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Element of the standard compaction tests

standard Modified

(ASTM D98) (ASTINDS5T)
Hammer 245N (53.51h) 44.5 N (10 Ih)
Height of hammer fall 303 mm (12in) 4537 mm (18 in)
Number of layers 3 5
Number of blows/ layer 25 23
Iold volume 0.000942 2m (1/30° %)
Soil (-) Mo 4 sieve
Compaction energy (CE) 595 kJim? (12400) | 2698 fﬁ:ﬁﬁ 230

* Using the 102-mm (4-in) diameter mold.
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Compaction method

Compacnion Test Data Sheet

1. = 1/30 cu.lt. mold, 5=1/2th hammer, 12" drops, 3 layers @ 75 blows/layer
@- .075 cu.lt. mold, 5= 1/2 Ib hammer, 12" drop, 3 layers @ 56 blows/layer

= 1/30 cu.ft. mold, 10 1b hammer, 18" drop, 5 layers @ 25 blows/lryer
~ 075 cu.tr. mold, 10 b hammer, 18" drop, 5 layers @ 58 blowa/laye’

Tria

12 palels)e] )

We! density determination

Weight of mald and wet soil | 13,84 | 14.30| 14,00 | 13,89

Weight ol mald

932| 9.32| 932 932

Weight of wet soil (W

452) 498 468| 457

Wat denuty 135.6 | 149.4]| 140.4] 1371
Moisture determinations
Cup identification B1| 82| B3| B4

Weight of cup plus wet soil | 39.10 | 55.30 | 66.60| 75.48

Weight of cup plus dry soil | 38,15 | 52.81| 62.28 | 68.5]

Weight of cup 15.10 | 14.21 | 14.43 | 14.33
Weight of dry woil 73.05 | 38.80 | 47.85] 54.20
Waight of water 095| 248| 4.32| 685

Water content — %

40 | 65 | 8.0 | 28

Dry density - PCF

130.3 | 140.3 | 129.0 | 121.5
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Yo
Water content, w, %

Effect of compaction procedure on dry density. Curve I represents
results form method using heavier compaction hammer and greater
compaction energy than used to obtain curve?.
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Type of soil Y, OMC
Heavy clay 15.2 kN/m? 28
Silty clay 16.3 kN/m? 21
sandy 18.0 kN/m? 14
sand 19.0 kN/m? 11
Gravel, sand & 20.3 kN/m? 9

day
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Pneumatic Tyred Rollers
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Smooth-drum roller compacting a base course for a rotary.
(Courtesy of Galion Division Dresser Industries, Inc.)
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Pneumatic roller being used to compact sand base for a
highway, (courtesy of Galion Division of Dresser Industries, Inc)
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Fifty-ton pneumatic tire compactor showing soil-fill-weight box
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Close up of projecting feet on a sheep’s —roller .
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Hand-maneuvered vibratory compactor for working close to
structures, (Courtesy of Vibroflotation Foundation Co. Pittsburg,
Pennsylvania).
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Step i Step 2 B Step 3 Step 4

Vibroflotation equipment and process, (Courtesy of Vibroflotation
Foundation Co. Pittsburg, Pennsylvania).
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Details of Vibroflotation at the
location to be compacted the
vibroflot is jetted into the soil.
The compaction sequence
has four basic steps, as
shown (Courtesy of
Vibroflotation Foundation Co.
Pittsburg, Pennsylvania).

a s2illy dlatl) (4 £-4) (S

Cylinder of compacted
material, added from the
surface to com pensate
for the loss of volume
caused by the increase of
ds?sily of the compacted
S0k

Vibrating
unit

B
Cylinder of compacted
material, produced by a
single vibroflot compaction

s ) AaY)
Vibrofliotation unit (after Brown, 1977)
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Compacting equipment <l Slasa (Y-4) Jgaa

Method Type Suitable For;
Rollers | smooth - wheel - Al soil types except wet clay and
Pneumatic - Tyred | uni-formly graded sand.
Sheepsfoot Track - Most soil types, particularly wet
- laying tractors cohesive soil.
- Cohesive soil types, not too wet.
- Most soil types, when no normal
compac-tion plant is available.
Rammers | Dropping weight - small gobs, e. g. trenches.
: Vibrating rollers : :
Vibrators Vibrating plants Granular soils Most soil types.
Doy
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Characteristics and Ratings of Unified soil system classes.

oy mmmmmnmmnmmmumm s
Linified Sod Compacton
Ganeral Sod Description Clasaification Characterisbcs Recommendad action
Sand and sand-gravel mixnres SW, 5P, GW Good Vibratory drum roller, vibratory rubber-tire, preumatic-tire
{mo silt of clay) GP equipment . = o
Sand or sand-gravel with silt SM, GM Good Vibratory drum roller, vibratory rubber-lire, poeumatic-lire
Sand or sand-gravel with clay 5C, GC Good to far Puum“ i , vibratory rubber-tire, vibratory sheep’s-
Silt ML Good to poor Pneumatic-tire, vibratory mubber-tire, vibratory sheep's-
foot
MH Fair w0 poor Preumatic-tire, vibratory rubber-tire, vibratory sheep's-
foot, sheep's-fool-type .
Clay CL Good 1o fair Pneumatic-tire, sheep’s-foot, vibralory sheep's-fool and
CH Fair to poor rubber-tite
Organic soil OL, OH, PT Mot recommended
for stroctural
earth 6l

g
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Soil compaction
characteristics
and
Recommended
Compaction
Equipments

Maximum-Standard
FProctor

Ory Density  Unit

Compaction Compressibility  Drainage
Waight and and
Clags Chargcteristics tans/m}  (Ib/ftY) Expansion Parmaabilivy

G Good: tractor, rubber-  200-2. 16  125=135 Almost none Giood drainage,
tired, steel wheel, or PErvious
vibratory roller

oGP Good: tractor, rubber- LE4=-200 115-125 Almost none Ciood drainage,
tired, sieel wheel. or pervious
vibratory roller

oM Crood: rubber-tired or 1.92-2.16  120-135 Shght Poar drainage,
light sheepsfoot e mipErvious
roiler .

GC Good to fair: rubber- 1.84-2.08 1i5-130 Slight Poor drainage,
tired or sheepsioot impervious
roller

5w Good: tractor, rubber- 1.76-2.08 110-130 Almost none Good drainage,
tired or vibratory pervious
roller

5P Good: tractor, rubber.  1.60-1.92 100-120 Almoit none Good drainage,
tired or vibratory pervious
rolier )

L4 T Good: rubber-tired or  1.76-2.00 110-125 Slight Foor drainage,
sheepsfoot roller IMpPErvious

5C Good to fuir: rubber-  1.68-2.00 105-123 Slight 1o Poor drainage.
tired or sheepsfoot medium impervious
roller

ML Good to poor: rubber- 1.52-1.92 95-110 Slight ta Poor drainage,
tired or sheepsfoot medium impervious
roller

CL. Good to fair: sheeps- 1.52=1.92 95=120 Medium Mo drainage.
foot or rubber-tired impervious
rolier

oL Fair to poor: sheeps- 1.28=1.60 BO=100 Medium Poor drainage.
foot or rubber-tired te high impervious
roller

MH Fair to poor: sheeps- 1.20-1.60 75-100 High Poor drainage.
foct or rubber-tired impervious
roller

CH Fair 1o poor: sheeps- 1.28-1.68 B0-105 Very high Mo drainage.
foot roller . imperviout

OH Fair to poor: sheeps- 1.12-1.60 T0-100 High No drainage.
foot roller impervious

Pt Not suitable Very high Fair 10 poor
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: Control of Compaction Y& aSall g dlaall dlas anai

claall 435 £ o8 aaad qalbaly lgle agall g dlanl) dgles audahs
M3&£\ugﬁ3edj\&hﬂwj(ﬁahJJﬁu\3))
ﬁzﬁ\g_cﬁaﬁ\z\eﬂudﬂw\&ﬁ\&bgﬁi\@w\3

D b i dal) Al

all (5 giaall (alll) g Balig ad ) Bale £ o8 LA (1)

Jad) o J guanll

Agalan®y) dlaal) 485 b JLd) ()

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g



: A okl saaly dladl] e asal) iy

- 48lg) ) I\ OV QI

Gl LAY o jals il g LeSan 3 pal) 4y 80 o Gl Gaas

el Ay ja ¢ ABUSY ¢ Alal) (g giaal) il Lpde Aulanall

e aSally | (o guaill) ABlad) 43U ¢ JiaY) Aladl (5 giaall ¢
A il Al gal) ABUSH (puns claal) LA amy g (8 clanl) dgles

48 g mall (3 k) gaaly dlaal)

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g
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oy Alana Ably ZBS bl Lnd gal) A8USY b 45 jliay
- Icomp dA\J.AJ\ Slaall %devﬂ.nﬁ\ %Jéu.b (3_al)

D b Laa
- W (in — situ)
comp = (maX)
Lomp = Indexofcompaction aal) Jalze

Ya.....= Maximumdrydensity 4dly 43U a8

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Yd (insitwy = IN-Situ dry density : 48 sall A8lad) 4805

Adlat) 43Uy Aud g (Cladl) da )2) el Jalaa o) (6
A dagd Mg ¢ Ailana d8la AU b)) Lad gall
YoV v A4 o Gkl daal) Jlasi @ Jalaal

el %) A oyl i Bel s
/S U'“ 4. QAL“,JL)AM

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g
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daglla jlaBa paay g AS gadall Ay il 8l kg aTig
daglia (LS A1, LgSa da o (8 quuialll (§) 5aY) 4y
daila il iaa die Jarall LB LS il aBgal) 8 3 SaY)
_éﬂgﬂu‘éw‘ G siaall Gl Sa Lgla g Al

:L"AA.LAS&UQKY\DSA m?:is
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: Proctor needle ,5 s 5 (1)

Stem (Calibrated
in kg or pounds)

Silding ring

Necdle shank
Meedle Point

Proctor Needle

D85S g0 Bl (V1-4) Jsd

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



b 8 Adalara Agled ld ALy gha B ) (e Jlgl) 1R (S
Gl gl Aol g3 Al fac) ,0F Jiray ana V, 0 jlalay 4y il
5 8 i3all B GAl Aa )X dary Cuan 7 e Jlgdly Spring
é‘)hy‘hj&w&MSﬁmus&euJ%i’_Sﬁ?‘
c.al@ué'éﬁ\;ﬂ jﬂc’ﬂ&ei,ugaw\ ¢ gaal) g (Sﬁzﬂ &L\\f-bé)
A gl 1) Ao (il g ¢ dulenall clanl) &y jad oL claal)
clis Lyl b gad ghy gisal b ( ) s siaal)
ke Cpa g, Jlgad) Bs) 8 5 pdlie cladl) dnles eyl

GEUSY il adgall b ) (g ginall Cpual (S B slaal
(V7 -A JSd) ddlad

T.®
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: Dynamic Penetrometer (Sselsall (3l 5aY) Sl (<)
ciBal) a3 s oy dgg (VV-A) JSG L Cae gl

A ddac) g9 aw Vv jlalay and oyl hag A ad 4 DU

:\.gu\.gm\ cildal) ade g it ¥ O &GSJ\ C’AM?%S Yo lgdig
(b padiudl 48 5 jrall A4y il £ gl (i £ 53 IS Oy O e

| omp O @sall 2 JLIEAY) 1aa 3d s 45 )

: Nuclear control test 4ugsil) aSadll cf Lad) (a)
adding g, ABUSl g dlall (5 ginall Aad gal) Clulil) (il
Al g1 s8) aan lan B alail) L8 a ghy <l LSAY) 1da

5 gaiall Axala ds) 30 agls 9 ASNY) anlail) Bas g
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Dynamic penetrometer

Kpaall 3

sSsaliaal) G1EAY) Slga (Y V-9) Jed

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Example 1: The following observations were noted

during Proctor’s compaction test with a soil

Moisture
content, % 96 | 11.0 | 125 | 140 | 16.0 | 18.0 | 19.5
Wet density TR | vous | o1 | o

grm/cc : 90 | 1.96 | 2.045 : S | 2.01

Specific gravity of soil grains 1s 2.6. Find out the

maximum dry den-sity and optimum moisture content for

the soil. Plot the zero air void curve and 85% saturation

curve also .

b paiall daala
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Solution :
First V4 for each moisture content will be calculated by the
equation
=
e
1+ w

Then 7y, for S = 100% and S = 85% will be calculate by
the equation.

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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- keeping values of S =1 and 0.85, respectively.

- Now three curves A, B and C between Y, and 42 have been
drawn for
(1) S = 100%. (11) S =85% and
for (H1) finding out Y,max and O.M.C as shown in Fig.
(9-18).

- Values of max. dry density = 1.815 gm/c.c. and Optimum
moisture Content = 15.5% as obtained from Fig. (9-18).
E?:
D%
IBatniny

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Moisture content | o~ | 119 | 125 | 140 | 160 | 180 | 195

INn %

Dry density Y, 164 | 171 | 1.745 | 1.795 | 1.81 | 1.74 | 1.68

(gm/c.c.)

Y, for S=100%. | 2.08 | 2.02 | 1.96 | 1.905 | 1.838 | 1.775 | 1.73

Yafors=85%. |2025| 1.95 | 1.88 | 1.825 | 1.750 | 1.68 | 1.63
5 gecaiall daala de 3 Als S9SN addatl) Bang D
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IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g



Example 2 : Soil for a road embankment has
Atterberg's limits ., as 16%, 24% and 45%. The
shrinkage ratio was found to be 1.85. The sen was
sieved through No. 4 (opening 4.76 mm) and No.
40 (opening 0.41 mm) sieves and 1t was observed
that 90% pass through No. 4 and 789. through No.
40 sieve. Calculate the optimum moisture content
and Standard Proctr's density of the soil. ( use
empirical formuli ).
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Solution :

Atterberg's limits have given as 16, 24 and 45.
.. Shrinkage limit = 16%,

Plastic limit = 24% and

liquid limit = 45%. .

e Plasticity index = 45 - 24 =21.

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g

IEaining



e

~ 104.0-0.67PI

100
~ 104.0—0.96x21

100
k. =0.33.P1=0.40

...... =(0.33x21-0.40=2.93

OM.C= SlXEkz = 16}(7—8 2
A 90

ki

=(0.8993

............ =13.88+2.93=16.81%.

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g

IEaining
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== ""__HH.-,-.'—'_—-

A = % Finner than No. 4 sieve
B = % Finner than No Sieve

100.125k

SL(E—I) -
SR

- Standard Proctor’s density =

100. 125XO 8993

16+ -1+ o

900.00 90.00
—2 145 +54. OO 51.855

=174 ormicc........ Ans.

IEaining

b guaiall daala ds )3l anls (A9 ASNY) anlail) Bas g
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Example 3 : In a Proctor's compaction test the
maximum dry density was found to be 1.8 gm/c.c.
and O.M.C. 15.2%. If the specific grarity of the
so1l grains 1s 2.65, calculate degree of saturation
and void ratio and the maximum dry density.

Solution :

Gy,
Yd

e —1

il
D@y
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- Putting numerical values 1n the above equation.

~ 65x1

c —-1=147-1=0.47
1.8
Se = w.G.
g w.G - 0.125x2.65
€ 0.47
..... =0.857=83.7%............... < Ans. >
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Example 4 : From Proctor's compaction test the dry
maximum density of a soil was found to be 1.75 and

O.M.C. 14.5%. The specific gravity of the soil
grains was 2.6.

- (a) Find out the degree of saturation and percentage
air voids at the optimum state.

- (b) A specimen 10 cm. 1n dia 20 cm 1n height is to be
prepared for triaxial test with the same soil by static
compaction to correspond to the optimum state.
Find out the weights of oven dried soil and water
required for the specimen.
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Solution, (a) :

= GYd
Yd WG
i
S
WG G
ey =
S Ya
WG Gy,
Of o - —1)
S Yd
o WG _0.145x26
” . 2
Y4 | B
............ = m =(ebli=sld%
0.485
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""’;':—'Percentage of air void

L (140)]

[1 5 (1 +0. 144x26)]

~1.Ll75x1377
26

=1-0926=0.074=74%
(b) Volume of the specimen.

% X 102 x 20 = 1570 c.c.
Ya = 1.75 gm/c.c.

-~ wt. of dry soil required
=1570x 1.75 =2770 gm.
Since  OM.C.=14.%.
Wt. of water required

— 2770 x 14.5
100

= 400 gm. Ans.

b paiall daala ds )3l anls
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Fig. la Relationship betveen soll resis-
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al Direct t
ransmission b} Backscatter
( .
drill rod . :"imij e
{scale) gt-r
|| pechanisn
source [i
screen rod
faUge
surface =k I -
detectors
kit ] detectors
¥ %
photon paths 1
SOUTC
Shiba St photon paths

Fig.2 Radiation exposures 1n direct
and indirect modes.
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Singletym {40 P e poatire Dhual nyre
13.4-H 5 dimeraion
Depth, em
160 s ] 160 6P
— L m— o) L'
]
L T— ia

3 — s —

e Ei 174 iPa
17 kP el e

Fig. 3 Pressure distribution exerted under
gingle and dueal tyres.
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L Fass 1

= Paga 2
= 20~ Pasa 3
- - Pasa 4
4
3 15 =
R -1
o =
&
~ 100 -
i
o R
L]

s -

ﬂl‘lllllt|l|I1I.IJ__
-4} =30 <30 8413 0 10 0 m 40
Distance from wheel center, ca

Fi#. 4 Preszure distribution measurements im clay soil at
7.5 ca depth {USA) caused by a 18.4-M in. tyre dimension,

infisted by 160 kPa and carrying & 40-kN load.
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