.85 = 17.5kN/m?

Water conlent,

w=9.2%

{0) Degres of saluration at maximum dry unit weight

We know,

GeY

Yo = T wo.
(H——--‘"—

2

S= wG; 'fo(nm)l k(T
G —Ydm) Ftay

0.115%2.7x{18.4/9.8)

2.7-(18.4/9.8)

=07or?1%

(¢) Zero air void lines

Water Contarl {%)

14

Ory unil woght (kNImJ)

Yg=—§§%— sl8=1
(Hr—-s—‘}

218 208 200

19.2

3 _r —
22 1o alr viids
'\E 21 — ,(__J
2 \:l\
< 20 ~]
e ) ) 3 D
5 19 paaximgm i peigiit =,18.4 Khm
= 3 | [
E 947 compacbon T*
ER
\6 ,.4 ——4
15
) T 8 9 10 111512 13
wWator content {%5)

1.76 pfcs at an oplimum moaisture content of 14.5%. Flnd the aif yalds and the degree ©

(G =268).

What would be the corresponding va

moisiure content?

Solution:
iy Weknow.

Pa

{ii)

Pa

1.76

0683

1.76 +
S

S
(i} Atzero air void line. 5§ = 100%

Py, maad =

1+ wG

nﬂ
LI e
(1 100) Py
AL L P .

i e .
Example 5.4 ¥ The maximum dry density of a sample by tha standard compactian testis

Jue of dry densily on the zefo air void lina at opli

i L1—;r;—;’6}x2.68x1

1+0.145% 2.68

288x!

'8

= 268

1+
3

0.0880r8.80%

Gpw _ _GP»
+e H»_s;G_

L e
(0.1457.2.58
po| RIS

07423 0r 74.23%

Gp., Gp,

wG T 1anG

)

2.68x1

- ———

1+0.145x 2.

{ saturation

mum



5.9 Factors Affecting Compaction

The major factors which aftecl compaction are:

(1} walercontenl (it} compaclive eflort

{iii} type of soil (iv) melhod of compaclion

(i) Waler Content: Al lower water contents, the soit particies olfer more resislance lo compaclion and
soil behaves like a stilf material. Increasing the moisiure content helps the panicles to move closer
because of the lubrication effect. On Iurther increasing the melslure conlent bayand a certain limil,
the water slaris lo replace the soil particies. Thus the dry unil weight continuous lo increase till the
Optimum Moisture Content (OMC) is reached and wilh furlher increase in moisiure content beyond
OMC, unit weight starls decreasing.

Do ; IUs-.ingl . 4 = Grw - Gt )
You ? T . 7 T ee MG
Know @ S

we concIude Yo S ie. degree of saturation. '

Therefore for a given waler contant, the theorelical maximum value of dry unll wreight lor a
compacled soll is abtainad correspending to the situalion when no air voids are lelti.e. when
degres of saturalion becomes 100%,

(i) Compactive Efort: For a givan type of compactlion, an increase in the amount ol compaction will
initially result in closer packing of the soil parficles and maximurm dry unil weight increase while the
oplimum moisture content at which il is altained decreases.

25 -} .

100% saturotio
Prery - rotion or

zoro air vokd Jino

20+ / \ () 25 bows Layes

() 100 biawa loyer

° [OKC), 10 (ONC), 2'0 30
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Ory unit weight n'.NJm:)
o
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s

-
@

-
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h
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Fig.5.7 Eflect of compaciive elfort
(15 Type of Sall
« Coarse grained soils, well graded can be compacied fo high dry unil weight. especially il they
centains some fines.
»  However. il quantity of lines is excessve \he maximum dry unil weight decreases.
*  Poorly graded or uniform sands lead 1o lewest diy unit vieight valup.
« (n clayey soils, maximum dry unit weight tends to decrease as plasticily increases,
+  Cohesive soils have generally tigh value of OMC.

« Heavy clays with high plasticity have very lovs value of meximum dry unit weight and very Figh
valug ol OMC.

{1} Woil graded sand

{2) Siycord
a2t @) Sardy day
3;’:"‘:; (4) Plosucday

2ar {5] Finotlay
(6) Hoavy day

{7) Pouty graded sand

o1 @)
19 -

)
18 T+

I - 3 4 1 K3
T T T ( C

Flg 5.8 Typlal procior compaction curve for difcrent solls

{iv) Method of Compaction: Since the fietd compaclion is essentially akneading of rolling type compaxclion
whereas |he laboratory leis are dynamic-impact type compaction, therelore, laboralory compaction
tests have mora value of maximum dry unit weight.

5.10 Compaction Behaviour of Sand
The moisiure-dry densﬂy relationship, as obtained from & laboralory test o 2 conhesionless sang is

! li lowy:
shown in ligute belov Fult Sy Turaten

« Initially there is decrease in dry unil weighl with
the increase in waler coment. This is due 1o
bulking of sand i.e. capiliary tension in pore water
prevents soil parlicles coming closer. The
maximum bulking oceurs al 4 - 5% waler conient,

Maximum bulking

»  The maximum dry unit weight oceurs when soilis
either complately saturated o dry,

Dry donsity (gm/ml) —«

»  VWhenwater conlent isincreased iuriher, there is
fall in dry unit weight again,

Water conlent () —

fig. 5.9 Compaction Behaviour of Sond

Remember: Coarse grained soils do not absorty water, but line grained soils do and hence the Lamabe's
double fayer theory is not applicable 10 the.

5.11 Effect of Compaction on Properties of Soils
5.11.1 Soil Structure

¢ Thewalercontent atyhich r'ne soils is compacted plays animporiant role inthe engineering preeperties
of the soils.



a Al low water content, aliraclive forces between Ihe paricles are stran&er than repulsive forces.
Hance, solls compacted at a walter content less than (he optimum water conlent generally have a
Itocculated structure,

» Increasing the waler content, increases the rapulsive forces. Hence. soils compacted at valer content
more than the oplimum water contenl usually have a dispersed slructure.

« il he compactive elfort is increased there is a corresponding increase in the arientalion of he
particles and higher dry densitics ara oblained, as shown by the upper curve.

higher compactive
offort

\
I
8

|'i
53
&;—/
3
Diry unlt wolght /'8

Moisturn santanl {whe}
Fig.5.10

5.112 Permeabllity

« The parmeability of a soil depands upon the siza of valds. Due to increase in water content lor a
given compactive elfortthere is animproved afientation of the paricles and a corresponding reduclion
in the size of voids which cause a decrezse in permeabilily. :

« Foragivencompaclive eltor, the permeability decreases sharply wilhincrease inwater cantenlon
the dry side of oplimum, The minimum permeability occurs at or slighlly above lhe OMC. Beyond
OMC. the germeability may shaw a slightincrease, but always ramain much smaller than on the dry
side of oplimum.

s |l the compactiva elfort is increased, the permeability of the soil decrease due 10 increased dry
dansity and belter oriemation af particla. '
5.11.3 Compressibility

» Al relatively lovr siress levels, a soil compacted wet side (dispersed soil) of optimum is mare
compiessiie thanthe soil compacted dry sida (llocculated soil) of optimum. Therelose, for constructicn
of embankment, the soil is compacled on the dry side ol optimum,

At high siress levels, the compressibility increase due lo treakdown of the slruclure, now the
llocculated structures with 1arges void valume, can undergo alarge volume decrease.

5.11.4 Swelling

» A soit on lhe dry side of oplimum has a higher waler deficigncy and a more randam parlicle
arrangemenl. it can therelore, imbibe more water 1han a soil on the wel of optimum, therclore mare
swelling aceur on dry side of opiimum.

5.115 Shrinkage
« Soils compacled onthe wot of optimum, have nearly paraiel orientation of panicles which allows the
paniicles (o pack more ef(iciently as compared o the randomly oriented parlicies an tha dry side of
oplimum.
« Therefore. soils compacted on the wel of oplimum tend to exhibit maze shrinkage upon drying thar
those compacted on Ihe dry of apumum.

5.11.6 Shear Strength
« The shear strength of the compacted soils depands upon the soil type. the moulded water conlent |
drainage conditions, (he malhod of compaction elc.
« Ingeneral, al a given water content, the shear strength of the soil increases with an increase inthe
compactive efler il a critical degree of salurationis (eached. Wilh lurther increase in lha compaclive
eflort, the shear sirength decreases.

5.12 Field Compaction and Equipment

{n the construction of highway embankments and earth dams, soil is first dumped in he (orm of loos @
fills, and then campacied 10 improve the density and the sirenglh characteristics. In the field, soilis compacle d
by applying energy through mechanlical equipment. The energy is ransmilied to the soil by applying pressure i n
any one of (g follawing Ihree ways

() Satic pressure (using rollats)

{iiiy Vibration (using vioralor)

The choice o! equipment will dapend on the type of 501 and econamic con sideralion. The main compaclion
equipment afeng with suitabitity of soil and nature of projecl are summarized below:

(i) tapact (using rammers)

S.No,| Type of Equipment Suilabifity for Soll typo Naturo of Projoct
{ Rarmer or Al soils in conlinod areas
Tompers suth os filfs behind
rataining wolls, basemont
walis, Lench fills ate
2 Sooth wheoked Crushed (ochs, Rood coastruction
roters gravela, saads
3 Pnrumatic tyred Sand, gravals, Base, sub-hase and
coflers silts, cloyny sots arbankmont compaction
for highwoys, alr fiekd
and earth dams
4 Sheop feol milecs Clayoy sals Cora of carth dams
4 Vibratory rofiers Samds Embankmenis for 4l
L slocago tnks clC.

5.13 Evaluation of Compaction

The method adepted to assess lhe degree of compaclion oblained in (he fieldis the relative campaciion.
Itis he ratio of the dry unit weight altained in the field 1o specilied standard unil weight expressed a5 a percentagge.
The specitied standard unit weight may be proctor uril weight, indian standard fight ar heavy unit weight.

Relative compaction = ]ﬂ'i-k’—] « 100
T o)



5.14 Compaction Quality Control
The compacted dry unitweights attained in the lisld shouid be checked otcasionally for guaiity conlrol,
Three methods are generally used to check the In-situ density.
(i) Sandconemelhod
(iiy Rubber-balloon methed
(i} Nuclear density melers
{I) Sand Ccne Methad: A sand cone apparalus is shown in
figure.
Procedure:
+  Fill (he jar wilth a slandard sand of knovn densily.
»  Deleimine he weight of the sand cong apparatus wilh ‘gt Cona
(he jar iilled with sand (say W,).

- - : Molal plat
«  Delermine the weight ol sand (o fill the cone (say W,). pate

Hole filod with

s Excavale the small hole In the soil and determing the Ottawa sond

weighl al the excavaled soil (say W,).

< Filt the hole wilh lhe slanderd sand by inverling the Flg.5.11 Sand CaneApparastus
sand cone apparalus over ihe hole and opening lhe valve.

»  Delerming lhe weight of the sand cone apparalus wilh tha remaining sand in the jar (say W),

«  Calculate the unil weight of the soil as lollows:
weight of sand to fill hole,

W, = W\—-(WZ+WZ')
Violume of hole, V= W,
Tegzana
. , Wy
Weight of dry sail, W, = m
Dry unit weight . Alr roloase
v . Ya = 7y : valva

{ii) Rubber-balloon Methad: Figure shows balloon lesl apparalus -
Procedure: .
«  Fill the cylinders with valet and record its volume, V. e p._;n.p
= Excavate a small hole in the soil and delermine the weight of
the excavated soil (W).
= Delermine (he water content of the excavaled soil ().
« Use lhe pump lo invert the bafioan to il the hole.
« Record the volume of waler temaining in the cylinder, 1.

) , ) Fig.5.12 BalloonTestiidethod
» Calculalc he unit weight af soil as lolloves:

{1y Nuclear Density Moter
s Nuclear dansity meter are used lor ditect determinalion of compacled unit weights and water
content. Therelore, nuclear lield dansily lests are much [asler than conventional tesls.

« Nuclear densily meler works on the principle of scattering. Soil parlicles cause raciation o
scaller to a deleclor tube and lhe amount of scalter is counted.

_* Thescalier counl raie is inversely proportional to the unil weighl of scil.
= Hwater is present in the sail, tha hydrogen in vater scatters (he neulrons and tho amount of

scatteris proponional lo the water content.

Te = Trw

5.15 Settlement During Compaction
Lel ¢, be the iniliat void ralio before compaclion has been started. Altsrcom paction, tha void ralic> of sail

be &,
We know, T
v,
Void ratio, e= = B t-veer n
s s '
H {
g, = ——
(4 Hs
Hs
= HV. = &f; i
Similarly, H, = eH,

Flg.5.13 Setlling compaction

-, change in the thickness of sail layer
sH=H, - H,, = {e,— e,

AH _(eg-edH: -8
H Hy +egH;  1+6&g

[eu-e, b
1+ ey

AH

“Example’ The unlt weight of a compacted sand backiill was determined by tleld
messuremant to b 1738 kg/m®. Tha waler content and void ratio of the laboratory compacted soil was
10.2% and 60.7% raspectively. What was the degree of compaclion achieved In field? Assume wyater

content remain constant (G = 2.7).

Solution:
Given, oy = 1738 kg/m?
w= 10.2% .
] T 1738 3 1
L AR = {577.13 kg/m
For ligid. L w1+ 0102 9
For laboralory sample, w= 10.2%:

o= 0607



We know,

(G%&a]_ _ G{+w)

"

Toat =

1+e . 1+e
- %;’i’mooo - 1851.6 kglm? |
Yo = 1":‘:’, - T%% — 1680.12 kgfm?®
o Degree of compaclion = Y;::: %100 = %&1‘%*100 = 93.87%

iﬁdé&éﬁié}jéﬁﬁples-z

Scll has been compacied In an embankment at & bulk dansity of 2.15 gfcc
and tha water content of 12%. The specilic gravity of soil satids fs 2.7. The water table s wall below the
foundation level. Estimate

(i) vold ralio {1} the dry denslty .
(1if) degrea of saturation {iv) alr contant of the compacted saoll
Salution:
Given, p=215gfcc, w=12%0r0.12, G=27
. G{1+w)
0] Using, = — P :
i*] P P P
215 < 2.7(1+0.12) <1
1+ 2
2,703+ 0.12)
1 = s
*e XTI
. e = 0.406
@ _p . 2.15 -
Pu= Tow = Troaz - 29

{iiy Using, Se=wG

vz 0.12x2.7

g We _LleXel

" 0405 0.708 or 79.80%
) Air content = Y_%-% g X

v, %

=1-0.798 »
=0.2020r202%

S — —

During & compaction tesl, a soll altalns the meximum dry unft waight of
18.6 kN/m at vialer content of 15 percent. The spacilic gravity of soll Is 2.7. Detarmins the degree of
saturation, alr content at the meximum dry unit welghl. What would ba the maximum {heoretical dry
denslty correspanding 10 zero alr valds at oplimum waler content?

Sofutlon:
Given, Yy = 18.6 kNfm?
OMC, w= 15% ar 0,15
using v, = G
: g WG
14—
)
2.7x9.81
186 = —4q5x27
1+ =
0.405

p—_— =
1+ 1424
© 5=09550r955%

V
Aircontent = 5 =1° s
v

= 1-0955 =0.045 01 4.5%
AtOMC of 15%, tha theoratical maximum dry density will occur wihen air voids reduce to 2¢roi.e. sollig
completely saturated {$=1).

Gove | 27x981  _ g8 iim?

Yo = Ty G
A 1+0.15.‘<2.7

1

E}Eamples.ﬁ' [ As per the compaction specilication, a highway fill has to be compacted 1o
90% ol Indian standard light compaction test dry density. A borrow pit avallable near the project site
has a dry densily of 1.78 glcc at 100% compaction and a void ratio of 0.63. Compute the volume al
borrow material neaded to construct a highway flil ol helght 5 @ and !ength 1.5 m with side slops of
1: 2. The top width of the il is 10.5m.G=2.17.

o 105m —of

Solution:
given D somran = 1.79 gfce.
e[b:r.'w.'] =68y= 0.83
G=27

Base wialh of highway [ill = 2(2 x 5)+10.5=305m
Volume of highway fill = —;—(10‘5+ 30.5) x 5 1500 = 153730 m?

Dry density of highway hil (90%) = 0.90 x 1.78 = 1.602 gicc
To find void ratio of Iik:

G
We know Pty = ﬁp—;

]




27 x1
1802 = g,
- e, = 0685
Sinca velume of sail solid remain constant in both borrow pit and (ill. Hence
A v,

{1+e,)  {1+e)

=(1+e,,)x _ {1+0.63)
87 [rg) | (1+0685)

x 153750 = 57486 m?

2L RELCRl  The in-slu veld ratio of a granular soll deposit Is 0.59. The void ralios In
loosest end densest state ware found to be 0.81 and 0.37 respectively. Determine Lhe relative danslty
and relative campaction of the soil deposil. G=2.7.

Sofution:
Givon:
e=089 e =081 @o,=037
. . - 81-0.59
Relative density (% /) = 2 "€ . 100% = 081058 100 - so%
e 0.81-0.37
Gy 2.7%9.81
By = ¥ - T =10, 3
Arm T 5, 14037 9:33 kijm
. Gy, _ 27x%9.81 _ 3
fanso) = Tog ™ 17058 OO0

Tonsiy _ 1665

Relative compaclion = 1533 x100 = 86.13%

T Krved)

Rample ! _ In Indian standard light compaction test, the bulk unil s;aéfﬁ}al—of soll sam;')le_—
was found 10 be 18 kKNfm? at a molslure content of 13%. Datermine

{!) degree of saluration of sample

{ii} additional malsiure content required for complale saturalion

{iii) maximum theorslical dry unit weight

G=2.68
Solution:
(i) Given:
o G(1+H’)7
1T T v
14 ‘-vg ‘
S
18 = 2.68{(1+0.13}x9.81
N 1, (0.13%268)
Pt iviphathad)
5
0.3484 i
1+ = 165

S

& = 0535601 53.55%

{ii) Void ralio al 53.56% saluration
w-G 0.13x268

=28 . A —=0.6b
=73 0.5356
A1 a given compactive effort, void ratio remain conslant. The waler contenl at full saluration m:=ay

be given as

I»e 065
_Ixe 085 ha400r2920%
W= 5 = ggs - DoRd 2

. Additional water conlent requited for complete saluration
=2420-13=112%

In the conslruction of a leves by compacling sofl excavaled from a borrow
area {o d gensity of 1.78 glfcc. to make the compaction process more workabls, an oplimum watsr
content of 15% s necessary. However the natural molsture contant and bulk density of the soil wers
9% and 1.83 g/cc respectively. Find out the quantity of water to be added [or every 100 m® of finlsrwed
embankmant.

Solution:
For embankment Given:

Ty = 1-78 glcc = 178 Y
W, = 1.78 % 100 = 178 1onns

Tha weight of water needed in embankment
W, = wiW,=015x 178 = 26.710n

For borroy area given: v, = 1.83 glec = 1.83 Um?
w=9%0r0.09 ’
_ weighioteoit _ W+ W, Weli+w)
' volume of sil A Y
_ 178(1+0.09)
Vb
v, = 106.02m°
Weight of water presentin the soi] laken from borrow area,
W, = wh, =009 x 178 = 16.02 lon

Finished gmbenkmarl
= 26.70 - 16.02 = 10.68 lon s00(m'}

W, _10.68
e

Therelore quantity of water to be added

. Volume of waler lo be added = = 10680 lires

W

«  Sail compaction is the process of Increasing the densily of the soit by applying some
mechanical energy and hereby reducing air veids.

« Faciors affecting the compaction of a soil are moisture content, compactive effort and
meihod of compaclion.

» Highercompaclive ellorlincreases the maximum dry unil weigh! and reduces the opeimun
warer contenl. ‘.

« Comparison of properties of cohesive sail on dry and wet sides ot OMC




Table : Comparisan of dry of Optimun with Wet of Optimum COméacl[on

-Properly Dry, optimun -~ . Wot 6f optimiim
Structum aflor cempadiion Flocasinted (rundom) Disporsod (oda}\lod)
Walor geficioncy Moo Less
Panmcabilty " Moz, bsotropic Loss Esolropk K, » K}
t Sy stress m
il L
athigh stress Hg;‘; {.umgr
Swollobility High Low
Shiinlyge Low High
Stress strain bohaviour Brilto; tégh poak 3
] Dasetilon 13

higher atastic modulus mrol:sﬁ?nj’-:-‘?ulm
"‘ ion paro watar p Low High
Strength (endmined) as mouldod . High w',,
aftor satuation samewhat highar - Mmm

- Il syeoiling provenl

hfective Brain'Jeasars:

Q.1 Cun.m%B shows the lypicalcnmpaction curveof Q.3 Which one of the following is the correcl
asoilinthe Proclartest. Dotted curve Aisshown  © - statements? ’
superimposed on the same graph. Which one Vibralory rollers are suitable for compacling
of the {ollowing expressions comesponds fo the {a) organicsoil
ordinale axis of curve A? o) clays
- (c) sands and gravels
t uwg:A < {d) ¢layey sills
z L B Q.4 Wny are sheep foot roflers more elieclive in
g T § compagting clayey sails?
E 5 S {a) Thereis differantial expulsion of water under
; the roller
s oMe {b) Conlactpressureis high
. ‘ater eontent —— {c) Roaller speed is high
{a) Zero airvoids {d) Drum widthislarge
{b) Wet densit,
Y Q.5 The resulls {curves A, B, C and O) of {our

Q2

{c} Penelralion resistance ol Pioctor needle
{d) 85% saturation

At what value of saluralion does the zero air
voids curve in a compaction test represent the

dry densily?
{a) 0% {p) 0%
¢} 100% {d) 50%

compaction tesls on ditferent soils are shownin
the graph:

A
“ a
d C.
f/\\o‘
w

Q.6

Q.7

Q.e

Silty sand, modilied test

Silly sand, slandard Lesl

Fai clay, modilied tesl

. Fat clay, standard test

Curves A, B, C and D coreespond respectivaly
to tests:

fa) 1.3, 2 and 4
{c} 2, 1.3and4

& won

(b) 1.2,3and 4
(d)2, 1, 4and3

Given below are methods of compactian:

1. Vibralion technigue

2. Flooding the soil

3. Sheep foat roller

4. Tandem roller

5. Heavy weighls dropped from a height

The methods suilable for coneslonless soils
include:
(a)1.2andd
(cy1.2and 5

by 2,38nd 4
(d) 3, 4und5

Match List-l (Type of s0ils) List-1} (Eampaction
parameters) and selectihe catrect answer using
the codes given below the lists:

List-t List-l
A. Sand 1. OMC = 18%,
Tagras = V7 KNjn?
B.Sandyclay 2. OMC= 14%,
Typmn = 189 kN/m?
C. Silly clay 3. OMC = 15%.
Toymae = 17.4 ki/m?
D.Heavyclay 4. OMC = 10%,
Torpman = 20.5 kNfor®
Codes:
A B C 0
(@ 2 4 3 i
o 2 4 3 3
© a4 2 3 1
@ 4 2 1 3

Consider the following statemenis regarding the

{lgwr Nets:

1, Flow lines and equipotential lines ahways
inlerzect one-another at right anglas
irrespeclive of the permeability
characteristics.

Q.9

[

For an isatropic soil, the spacing of lines s
inversely proportional 10 the hydrautic
gradient.

9. For an anisotropic soil having grealer
horizontai coeflicient ot permeability, a fiov/
nel ol approximale sguares can be
constructed by reducing he vertical
dimensions of the (fow domain 10 3 carlain
scale.

4. For anisoliopic scil having greates horizontal
coefliicient of permeability, a flow nel of
approximate squares can be consloucied by
reducing lhe vertical gimensians ol the llow
domain lo a cerlain scale.

\Which af these s1elaments are cofrect ?

{a) 2,3andA {b) 2and 3

{©) 1,2and4 {dy 1and 3

A clear dry sand sample is tesled in a direct
shear test. The noraal stress and the shear
stress at failure are both equal to 120 kNfm?®.
The angle ol shearing resislance of the sand
will be:
() 25°
{c) &°

(b} 35°
{d) 55°

.10 Maich List-1 with List-Il and select the correct

Q.1

—_

answar using the codes given below Ihe lists:
Lisl-I

Oplimum moisture content
Vibratory tollers

. Zeroairvoidline

Lisl-t

Compaction of cohesive soil
Compaction of granular soil
Maximum dry density
Retative densily

. 100% sawration

Codes:

oo >

;s

(a)
®
(©
(d)

ii specitic gravily of soil solids of a soil havingy
oplimum maisture content 16.5% and maximure

AW A D
IR U v
a2 wmwO

©



dry densily 1.57 g/cc is 2.65, void ralio al
oplimum moisiure contenl is

{a) 0.588 {b) 0.688

{c) 0.788 (d) 0.888

- Q.12 The maximum dry densily upto which any soil
can be compacled depends upon
{a) amounl ol compaction cnergy alone
{b) maoislure conlent alone
(¢) bolh compaclion energy and moislure
content
(d) none ofthese

Q.13 Al oplimum moislure conlent of soil mass, the
soil saluration will be around
(o) 100% {b) 90 --95%
{c} 0% {(d) nona of lhese

Q.14 The percentage of voids filled with air in a soil
compacted under OMC, shall be around

{a) 0% {D} 5-10%
{c) 100% (d) none of lhese

Direction: The {ollowing items consisis of two
slalernents, one labelled as ‘Asserlion A" and the oiher
as 'Reason R, Sefecl your answer 10 these ilems using
the codes given below.
(3} Both A and Rare true and R is the correct
explanation of A ’
{b) Bolh A andR are lrue but Ris nol the correct
explanalion of A
(€) Ais Irve but R is false
{d) Aisfalse but Ris rue

Q.15 Assertion (A): The process of compaclion is
accompanied by the expulsion of air.
Reason (R): The degree of compaclion of a soil
is characlerized by ils dry density.

Q.16 Asserllon (A): For a given soil, the oplimum
moisture content increases vath the increase in
compaciive eflorl.

Reason (R); Higher the compactive effort, higher
i5 Ihe dry densily at the same moisiure content.

Q.17 Consider the lollowing:
1. Increase in shear sirenglh and bearing
capacity
2. increase in slope stability

3. Decrease in seitlement of soil

4. Decreasé in pettmeability

Which ol the above with respect 1o compaclion
ol soil isfare correct.
{3) 1only

{c} 2and 3only

{b) 1 and 2 only
@ 1,2.3and4

Q.18 The insitu void ratio of a granular soil deposil is
0.50. The maximum and minimum void ratios of
fhe soil were delermined lo be 0.75 and 0.35.
G, = 2,67 \he relative densily and relative
compaction of the sail are respeclively (v, =9.8
NfmI) :
{a) 62.5%,89.9% (b} 89.9%. B2.5%
(c) 62.5%,96.6% {d) 89.9%, 96.6%

Q.18 Compaclion of anembankment is carried out in
400 mm thick layers. The rammer used for
compaction has a loot area of 0.1 m? and the
energy imparled in every drop of rammer is
3590 N-m, Assuming 40% more energy in €ach
pass aver lhe compacled area due 10 overliap,
the number of passes required to develop
compaclive energy equivalent 1o indian Standard
lighl compaclionfor each layes wouid ba
(a 3 (b) B3
(c) 45 (0) 54

Q.20 Assertlon [A): Road built on black cetlon soils

shaow crack alter some time.

Reasan (R): Black cotlon scils setile and Lhis

resulis in deformalion.

{a} Bolh A and R are wrue and N is 1he correct
explanation of A

(b) Baoth AandRare rue bul Risnot the correcl
explanalion of A

(c) Alistrue but R is false

(d) Ais lalsc bulR is lrue

Answers
1. {c)y 2. (c) 3. (c) 4.(b) 5. ()
6. (c) 7.(c) 8.() 9. (¢) 10.{b}

11, (o) 12 {c)
16. (d) 17. {d}

13. (bY 4. {B) 15, {b)
18. (3} 19. (d} 20. (a)

Hints and Explanations:

4. ()
Under sheep (oot rollers the contac! pressure is
very high and (his resulls inkneading actionwhich
isresponsible lor effective compaction of clayey
soils

5 ()
Wilh Ihe increase of ling parlicles in sand, the
OMC decreases and maximum dry densily
increases uplo ceriain extent, Therealler any
further increase in ling parlicles will lead 1o
increase of OMC and dacrease of maximum dry
density. Further in modified test, the OMC will
be less and maximum dry density will be more
compared to thal in standard lesl. Therefore
combining both:
OMC 1<2<3<«4
Maximum dry densily

1¢2<3<4

So A-1,8-2,C-3, D4

6. (o)
Cohasicnless soils can be compacled by
vibration; liooding and dropping heavy weight
from height. Kneading and lamping aclions
provided by sheep lool roller and tandem rolfer
ara not ellective fos cohesionless soifs.

7. (c)
Heavy (lat) clay means pura clay.
As the line parlicle content is increased in a
cohesibniess soil, the dry density achieved is
very high compared lo Ihat in cohesianiess soit
However when fine particies increase beyond a
limit, the dry density decrease and OMC
increases.
Thus CMC o B>C >8> 4
So D-37,C-3,B-2A-4
Maximum dry densilyol A>B>C> D
S A-48-2C-3,D-1

8. [d)
The flow nel is governed by velocily potential
tunction and stream function,
96 oh by dh

=k, —

— =V —=kgi o=V
ax T x & 2z Yaer %

0.

11.

18.

By oy
and %" VX.E{-- -V,
The low lings and equipotemiial lines are thus
alveays orihogonal to each other.
The line will be spaced proporiional 1o the
hyGraulic gradient.
For square mesh polential drop is same
Ihroughoul the field.
For anisolropic soil, e horizontal dimensio=n of

flow domain is reduced by JE, {%; lactor
Thus stalements {1} and {3) are comect.

(c)

t1=g,lan¢given 5 = o, =120kN/m"
Lang=1 &= 45
{v)
A-3. B-2 C-5
(o)
given
"'d= 1.57
w= 3,165
G=205
: G"!w
using, Y = —1':
157 = 265 x1
f+e
1 +e=1688
e= 0638
(b}
%Air voids = 1 - S=5- 10%
{a)

Relative densily

- Zme"f ,100%

Brac ~ Cmin

- 075050, 100 = 625%
0.75-035

G. Y

Yﬂ,nn\] = i+e
T

. 267%9.8 3
= L2/ A28 1938 kNim
1+0.35



I

19.

. N Gs'f\q
Ame) T Gy
2.67x9.38 q
= e = 14, N
1+0.75 95 Kifm
_ G:Yw
Tama) =5 Cnstu
267x98 a
= e {744 kN
1+0.50 4 fm
Relalive compaclion,
Yoy _ 1744 00 -80.9%
Yorayy  19.28 '
(d)

As per Indian Slandard light compaction test,
a hammer of 2.6 kg is allowed lo fall from a
height of 310 mm and 3 layers are fampad 25
limes in a mould of valume 1060 cc.

D Student's .
' " Aséignmériis-

Q1

Q2

. Energyimparted:
_ 310
=28x 2:>lx3 x 981 x 000
=533,01N-m
For embankment compaction, lhe volume of
soil covered by rammer

=O,1>:10~‘x%=40000cc

» Energy imparted in every drop of hammer

|+.'39.
= 1% % 350 = 490 N-m

It ‘o number of passesara tequired o develop
equivalent energy lo Indian Standard light
sompaglion lest, then
490 £93.01
NX 7o =
40000 1000
EN n = 48.41=49{approx.)

The total unil weight (v, of soilis 18.8 KNS, the
specific gravity ((3) of the solid particles of lhe
soit is 2,67 and the water content {w)} of the soil
is 12%. Calcutate the dry unit weight (1), void
1atio {e) and the degree of saturation.

Ans.y,= 1679 kHirad, = 0.56 and § = 57.2%

Embankment for a highway 30 mwideand 1.5m
is 1o be constructed lrom a sandy sail trucked
from a borrow pil. The water conlent of the sandy
soil In the borrow pil is 15% and ils void (alio is
0.69. The specification requires the embankment
be compacled (o a dry unit weight ol 18 kivim®,
Delermine, for 1km lenglh of embankment, the
folfowing:
() Thevolume of sandy sait {rom the borrow: pit
required {6 conslruct Ihe omtrankmenl,
(i) Thenumber ol trucks taking 10 m? of volume
of soil required for the construction.

Q3

{ili) The weight of water per bruck load of sandy
soil.

tivy The degree of saturation of the sandy soil
In-sity.

Ans. V, =516 % 107 m?, N = 5160 trucks
W, Miuck = 23.6kN. § = 59%

Some sgil has been dumped loosely (rom a
seraper. 1t has a unit weight of 16 kN/m?, a waler
conlent of 10.5% and a specitic gravily of solids
of 2.68. Find the void ralio, porosity and uni
weight of the soil in the loose condition.
Tomake lhe compaclion process mase workable,
an optimum water content of 15% is hecessary.
How much of water should be added in liters per
cubic mater ol soil (o raise the vrater conlent o
Ine oplimum?
Ans. Loose condition: p, = 1.488 glcc
and y, = 14.40 Khym?
V{aler lo be added = 31.4 kg

Q4 A sampie of soil was prapared by mixing a

quantity of dry soil with 10% by mass of water.
Fing the mass of this wet mixlure required (o
ptoduce a cylindrical, compacied specimen of
15 on diameter and 12.5 cmhigh, having 6% air
content. Find also (he void ratio and (he dry
density of the specimen il G= 2.68.
Ans. M = 460.65 g. e = 0.285,
p4 = 2.085 gfce

Q.5 Tha soil from a barrow area having an average

in-situ unit welght of 15.5 kN/m?® and water

“content of 10%. was used for the construciion of

an embarnkrent of lotal finished volume 6000 m>.
In ball of embankment, due loimproper control
during rolling, the dry unil weight achieved was
slighlly lower. if the dry unil weight in ho two
parls is 16.5 kNfm? and 16.0 kNfin?, find (he
volume of borrow area soil used in each parl.
Ans. 3512.9 m? and 3.406.45 m?



