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Preface to the first edition

“  Different educational insttutions in Indiz bave now developed their svilabii whereiz

esting of highway materials have been included. Hence an urgent need of a suizable
y manual has been felt. This book though pardcularly designed for engineering
deals with the routine tests that the field engineers engaged in paving jobs may

also need to carry out.
; In-preparing this manual, authors have extensively used the publicaton of ISI. BSI
ASTM, and'Asphalt Institute. The help received from these publications is therefors

gratefully acknowledged here.
Roorkee (UP) = Autbors
January. 1. 1969,

?'Preface‘to the third edition

) ¥ EoRly
FrC

revised in general znd noteworthy revisions have

In this edition, the book has been
orth Dakota Cone Test for subgrade soil,

been made by. including new ‘experiments like N I
tests for Joint Filler and Sealer, and tests for Stripping Value of Road Aggregates. Latest
Roads Congress have been included. It is hoped that this

e more useful to the stdents, reachers and the practsing
Venkatesh is thankfully acknowledged.

recommendations of the Indian
revised third edition will prov:
rs. The assistance réndered by Sri S.

enginee
Rodlfkee (U.P.) " f Authors
April 20, 1977
* -~ .

A new experiment, Ficld Density Test has been added in this edition 'u.nde.r Part 1
de in several other tests, their discussions and

of the book. Minor revisions have been ma

 Preface to the fourth edition |

applications. . )
) Authors

November 14. 1984

L ————
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strength or stability characteristics.

Fo;" the- design- and construction. of highway-and airfield,.it is

in use irto koow and clasify the pavement materials into different group

S e e
imperative to_carry out tests on

construction materials for -their scientific designing and economic uti]iztr.iol‘:l. :I'he ig.tll%gr.egouomy in
! construction depends upon the maximum use-of local materials. The prithe objecdve of the different tests

depending upon their physical and

Different types of . pavements are constructed on "roads for the safa ancl cou.lfonable movements of
various types of vehicles at the. desired speeds. All these pavements are laid over a prepared soil surface

_ called subgrade. Therefore it it necessary first to test the properties of the subgrade soil and to evaluate
s supporting capacity under 1€ adverse moisture conditions, before taking up the design and construction
of the pavemenus. The basic tests needed on-the subgrade. soil for this purpose are for the identification and

. classification of the soil,  its"density and compiction ¢haracteristcs, - It is also necessary to determine the

strength characteristics of *the sp_bgrnde'vfor the" design of pavements.

subgrade soil are given in Part I of this book.
~—— Y o

Some of - the important tests omr

l’;é\'ven':en}s are classified into two major gmﬁpa as flexible and-rigid.- The pavement sections which do

not fall in any one of these types, are being classified as semi-rigid or semi-fexjble. - Depending upon the
technique and.the material of comstruction; . the pavements are- classified as (i} Water- Bound Macadam

(B} Bisuminous (iij), Cement Concrete and (iv) Seil Srabilized. In most of the constructiorr techniques, stone
aggregates. are: commonly” used. The- suitability of road. stones. are judged by stadying. their resistance

; = . ageinstimpact, abrasiam; crushing and’weathering action.. The other properties. off aggregates. which: are

important are theirshape factor, specific gravity; water-absor
"~ important:tests on}agg':egatuﬁruse-‘ua.p
Bl & i SRR

h

;e .Im-_‘

- withbinding agents. like., (i), sait shurry, (i

§

ption; mlaﬁwaﬂiniqnwf;&_bimmen;efc The

ayemient material have been presentedin: b are 11 of this book.

2 L8

fuminous.

pari Qus: mirs, r.hé_:_-gmare.sh’ are: bound.together it:a.‘g_;ay_qgegq_nqmpqqenthyer

(i) ‘P?nlan; cement. Thus the test on: these binders are-also. carried: out.. The use-of bituminous pavement
for ‘sireets,” highways- and  airports has Jncreased quite rapidly” during_the last few-'decadek. Q\'id:.fast

developing petroltum industry in. Indfa, more birumino
o= t‘?htximhe_snnl.ikbpenemﬁop, dui;:ility,.:ofleni.ng,péim;

Biwminous mixes are used-in. the surface course of pavements;

used in i the base course-of some flexible pavements,
the varying eonditions oj_' climate and. traffic, There ar

of the more common methods are given in Part IV of the book, -

Most of the
countries by differen;
are based on those
However in the case of tests no
of oth

Materials; Asphalt Tnstiute,

Y through many standard publications,
ests. on soil, aggregates, biy
agg?cfiu]inlziludom. " The
given by the Tndian Stap
t covered by the 1S
other sandard 'organisatigns like the Brirish S

etc. have been followed.

mixes are not include

dards’ Lnsticution (IsT

tandards [nggj

iv

or the [RC, th

us materials. would: be- available for- utilization
: wlike fash-fire’ point-etc;  are- in use'In “classifying and
lemng‘of ‘b|r|.|‘mmoua materials. * Viscosity teat 'is' also“ificluded in‘'recent years for defining-thi
for their ngnu_ﬁc use. *Pact I1T of this book deals with the tests on bitumin

e materials
ous marerials.- :

some types of bituminous mixes are also

)

These paving mixes are to be designed to withstand
e several methods-of bituminous mix. design.

Two

d here as these are extensively deait within

Uminous marterials and mixes are standardised in d:'.ﬂ'e'reﬂ'
test methods, details and Specifications given in t.-hir book
and the Indian Roads Congress {IRC).
© Specifications and recommendations

tation, America n Society for Testing
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Introduction

Soil is very essential highway materia] because of the under. mentioned rvasons :

i) Soil subgrade is part of the pavement structure; fuﬂher the design and behaviour of pavement
; especially the flexible pavements depend 10 2 great extent on the subgrade soil.

- W

(ii) Soil is one of he principal materials of construction in soil embankments and in stabilized soil base
and sub-base courses.

. In view'of the wide diversity in soil type, it is desirable to classify the snbgrade soil into groups
possessing similar physical properties. Many methods have been in use for this purpose.” Soil are normally
classified on the basis of simple laboralory tests such as grain size :uutym and consistency tests.

5011 compaction is :::npurtant phenomenon in’ h:ghway construction as compacted subgrade improves
the “load: supporting ability of pavement;in turn resuliing in decreased pavement thickness requirement,
Compaction of earth embankments would resuli in decreased settlement. Thus the behaviour of soil
sub-grade material could be considerably improved by adequate compaction under controlled conditions.
The laboratory compaquon test-results are useful in specifying the optimum moisture content at which a soil
+ghould- be, cumpacted and the dry de_nmy ‘that should be aimed at the construction site. The -in-situ
_density, of prepared subgrade as well as other pavement layers has to be determined by a field density
-test for checkmg the compaction requirements and as a- field control test for compaction. -

-

{' There are a number of tesis for measuring soil strength; some of them give the strength parameters
of ‘the soil, other methods are empirical ind_‘givc’ only arbitrary strength values. The types of the strength
‘tesis may be ‘classified as shear test, beiring tests and penetration tests. The triaxial test results are usefiil
10 find the strength parameters, viz : cohesion-and angle of internal friction and -modulus deformation of
'sofls. The California Bearing Ratio test is essentially a penetration test which is carried out either in the
‘laboratory or in the field. This test is suitable for the evaluation of strength of soil and aggregates. The :
method has.an important place among highway maierial testing programme, as it bas been extensively
correlated with flexible pavemen't design and performance. North Dakota Cone Test is another pfaetration

" test which may also be carried out either in the ‘laboratory or on in-situ soil in the field. but jis use is..
resiricted to fine grained soils fiee from coarse particles. Plae bearing test is carried out either on
|ubg-radc to find the mudu]us of subgrade reaction or on a pavement component layer for pavement
evaluauon.

Vol

There are, aevgral !0!15 which are unsujtable as htghua\ material, since they can not be used as such
in the base course, sub-base or the subgrade. The strength and durability cbaracieristics of these soils can
be improved 10 the desired extent by adopting a stabilization techniéuc One of the widcly used methods
of sr.ab:h:anon is soil-cement which is applicable 10 a fairly wide range of soil types~ "lhr cement

lra‘blhztd sml can bL usrd in iub—-'h'.lst and but courss layers of pavements, i

“Here in this section test for grain size analysis, consistency limite, soil compaction, triaxial, CBR, NDC
. and plate bearing tests and mix design of soil-cement are included. |

_ i
1 ' /
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Pr o : Ty c Graiﬁ Size Analys;

' INTRODUCTION

RN
'

re buéd.qn _cer:{al'n Physica] Properties
are th grain size istribution,: iiquid i t?f
used in empirical design . methods for ﬂe‘dl:l“

1 ; B 0le

Most of the me:hod'_ql for
* the soils, " The commonly used

and plasticity index. Thess
_ Pavemenys; and in cieciding th

soil identification and classification 3
Properties for the clAa'ssiﬁcatiér'x
Properties, have .also. been
gl eisgitabil_ity offubgrade soils.’
: d_G'rau-.t size analysis. also known as mech i l : 2
. individual grain sjzes Present in the sam lamml ;
In mechanica] stabilization of soil .and !bp 5
are us.ed.‘ Correlations have also bee
A b.d-nay'zour asa scfbgr_a;le material and
f‘g’d Pavetlents etc. Also permeah;
:3pProximately _eqﬁﬁ:ﬁte@ based on grz

o na]);ris of soils is t
: erreSt'x ts of the test are of great valye i i
r .designi - Pty R coeenetl el .
o b OB NS 15 sl of g
bt suéhgmm size d%st.n;bunon of s0il and the genera] s-:TI5
[iw;char'ac'ter;g,_i,_—s beas._ mgcep'r:b};x;){ﬁ; lo,‘frogt _'aéu'oh,. pu:izbi.n lf |
i il e, batiog caraciy o o i o208
The soil is generally divided : Ao Rt R A e
: Y divided “parts bised o e
The ‘ﬁ-acﬁ'en-of “soil which'is
: » between 0, d
; ay.d Tu.r_o types of siaves are’_'aVa:i]a'gﬁ:z:eot.)?s:
ﬁnznﬁé_:::g:? vth(fth.E.xér_"_typé‘- being" mesh ‘sieves
: es and ‘soil ‘fraction consisripc
I e e L
;;,ﬁ"q 3. Per. the “British and . American
ind clay which-are smallor i acn size
g./'There'fo':'-e theé g ‘
finer fraction: ]':)-assling-

coarser fractj . “with- 0.075 mm -

out usi ;1‘57—101::'0“ soil is carried OUt using sieves ame penin

; sing B'prmcig[e of e dimemau‘on bR e-!A and thag of
. T}lé‘méé’ﬁ@él-a‘n % dgy ter.

Tain:size . analysis of the
: 0.075 mim sieve is carried

or_“"? Parts: < U0 A

) the analysis for pe g géa' ed fr

Y The sieve -anal
succesively sma|]e
sample.

Y5is is a sim

i . GRAIN SIZE ANALYSIS s

size ranges. Two methods of sieve analysis are as foliows -

(i) wet sieving applicable to all soils and

(ii) dry sieving applicable only 1o soils which have pegligible proporuoe of cay a=d wlz,

The soil received from the field is divided-into twp parss : o=, the fracioe reamed o 2 mm teve and
the other passing 2 mm sieve. The sieve analysis also may be carried om separzelv for these rwo fractions.
The fraction retained on 2 mm sieve may be subjected to dry seving umog bagrer B=ves acd that passing 2
mm sieve may be subjecred to wet sieving; however if this fraction conmsts of mogie gramed soil with
negligible fines passing 0.075 mm size, dry sieving may be carried o
Apparatus v

Various apparatus include set of standard sieves of different sieve sx=, balance, robber coversd pestle

. and mortar, oven, riffle, sieves shaker.

Pt_'oudﬁ-re !
(a) “For the fraction retained -on 2.0 -mm sicve
‘Sufficient quantity of the dry soil rerained on 2.0 mm sieve Is weighed ot The= guastr of sample

taken may be increased when the maximum size of pardcles is higher. The sa=ple is separazed into
" -various Fractions: by -sieving ‘through “the set of sievesof sizess 100, T3,20.7F, 3, ¥ 75 2nd 2= TS meves.

. Additionzs) sieve size wmay also e dntroduced if mecessary. -After initial gieving, The marerial reaimed on.
each sieve s -collected, the Jumps broken down using mortar and rebber covered pesti= and is re-sieved
“Thus the s0il fraction retained on each sieve is carefully collected and weighed. e

b)—ﬁilu ‘fraction passing 2.0 mm sieve -and retained on D.063 wem e

Dry sievihg may be done in the case of soils which are cohesionless, single grained and withoutfomps. ’

“The required quantity of soil sample is 1aken by rifling or quartering method, dried in oven at.105.10 110°C
and s subjected to dry sieve analysis using a setof sieves with sieve openings 2.0, 0.6, 0.425, 0.15 and
0,075 mm, pan and lid, additional sieves may be used or any of the sieves removed, depending upon the
_ requirement of ‘the test. The material retained on each sieve and on the pan are separarely collected
and weighed. C

W

ry sieving is done on the fraction Tetained on 4.75 mm sieve using 100, 80, 20 and
retained on 0.075 mm

.t As per the lSI_d : o
4775 mm sieves. Also dry sieving may be done on fraction passing 4.73 mm and
.sieve if the soil is not clayey, using 2.0, 0.425 and 0.075 mm Seves.

'Wel sieving may be adopied -in the case of clayey or cohesive soils or when the soil is not single

The soil finer than 2 mm size is oven dried at 105° 0 110°C and the required
spread in a tray or bucket and covered with water.
dispersing agent like sodium hexzmeta-,
(1.0 g) per litre of water may be

"grained, but bas lumps.
quantity taken by riffing is weighed. Thissaraple is
In -case, of soils having fractions that are likely to flocculate 2
phosphate (2.0g) or sodium hydroxide (1.0g) and sodium carbooace
added to the water. The mix is strirred and left for soaking.

“The soaked soil specimen is placed over th n . i
Botiom and washed thoroughly, Washing is -continued tll the water pasing esch ne:; a;-::m; ﬂi
clean. The fraction on each mieve is empred carefully ~without loss of material in sep! " !

dried at'105" to 110°C and each fraction weighed separately.
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- e G

L,

o set of sisves of xizes withthe finest sieve and pan at the


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

GRAIN SIZE ANALYSIS

Calculation

weight of the sample taken. When a soil contains material coarser as well as finer th:

The weight of dry soil fraction retained on each sieve is calculated as a percentage of the total dry

an 2 mm size, the

combined gradation on the basis of total sample should be calculated. '

Results

i ilnifurmiljf cogfﬁciént of soil is expressed as

.and 10 percent finér.

The results are plorted on a semi-logarithmic graph paper with the gm{n size or sieve size ;;n the
X-axis in log. scale and tie percentage finer than each size ori the. Y-axis'iri ordinary scale (Fig. I1.1). The
smooth “curve joining the points thus obt_ained is known ds the particle size distribution curve or diagram.

Der g ie,
D—:—::- where Deo and Dig are particle sizes corresponding to 60

GRAIN SIZE ANALYSIS FOR PORTION PASSING 63 MICRON SIEVE B‘Y‘SEDIMENTATION

Two- methods are in.'use based on sedimenraton p

rinciple that the larger grains settle more rapidly

than the smaller ones.- The Stoke’s law is made use of according to which the velocity of settlement of
spherical parricles is proportioral to ihe squate of their diameters. Thus if the depth and the duration of
settlemenc_are known, the velocity and hence the diameter of particles at that depth can be estimated.

The percentage of particles finer than -this diameter should be found using any one of the two methods viz;

-* (i) . Pipette method and °(ii) . Hydrometer method.
Lur TR 3 . Pafeed 4w Sl e

¥
~

(a) -Seil : classification

- Grain Size Analysis. < ... G

Applications of Grain Size Anmalysis _ .

Details o« the: pipette and hydrometer methods are not incladed i this-book as it "is beyond the scope
of the’ coverage, - For- Qetﬁih please refer 1.5. 2720 Part IV, Indian Staﬁdmﬁ Methods of Test for Soils,

ce=

Y Tl B

< dn most of the_ soil classification sys_ieiﬁs the percentage of material passing 200—-—mesh ;ihd_{io—mesh
s_ie:vc‘ E'!Sﬂ»_‘and' ;-1-:'20.u_1i't-:r_cir_1& ‘agl_zi"t‘ure) y;u_re J)le_gn F:}miderfd from the Vgrq'iu::siz:eja.n:a.l?_:ié',» thD!.igh\ égme
classification systems use percentage of silt and clay present for classifying the soils. Hence ofdinarily the
sieve _'aha‘ly?is. (dry or}ue‘t_)'@illl_ 5& ciﬁitg"juﬂi&ent; along with tes fOI:‘ cun';irst;gﬂd;f,ﬁm‘ir’;,"fu'r identifying and
classifying ‘soils;,'f The - two \yi.d‘e[y_acqutcd. sn‘il‘éléssiﬁcatio:i é_ysig:ﬁ; fo@-_'!-ﬁg)h._\r\ray éﬁgiﬁéér{ﬂg_‘ﬁgﬁ:{{ueg are

(i) the Highway Research Board (HRB) classification, also known as American. Association of State

. Highway Officials (AASHO) classification or_revised Public Roads Administration (PRA) classification and

(ii) The Uﬁiﬁéd-&lﬁﬁﬁFﬂﬁbﬁ system, also known as revised,Casagrande ¢lassification.
~of classification have based their ci
.plasticity index of the soils. -

determine the_ percentage- of silt and clay,
method of test may be adopted.

However for knowing the grain size distribution o

{5) Grain size distribution :

The grain size distribution curve gives the exact

: BOth Lhe;e .S}l’ltEIII!

lassification on the grain size analysis by sieve analysis, the liquid 1jii1ii and

{ sdils finer. than 75 or 63 micron size and to

the sedimentation methods namely the pipéne or hydrometer

L

useful to indicate the gradation;

‘

i'de.a regarding the gradation. £ th » ils, . h ossible
“to identify whether a soil is well graded uniformiy graded ¥ S e arnclation of.fhe a 2 pos

s or poorly graded.  Uniformity coefficient is als?

N
OBSERVATION SHEET ‘
']
i H I
Sastrer am = !
GRAIN SZE DSTRBuTION
_ Figure L1 Grain Size Diswibuticn Dizzram
GRAIN SIZE ANALYSIS—Sieve Analysis
Description of soil : o i
Type of sieve analysis : dryjwer Tosal weight of sod sample, ‘= 3
-~ . |Weight of s . ] : : {
Sieve opening (Weight of sieve or guh 3 d:; - Weight of soil C“m‘fh_'n"l { Comunlagve ]
) ordish, g il S ks Tetained, g W_=sm | pezcez | Percent Finer i
Y sou, & retained, T | retained ]
- 100 mm [
v 63 g ] | |
‘ N
‘ 22 ! ' -
s |
6.3 ,, i
475, i
i
2.0 ; % by = - : .
<5 : ! . ; v
I 600 micron
. . 212 ! )
2 | jo
75 t i |
& 63 - g 5
| : ; i
Passing 63 ' s ‘
micron I ; l v :
Report on grain size distribution from the diagram (Figure 1.1)
Y 2 D, . e
~ = Uniformity Coefficient = L: = Re e
Report on the gradation of soil :

REMARKS (if any)
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6 . GRAIN SIZE'ANALYSIS
(c) Prnpnmamng soils for mex n’mgn
" In ' mechanical soil ltnb;hznhon th

that & desired grain size distribution is o
s0ils the grain size distribution of eac.h soil 1

e main pnnc:ple is to mix a few lclec:ed soils in such a proportion
btained for the dmgn-nux Hence for pmporuomng the selected
is to be first known.

(d) Group index method of pavement design
See discussion of Expenment 2, Comnsmncy Limits and Indices.

om el

-mmiaﬂczs ?

s’ 0 Funda.mentals of Soil Mechanics D.W, Ta_ylnr, Ann Pubhshmg House,

"2. Soil Testing for Engineers, T.W..Lam-b:, Jobn Wiley-and Sons, New York
3. Method of Test fer Soils, 15 : 2720 < 1965-74, ‘ndian Stendard Inm«!uﬂnn
Indian Standard -on ‘Classification and 'Identificanon wof 'So)ll i‘or Geueral Eng'meu-mg "Purpose,
1S : 1498-1970, -Indian Standards Institution.

5, - Soil Mechanics for Road Engipeers, D. S.LR.,HM.S. 0 Lu'ndo:n
6.- Methods of Testing lel for ClVAI.Eng;meamg Purpones, B.S. 1961 3ntuh Slandard.: Institution.

T.ROBLEMS

"1 , “Why is soil considered asmn :mpommt bxghwny materinl ?-

°2.  Why is wet sieve analynis ‘adopted in some cascs and dry sieve analysis i in other cases 7
How would you interpret the grain nzc_dutnbuuon diagram of a given sml ?
What is the principle of sedimentation analysis ? A

Under what circumstances is the sedimentation analysis suggested as part of grain size analysis,

What js a deflocculating agent 7~ What is its function 7

N ot

sedimentation tesu ?

Define uniformity coefficient and explain its significance,
9. ‘What are the applications of grain size analysis of soll ?

-

What are the types of defloculating agents commonly used in the wet sieve onalysis and the

N

cause, reducuon in volume.

2

Consistency Limits and Indices

INTRODUCTION

The physical propertiesof fine grained soils, especially of clay differ much at difereat water contenus.
A clay may be almost in liquid state, or it may show plastic bebaviour or mav be verv i depending on
the moisture content. Plasiicity is a propeny of ouistanding impeorsance for clawey sotly, which mav be
explained as the ability to undergo changes in shape without rupture.

\uerberg in 1911 'propo‘rd a series of tests, mosily empinical, for the determinanoa of the coassiency
and plastic properties of fine sails. These are now known as Atterberg Emin and incices.

Liguid limit may be defined ‘as the minimum warer content it wich :de sul will 33w uader the
application of a very ¢mall shearing force. The liquid limut is usuallv determined  the laboratory using
a mechanical device. An aliernate method using a cone Depeirciieter s also wmmenmes uted for

‘determining the liquid limit of soils.

Plastic limit may be defined in general terms, as the minimum meisure coarent af which the soil
remains in a plastc state, The lower limit is arbitrarily defined and determiined in the laboratory by a
prescribed test procedure. Plasticity Tndex (P.L.) is defined as the numerical difference betweeen the liquid

and plastic limits. P.I. thus indicates the rapge of moisture content over which the soil sm a plasdc

) cundition

Shnnkagc limit is the maximum moisture content at which further reductiondin waidr conteat does not
It is the minimum water content that can occur in a clavey soil sample which

is completly saturated.

Consistency limits and the plasticity index vary for different soil tvpes. Hence these properties are

' generally used in the identification and classification of soils.

2,1 L1QUID LIMIT TEST
" . Liquid limit is the moisture content at which 23 blows in standard liquid limit apparaws will just close
a groove ul'smndnrdmd dimensions cut in the sample bv the greoving ool by a specified amount.

Apparatus

Mechanical liquid limiit device consisis of a cup and arrangement for taising and dropping through
u specified height, as shown in figure 2.1.  There are wandard grooving tools (A1 and (b) as shown. Other
apparatus include spatula, evaporating dish, moisture containers. balance of capacity 200 g sensitive to
0.01 g, and oven to maintain 105° w0 110° C.

.

Procedure
About 120 g of dey pulverised soil sample passing
thuroughly with distilled water in the evaporaung dish to farm a uniform thick paste.

425 micron IS sieve is weighed, and mixed
The liquid limit

W
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: J t laced in the cu '
gevice is adjusted 10 have a free fall of cup through 10 l:lnm hA Pﬂr:z:r:’;:;] :xa:f:c,: PThe iperince 11: Hence if the flow curve is ‘extrapolated and moisture content wio and wigo corresponding 10 10 and 100
above the lowest spot. and |queezed down with the spatula to have 1 i blows respectively are found, then the difierence in these two water conteats would gwe the How index of
[ spatila in such a way cHatthe maximum depth of soil samplein the cup is
trimmed by firm strokes of spa r llowed _the soil as indicated above.
10 mm. The soil in the cup is divided along the diametér 1hrough the centre lme202 :hcham o owel (I;})f - A
shown'in figure rooving ool B ) —
f the grooving tool so as to get a clean sharp groove as - ’
f:::l::kz:i ro: g::-Il soils, whereas g'movmg 100l (a) mway be used only in clavey.soils free from sand .22 PLASTIC LIMIT TEST
Pu'ﬁdes or §brous materials. """ Plasic limit is the moisture content at which''a soil when rolled ints thread of smallest dizmeter
F : o possible, starts crumbling and has a diamerer of 3 mm. - R
czt- cfa_s" -{1]. . s , . N . % . AL _‘ AP s . R -
s H - \ s “in i PR PRI . 2 - -~ — -
Tl > it b e ARt . bR e S N HE N Sit Evaporaung dish, npatula, ‘ground glass plate, 'muisture containers, rod of 3 mm diamerer, balunce
ik iy no_,l e o i i e A R RATE O G R 2 :enmuve 10 0.01 g, drymg oven controlled at lemperltur! 105° 10 110° C.
L1 LT 5 e . g 3 N e e i
SeCTioN cET ", g0 PSR el ek e Ve s g ) | Procedure : At
N p‘@me iz 3 = oy ® il a e Ter G e A e , About 20 g of dry, pulverised soil passing 423-micron IS sieve is weighed our The soil is mixed
SECTION BB - cm“'“ T°°" e PE el RS G e i U thoroughly with distilled water in the -evaporating dish till the soil paste is plastic enough 1o be easily
g TenL ) FR i L : ETEFT S T = I “moulded with ﬂngers A small ball is formed with the fingers and this is rolled berween the fingers and
Gy e e gL gl - “the | ground glass plate to a thread. The prea.;ure just sufficient 1o roll into a thread of uniform diameter
i R lhouid be used. 'The rate of yolling should be between 80 and 90 strokes per minute counung a stroke as
# - b Y - | one numplete motion of.hand forward and bad: 1o ‘the ‘starting position.again. The rolling is done 1ill the
* SO | diameter of the thread is 3 mm. Then the soil.is Imear.led together t0.a-ball and olled again o form
; AR AR th:ead Tlns process of alternate rol]mg and kneading is continued until the thread crumbles under
-

"‘j Lot | pmure required for rolling and the soil can no longer be rolled into 2 thread.

o ! 2t | Jf.the crumbling ‘starts at diameter less than Bmm, then moisture content is more than Pll:iﬂ-l: lnz:ut.l:nd

SECY - .
aLL .,,M:,,s.,,,s,,,m st X, At .. Bl CAXE AFTER Tes' e
, . PP R by | if the di ter i ter while crumbling starts, the ‘moisture content is lower. trial, the threa .

f-‘;gure'z | ’quuxd Lnnu Apparams aud Grouvmﬂ Tools . Figure 2.2 Sml Specnmen_ wuh Groove cut | :erf,.er:'afr;:n:: i T.ndergnurm;l rolling should be obtained and t::; should ;e c:d:il:’::

iy . transferred to the moisture comainer, lid placed' and weighed 1o find the wet weight of the thread. The
- The crank is rotated at Ihe rate of two revoluuuns per-second (eu.her b\ hand or electrically depending container is kept in the oven for abour a day- and dry weight found to determine the moisture contentof -
- upon whether it is = hand '311‘131'3“3‘j or electncal.ly operated m“h"-“-‘) 80 tbat the l"“P is lifted and dropped. -the thread. The above. pmcss is repeated to get atleast three consistent values of the plasuc ]mut |
+ This is continued ull the two halves of the soil cake ;comc™ into cunta:t at the bouom of the groove along a fre ! S ) i . }
distance of about 10 mm, and the number of blows given is recorded. . A repr&iemauve “s0ili¥ taken, plaged Caleu.lnunn - !
in the moisture container. lid placed overir-and weighed.. The container 'is dried in oven and the dry . .. The plastic limit (wl‘) i “p,.med asa whole number by obiaining the mean of the moisture contents -
~ weight determined thenex( day for finding the moisture content of the soil. . The opcrauons are repeaté’d for I \of the pimc ].mn ) . o
i 1 N : T . ot |

atleas: three more trials with slightly. increased moisture contents each’ ume noting the number of ‘blows so

that there are atleast four uniformly disiributed readings of mm:ber of bluwS between 10 and 40 blows.: Plamcny Index (.P L)is calculaleﬂ as the. dxﬂ'erence between liquid limit and plastic .hmu

Calculations -3 Pl.lsuclq Index, I,,1= Liquid llrml - Plasuc limit., . i

The flow curve is ploted by ‘ahﬂg the - number of blows in the 101; scaie on the }.—am and i = wi—wp

the waier content in. arithmeric scale on the Y-axie, see Fig. 21701- observation shect. The flow curve Toughness Index (1) is the ratio of the plasiicity index to the flow index and is given by the formula :

is straight line drawn on this semi-loparithmic plot. as nearly as possible through three or more plotted { ot b
poini:.  The moisture content corresponding 10 23 bluws is read from this curve, rounding off to the ncaresl g Tv- ‘ o
whole number and is reporied as the liquid limit wy of 1_],.3 soil. wh,,-e r ' ' I
Thes e of the sir e ' e = B !
e lop e straight line fiow curve is the flou mde:. It may be calcu_laued from the following Ip is the plasuury index and l. is lhe Aow index.
Flow Index. Iy = 12V wio—=win Liquidity Index Iiis given by Ty = —=—" |
logna—logu; ~ Togye 100710 — W10~Wion - - er _ . * ) - |
e 4 &0 am F i s £
= SRR T - | i
1
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CONSISTENCY LIMITS AND INDICES

w, = natural mbisture content of the soil.

o " .

v, T : Wy Wa . )
Consistency: Index, I, is given -byl I, = T ‘ ;

2.3 SHEINKAGE—LIMIT TEST

Shrinkage limit, ws is the- maximum water content at which a reducuon “water toutent will not
cause decrease in volume of the soil. It is also the mxmmum mmsturn content to keep a 50|l. saturated
* without increase in volume. - : i Lot

‘Appuﬂtlll
. Evapomung dish, shrmkage dLSh of duuneter 4.5 cm. and helght !5 cm: (both uuernal) spatula

“straight edge, glass cup 5 fo 6 cm in internal diameter and 2. 3 em hem’ht two gla.ss pla.tes 7.5em X 7.5 cm,

one plane and the other having three metal prongs. Also olher eql.upment needed are a 25 ml graduated
Jar to read 0.2 ml, baIance sensmve to 0.0l g, mercury !uﬂ"lc:en: to-fill lhe glass cup and a dessncator-

B fait el ok L B % ] s EE S

Pm:dltre . " ~

About 30 g of dry pulvemed soil passr.ug- 425 -micron meve is we:ghed out.
evaporating dJsh and r_homughly niixed “with’ d:_snlled water to ma.ke 2 pane :]‘Ja: may " be readﬂy worked
-* into. without entrappmg air- bubbles

The sml 15 placed in the

The Water content to form the pasté may be a little- more thar the
liquid limit. The inside of the shnnkage dish ascoated wuh a thm layer: ¢ of va.lelme or heavy g-rease o
* prevent adhesion of> soil 1o the ‘dish. - The sonl paste equal 1o roughly one l.hl.rd the volume of the—d;sh is
placed in the centre of the UisH and the Ppaste i 1: allowed to flow- to ‘the edges by tappmg' the d:sh_ on.a firm
surface cashioned with a few la}'ers ‘of blott.mg' papur or similar mate'nal
paste is added and’ tapped: s6"'that ‘all the -air bibbles enr.rapped come- to the top: and ‘the Paste gers
compacted. . The process is continued till: the paste fills the dish: compIeter and starts overﬂowmg.
_ excess paste is srruck oﬁ'by a sirmght edge and the outside oflhe dish is wxped clean!” . .o
The dish is u:nme&iatelv wmghed and the pat is* allowed to dry in-air 1ill the calour of the pat'becomes
hghter.A Then the dish is kept i in.an oven. a: 105°-to 110°C to constant. welght cooled in a dessicator and
weighed -o find .the dry: weight. ~ The weight of the empty dish " i
chrinkage’ dish is found by*] pouring mercary, until it overflows, rémovmg the excess by pressmg the plain
glass plate flush with surface'of glass cup and méasunng the volume of the mercury in the dish by pourmg
m lhe g'raduaze . e .

_ The glass cup is ﬁ].led with mercury unnil it overflows and is pressecr ‘wu.h ‘the glass plate havmg three
::::::ry a':luucclﬁe ;ulls 0: mercury ia placed in a clean evaporating dishy: the_ dry soil pat floated on ‘the
the surface. Care : l:k:;ced under by the glasy plate with prongs.. The plate is firmly-pressed flush with
velume of mercury displ 19 S Lt 26 air is enwrapped under  the par. Refer figure 2.3. The

*reury displaced is measured in the gra.dum_e and this i ,, rel:orded e the vdlume of the dry pat.

Calculations b : WL :_.

Moisturs content of the soil pasée taken in the shrinkage dish i calculajed < {5~ 1 T

o — [Wi—W,
W% (w, Wa) 100 percent

where Wy, Ws-and W3, a ; Py ST S, ; .
duh . » Are respectively the weights of- dish plus' wet soil,” dish plus dry svil and

Then another equz.l quantity of

The-

determmed. The volume of the ~

CONSISTENCY: LIMITS AND INDICES

N T

120" A8y, L BEFORE SHRINKAGE gaeTEn B

[}
.
%g’ AJ | cLASS PLATE EVAPORATING Dt - H
TP OF CLASS msH
CROUND SURFACE

& 157515 MM

MERCURY DISPLACED
BY SOIL PaT

DETAIL OF GLASS PLJ
LATE  METHOD OF OBTAINING

DISPLACED MERCURY
ALL DIMENSIONS IN MM -

Figure 2.3 Shrinkage Limit Test

B SO

_Shrinkage hmu Wa of remoulded soil is calcula:ed from the relation : ws = w— w ) 100
o 2

w = moisture content of paste formmg wet pat, %

where,
g Vo = Volume of the dry pa:, cm®

V= Volume of wet pat, cm3 |
: “o = We:ght of oven dry pax (Ws—W3), g
w o . .

S]mnkage mno, R, is given by, R =

Volumetric shrinkage, "V, is given by, Ve = (w1 — wa), R = (w1 — wa) __:?"
i S . A

where . 'w; = Stipulated moisture content, % ; ws = Shrinkage limit; R = Shrinkage rato
Shrinkage limit can also be calculated just by knowing the oven dry weight and volume of a pat of soil

and. the specific gravity G q(‘ soil particles. This method is especially suitable for finding the shrinkage

| limit of undisturbed clayey-soils. % . : ST
. Yo 1

Shrinkage limii of undisturbed soil is given by, we = (—“— -5 ) 100 percen:
13} ) 3 o 5

Where., Vo = Volums of 8ry pat of soil

| : i il Weo = Weight of drv pat of soil. .

] ) : \ . . G = Specific gravity of particles.

Dlscusslon

L’ﬁuld hmu may- also be dewrmmed by using ‘the cone penctrometer siandardised by ISI. The

’“elbod of test is given in I.S. 2720 part V. The liquid limit of a soil is the mnisture content of the pasie

¢ which would give 25 mm penetration of the standard cone in 30 scconds.  This method is fairly rapid when
compared with the on: carried out by the standard miechanica! device.

Determination of plastic Jiniit correcily needs utmost care and expericnce.  Several determinations may

" be necded bcfore gelting three or four reproducible valaes.

|
| -The wet samples t:allccu:d for moisture content determination during both liquid limit and plastic limit

tests should be placed in the moisture conainer and the lid securely placed immediately before weighing.
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y e o weighi il sample of soil will cause consider

Yelay in closi i jner and in weighing the wec soil sample ol cable

Dell’Y N f'ﬂﬂﬂx e l:f:r ﬂln:::;:u-nﬁty of the soil sample, especially fiv.fru.:g-dr}' wealther. .One of the

lnll‘m mum“r:n:o?:nnsislen: results ‘during the liquid linsic and’ plastic Limit tests is the error in the
3 3 ] P s - . Nl

demﬁnin-ﬁoa of maisture conzm"v_llues causgd by evaporation Mom- we_:g‘rhmg* .

Applications of Consistucy:l;i':;ﬁ.it‘s and. Indices

' (a) Idmtification and clasrification of sails__ = . ' . v "
) g Al A PO O ol f the important. properties for the identification ang
-+ Liquid limit and plasticity -index-are- tWolo \mporia X .
;lauiﬁcq;::ou of - the fine grained soils. Classifcation of silty and clayey soils by the HRB and Unified 10|
classification systems are based on Licinid limi‘r'a_nd Plastcity index. ‘Plasdcity charts are available wjj

r,: These are-shown in' figures 2.4 and 2.5. X

plasticity index plotred against liquid limi ST — o gz Menel
: Edesetm oAb LT
=70 0 et s e e :
ki A A - $ ol e
2 s0 V4B ; [ [
- * - ¥, . :
o SUB GROUPZL 4%, P e
D  A=T=-6 Q.\' - a ) / '
e - 3 : =
S0 A Za0
_ T W :
= e AN s b |- e . -
= el - [l e\ suse sROUPTR - o |30s
.20 A A aA-r-5. - =t A :
S “fpa- ,. + T |7 scEme|”
I L 1 o |
S Tl ®s | S = -
1630 50 70, 90 100 0 20y A0E< R SOR, 45100

LIQUIO- LIMET— PERCENT O LI LMK -
, iy

Fig.2.4 Plasticity Chart for Classifying

a ! Fig.:2’.‘5 +Plasticity Chart for Classifying
* Fine; Grained- Soils by' HRB' s Fin& Grained: soils= by Unified
. C]mlﬁcﬁﬁmf— Sysm;n-,‘.‘ - LC‘*:I"‘“?"”-“;;,E 9'._.,' rpiiamg §oil Classification: System.

-5 A FAENDE T P CRE
B e Adg o FARE TERBAT R A

S e
(), G'_ar.npu:.yi&ﬁil} { :
cum'lr‘fe:rmdl’;m: of a c’lay indicates “its compressibility, Higher the liquid limit; *higher is the
. ]iimp ";'lh TY _he.compres.mon index of normally consolidated clay is' found fo be dependent on..the liquid
\it.. The liquid limit of a soil depends both on the amount and type of clay mineral in the soil.

o My
T

(<) Pl asticily index I
m gives an idea about the clay contenc in a soil.
(d) Shrinkage limiy l i

- This gives an idea about the
as a specified moisture content.
shrinkage Hmit (a3 in

Plaaricity index im:re'isos'yvith clay content.

;:-":]:k.aiga, or awelling which s likely to take place after being compacted
o 1 compacted acity OMC which happens to be higher than its

(¢) Group index method of pavement dusign
Higher values of liguid firm: D i '
. quid limit and plasticin “
considered as indication of Platicity index (and percent 2 T .
oole biad gy o poor subgrade goils, Gt Rt n ﬁ1‘1e| Passing 200—mesh :u'uvn) are
l" i lex (GI)" valuw is an arbitrary index amigned t0

cal properticy, namel;
¥ Percent pussing 200~mesh, or 75 micron sieva, Jiquid limit

CONSISTENCY LIMITS AND INDICES i3

and plasticity index and is given by the relation :
GI = 0.005 ac = 0.0 bd.
a = percentage of il paming 75 mucca mewe, greaces chas I3 2md aor exceeding
75 percent (vaiue 0—40)
0 = percentage of passing 75 =mticron sieve grester ilaa
(valuz 0—40}
¢ = liquid Limit value greater than 40 and oot exceecicg ) percesz vaime 0—20)
d = plasacity index greater than 10 and not exceeciog 39 (valoe 3—20)
The GI value for various soils vary from zero 1o 20. Higber values of GI mdicae =fericr subgrade
soil which would require greater pavement thickness. Thus GI vaime = —wed i the empimical method of
pavement design. The GI design chart is given in Figure 2.5.

Here,

15 2ad ac'cxceeding 53 percent

St on | ots masce | DAILY VOLUME 08 Com.TmAEmC
o~ ueHT | mEDme | TERN (ROS
cRacE €Le3s Tian | 5 7O 2003 ho ce 2
3 s
=
resuey o
52
000 o= §= s
=
AR~ L ¥ "E2 0} —
poam- -~ {7 F—e ] - - L
R O g S} 2 a3 o W 20 25 30 33 @ 4F S S5 0
JERY POOR | O-20- [—i Yoo L TRIONESES o> =
- """ Fgure26 Design Chart based on GI value
T Sk oed Loomales ; T ek — — et i cex

.

N o serem

Swe =

Soil Mechanics in Engineering Practice, K. Terzaghi R5: Peck, Asia Publishing House.

Fundamentals of Soil Mechanics, D.}¥. Taylor Asia Publishing House.

Soil Testing for Engineers T.W. Lambe, John Wiley and Sons, New York.

Soil: Mech for Road. Engineer; D.S LR, HiM.S.0.; London.

Method of Tests for Soils, IS : 2720, Indiar Standards Institucies.

Indian Standard on Classif and Identification of Soil for General Engineering Purpases, IS 1948

Indian Standards Institufion:

Methods of Testing Soils for Civil Engineering Purposes, BS : 1377 : 1961, Bnuish Standards Iastitution.

Highway Engineering) S.X. Ahansa and C.E.G., Justo, Nem Chand & Bros, Roorkee.
X PROBLEMS-

Explain iiquid limit," plastic limit and: shrinkage limitr of soils.

Briefly outline the procedure of finding liquid limit of a soil.

Whac is plasticity index ? Explain plasticity property in soils.

Define flow index. What is its significance ?

What are the various applicationa of liquid lmit ?

Liquid limits of s0ilt A and B are 80% and 32% respectively, Which soil isa betwer highway

material 2 Why ? '

The plasticity index of soil P is 6 and that of soil Q is 35, Discuss the suitbility of the soils.

What are the various uses and applications of consistency limits and indices ?

Explain Group index and uses, ,

What are the problems in compucting n heavy clay whose shrinkage limit is much lower than its OMC.
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OBSERVATION SHEET" -

LIQUID LIMIT, PLASTIC

LIMIT AND sn_nmx;imé.r.:uaﬁ'ﬁsfs

Liquid Limit: - > RN
Soil Type : o G TRntat) Natural water content, % =
Determination Number oS ! b LSV T 6
Number of blows ... | < e 1 ;
Moisture container number - - i A I , ST
Weight of container, & . __ T - .
Weight of coptainer+wet soil, g . _ - ’i
We.lght of _conr.la.i.nerJ,-oven_ dry, soil, EdiimE e o
Weight'of water, g 2 gl ey :
- Weight of dry soil, g - L e

“Moisture content, %5 ..

.
i
g g
o T
t 1
—
1
=
-
1 T
—
T T
s & ma
+
= FE TN —
g - o o e
= = 4 T
w | RS S FEE SR
& — | S
- T - T
- - T T
= x L T +
2z - SmmLm 4
8 ; :
- + !
= T - =
2 T
o)
= t e ]
E —rt s 1 T T
S T T ; -
T
T - — it T
SRR E D1 PRPIES g .
: : T : o :
: I & e T - —
11 e - 1
o 1 T
s — I
— ot T —
— — I T L
vey +
' "R e 41 AR U111 —— ot
* " [T}
x & 6 0 o8 we - -

MIMPER OF PLOWS (LOE ECALES .

Liquid Limit = Moisture contént at 25 Blows  [Fromi the graph] - e

CONSISTENCY LIMITS AND INDICES

OBS F—
s Chmmie s ERVATION SHEET (Coard.)
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Determination Number

—_—

Moisture container number _

Weight of container, g .-+ .
Weight of container+wet soil, g

We‘i_ght of container+dry soil, g : s |
lWeigE: ui: water, §

Weight of dry soil, g™ -

Muan Value

Moisture content, % - e |

e . Plastic. Limit =
| ° Results :—Liquid Limit, wi
| L5 i Pléstic Limic, in
! v Toughness Index, Ir
| e ... . Liquidity Index,Iu . = .
s Report :—Type of-soil : i ] i
. . ) ¥ 4 - i
. _Shriskage Limit : . Sy i

"

Determination Number

Flow Index, It -

Plasiary Index I

Consistency Index, Ie =

i

- Weight of shrinkage dish, g -~
Weight of dish--wet soil pat, 8
Weight of dish4dry soil pat, g .- ’ ;

Weight of wet pat, Wg - giNas : e

‘Weight of dry soil pat (Wa), g
Moisture coniEm_of soil pat ws

) ‘}olumké of wet soil pat (V), cm®

) Volume of dry soil pat (Vo), em®

|" Shrinkage Limit (ws), %

Shrinkage ratio (R)

=. Volume of dish o

Volumetric shrinkage (Va) "
Linear shrinkage (L)

Remarks @

Mean Value
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N S Compaction Test

INTRODUCTION - - ! 3

" Compaction of soil is a mechanical process by which the soil particles are censtrained to be ’Pilck_red more
closely together by reducing the air voids. Soil compaction causes decrease in air vpid.s and consequently
an increase jn dry density. - This may result in increase in:shearing -strength. - The pgsxibih'ty of future -
settlement or compressibility decreases and also the tendency ' for subsequent changes in _i:qoistt:x;é__cogtenl
Degree of compaction is usually measured quantitatively by dry density, - = ' E{eTRa o
action mainly depends on. two factors—{(iJ the compadting *
-For practically -all soils 'ir."is:]'ov_.iu?i Eéijw{:’fn_ﬁina'é;sé

decreases.

Increase in dry density -of soil due 1o comp:
moisture content and (i) the amount of compaction.

* “Fof a soil at a given moisture content, increasing amounts of Iqoin;;héﬁon. result in clbiierpa&:ingﬂfj‘soi] ‘
particles and an increase in drv de'n:iry! until the volume of air voids is 50 dqué_ae_d-ihaf_ﬁxrthefﬁq{nﬁacﬁpn
produces no substantial change in the volume. It has been fqund that in' all - soils, awith all uneg_hod; -of
compaction, increase in compacting energy applied per.unit weight of soil result in an:fncreaiemﬂmlximum
dry density and a decrease in OMC. ' In'the field, compaction may be carried out by (i) ipp!yiﬁgtj)reﬁ_ure
on soil layers by means of rollers ‘(ii) ramming ' (iii) v-ibrm:ion (iv) watering, depending up_-o:_rihe_yoﬂ type
and nature of the project. ¢ T _ T o _' i i Rty Sogy= 1] .
In the labbratory various types -of compacting equipmentand ‘fesi_ mhethods have been dev
determining the moisture—density relationships of soils. “These tests may be cla;ss'iﬁgii;s AR e
type is California static load com paction

eloped for.

(i) Static conipaéljpn_:esl,';n example of a test method of this’
developed at California Division of Highway.

et

commonly adopted .tests in” the laboratory, . (he test’
» later standardised by different agenices and known -
rd AASHO tests {b) modified AASHO tests -also -
direct aﬁplicé';i-un: of impact through a

PR

- (ii) ~The dynamic compaction rests, which are,
methods which are often followed are (a) Proctor Test
as BS compaction IS light compaction .and Standa
standardised by 15 and known as IS heavy compaction (c) the in
Ppiston as in the Dietert tests or [owa Bearing value apparatus, - "

- (iii) Kneading compactor in which the
itress through rounded end of a

It .l:.m been found tha: tb!: stress-strain behaviou;‘ of a I:r;vmpacle;i soil by dflﬁ'erem: methods ' of
ompacuon is likely 10 vary even if the Sompacing moisture content and dry density values are the same.

In this chapter. 1aboratory tes, using dynamic eompaction has been explained: The et s divided into
BS or Standard AASHO compactiog ten and (if) beavy

16 .

"and if this is less than 20 percent

. container for about 18 to 20 hours 20 enable moisture to spread uniformly in the soil

. diRmeter mogld T used, 56 blows are given 1o each of the

'é°mpl¢léd‘ soil is scored with a spatula before placing

. y GOMPACTION TEST 17
. i
compaction which is simjlar o the modifia¢ :AASHO col These been
.o v mpacuon Les =mandardiged
bv the ISI (I.5. 2720 pares VIT and VIII;, g = Bl
Appaﬂt!lﬁ i .
(a) Cylindrical mould of capacity 1000 CC. with an-internal diameres ©f 10 cm 203 heizh: 1973 =
ora moul‘d of Qapacity 2250 cc, with an internal diamersr of 15 o 2pd beighr of 12 73 em Tho= monld :
is ﬁn'e_q with a dem.c!:m. le base plate and removable collar or extension of abou: € cm bigh. a -
(b) _ For light Compaction, a metal - rammer having 5 cm - diamezer crcular face. and weight 2 6 kg is i
—‘——g__ e ——— —- B
- . ———— s _:

used which has a free drop of 31 em.
For_heavy_com action tbo-_' 3 i 1 vine weizkt
VY _comp, . Tammer has 5 cm diamerer circular face, but havine wes 3
free drop of 45 cm. i ) ;}E‘d
_——————

{c) Steel straight
(d) Other accessories include moisture

edge having beveljed edge for trimming the 10p of the speCimern.
containers, balances of <apacity 10 kg 2ng 200 E oven, sieves

-and mixing rtools.

Procedure
has particles bigger than 4.75 mm sieve, about 20 kg of the represeniagive o3l

In case_the soj sample
(hfcn‘zgh 20 mm and 4.75 mm sieves. The

is air dried, mixed pulverised and sieved
mm sieve is not used in this tes:.

is z_néin’tain'ea every time in i-e'p‘eé?éd_"_tes'u, ;
- In.case the sample passes £75 mm sie~e, then the dry pulverised sample is sieved through 475 mm
sieve and 'she_ ‘Portion ‘passing this sieve is only used for this test. About-16 kg of dry sail in total may be
necessary for the compaction test if the 1000 cc mould is used and about 35 kg if the 2250 < mould ismsd.
hla’TveTyTi-me the required quanticy will depend on the soil Type, size
As a rough guidance, for eachtest 2.5%gof .

respectively.

"graduated in cc,
added 10 the specimen to bring the moisture content to about 79, less than the

Enough water is
estimated O.M.C, for sandy soils and 109, Jess for clayey soils. The processed soil is siored in an air tight
mass, *

The estimated " weight

The mould with base plate ﬁu'ed iplis weighed. The process soil-water mixture is mixed thoroughly

and divided into eight equal parts,

(i) For ‘light compaction the wel s each layer

ils is cn:'upacuzd into the mould in three equal layers,
being given 2$*b!g\¢1ﬁof_the_‘2.6~kg hammer, if 10-cm diameter mould isruséd.- When the 15 cm diameter
mould is used, 56 blows are give Y :

n 10 each oftrheflhrqe layers by the 2.6 kg hammer.
(i) For heavy compaction, the wet soil mix is compacted in the mould in five equal layers each layer
being given "25 blows of 4897 Xg BammierWhen the

10 e diameter mould i Lsed - When he 15 n:: ‘ .
fiveTayers by 4.89 kg rammer. i [
the surface of each layer. Each layer of the
the soil for the succeeding layer. The amount of

The blows should be uniformly distribated. over
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COMPACTION TEST

soil used should be ;u.n: sufficient to t:.ll the mould leawng about 5 mm to be struck off on the top after
compacting the final lzyer.. “ Lty . -

so:l is levelled off to the (op of v.l:e mould by means of the

straighr edge. The . mould and the soil_is. then weighed. 7 he soil is 1hen qected out of the mould and

he middle and a representative sample is caken in air tight gontainer from the cut surface. 'The
determined by ﬁndmg the wet weight, keepmg in the

The collar _is removed and the compac:e

cuct. in t
maisrure content of this- representative specimen.. is
oven at 105° C—HO“C and ﬁndmg the dry welght the next day.
This ‘proce dure is repeated five:to six times using fresh part of the soil sp'ecin‘mn and afier adding a
heast compammn is carned out at

-, higher water content  than the preceding’ -pecimen every time so-tha ¢
o

moisture 7 to 10 percent higher than the estimated optimium moisture content. - " s
Ca.lcul-tion : TPl e L R R » : TS g
Lev. the weight of mould wnh moist compacted sml be=Wg 2

Vm ¢c

Welght of empty mould = Wm g e AT g Vblume of:the miould =

. W W,
Wet densi.ly, Ym =~ 2 gfcc

}

. Let the moisture contént be: = w%-

Yo o (W "wm)'

. Then. dry density,, ya = = ) G fJ
Pl Y ‘..'l ( - ) Vm(l-l—
: lOO

g —_—

.100.

S/Cc ,' Y L'

ay 4 'y

.»:'?brosity b ILOO%% i (l-jG'y

) 100"/ where G is :pec:ﬁc gravny-of the_ 3011 parucles

"‘, 1_!"’

f
LA = :(_ '/n-'f
¢ .XEJ _7 W it

: x}"oid raﬁaié’—‘z"('——-c‘ LAASE 1) S
Ih SN T :

s e

Relults .
Points are plotted with moisture content on the X~
curve is drawn’ ‘connecung- the pomm- Froor this - curve; 't
mmspondmg value of moisture content taken as upumum moisture, comen: ol' the sml

axis’ and dry densny on ‘thé-Y-axis and a smooth
he -maximum' dry’ denm'y‘ is noted and the’
Refer ﬁgure 3 I

.0 .
- » ",
Max " :
‘ A DR DENSITY -
u iR | : .
~ - ™\, T E s, “
o
% 18 i \"u'\
z -
g / \\
: ) g4 . a
Rt ]
";. i 1
z
14 <
‘ s » » 20 F)
: e
MOISTURE CONTENT, PERCENT :
‘ y s ﬂ'—"/

COMPACTION TEST 19

Discassion

1t is necessay to control the total volume of soi
e of soil compacied evs i i i
if the amount of soil siruck off after removing the awn.:ii:cis 100 ;a‘:?;s‘::;d:;:rle‘;r 111;:;,2 l'-DICCUraLE
‘ L every time
Hence the quantty of soil in each laver sbou j i B
_H e i ver spould be adjusted in such a way i
2 y : y that after removing th
e_x;enm‘r)n abouzf.: mm soil remains to be.suruck off every time so that the compactive effort or ener sg en
per unit volume is kept constant. The compacted thickness of each layer should also be equal .

Applluhons of Compnct:on Test

* From the compaction test, the maximum dry d-nsm and opumum moisture content of the soil is f
for the selected 1ype and amount of compaction. These regilts have various uses. . o

_ (a) The OMC of.the soil indicates the panicular moisture content at which the soil should |
“compacted to achieve maximum dry density. If the compaciing effori applied is less tl:e OMC increas
~and the value can again be found experimentally or estimated.

(b) In field compaction. the compacting moisture content is first controlled 2t QMC and the ndequz
of rolling or compaction js controlled by checking the dry density achieved and oompanng with t
maximum dry density achieved in the laboraiory. Thus compaction test resuls (OMC and maximum d
_ density) are used in the ﬁeld control test in compaction projects. :

Compaction, in genpral is considered most useful in the preparation of subgrade and other pavem

layers and in construction of embankments in order 1o increase the stability and to decrease -settlems

. There is also a soil classification method baséd ou the maximum dry-density-in:the standard {Proc
i compacuon test, the lower values indicating weaker soils. According to the method suggested
]{_ B. Woods, goils with maximum values of dry density (in g/cm®) greater than 2.1 are excellent, 1.9 to

if
'\-ic\good, 1775 to 1.90 are fair, 1.60 to l.‘?s are poor and those less than 1.60 are very-poor.

' - ' REFERENCES

Soil Mechanics for Road Engineers, D.S...R., H.M.S.0., London.
" Procedure for Testing soils, American Society for Testing Materials, 1950

Soil Testing for Engineers, 7. W’. Lambe, Johu Wiley and Sons, New York.

“Methods of Test for soil. IS : 2720, Indian Standards Institulion.

Nnoo—-

o

PROBLEMS

Explam how soil compaction is achieved.
What are the effects of compaction of soils ?
Explain optimum moisure content.

What are the various Iypes of laboratory compaction tests ?
soil clmﬁcauon ?

How can standard compaction test be useful in
results in highway cmmruclmn .

"What are the apphcanons of compaction test Tes

AL
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COMPACTTION TEST

18 i
soil' used should be just sufficient to fll +he mould leaving about 5 mm to be struck off on the top after

compacting the final layer. .
d off to the lop of the mould by means of the

The collar is removed ‘and the compacte
1 he soil is then ejected out of the mould and

The mould and the soil is. then weighed. !
e is caken in air tight container from the cut surface, ‘The
n_is determined by finding the wet weight, keeping in the

d soil is fevelle

suraight edge.
cut in- the middle and a representative sampl
moisture content of this- representative specime
oven at 105=c-l1lqﬂc and ﬁndix.'jgrl.he dry weight the next day,

This procedure is repeated: five to six times using'ﬁ-esh‘parfnf the soil specimen and after addi.ng;~
-, higher water content than the prabeding' specimen every lime so that the 1ast “compaction iuAc‘a'rri.ed out at
moistore 7 to 10 percent higher than the estimated optimum moisture content. f . :

Calcalation . . . ek 3
Let the weight of mould with moaist compacted soil be=Wg s . |
Volume of:the mould = Va e

. Weight of empty mould = W g rariiR .
L _W=W, : ; ’ e
Wet density, Ym = —v7 2 glcc - Let the moisture content be = w%-
Ymo __(_Wﬂ ‘l’._.-' -;' o N2
glee £ \f;:U_,' -ﬂ/.‘;l - :

i LW stetlgs . e e T T
3 A bt

4, Then. &ry density,. 7&.';——‘-—-9‘;— = e C
" ' ' -,W(1+..'aﬂ-'v.)-‘i ?m(l-j-,'loo) s P o
“ 7 Porosity i 100%’!% = (I_— -ay:—"l) If]ﬁ% " where G is, specl_ficgravnyof th.t__soi.l“ puucles

; . A ) ! Ry s a2
i Er P RO s SLCD LIy I i A T .
St 4 . . Ya Ry AR WP A B R .'
" St [ S

Results Ty Ve e Pl S W S Lo :
Points are plotted with moisture content on. the X-axis and dry deiﬁuy on’the Y-axis and ‘4 {mooth

curve is’ drawn ‘connecting™ the™ points: .From- this curve; ‘the maximum’ dry’ dentity- is noted ‘and the

corresponding value of moisturé content taken as optimum Mmoisture, content of the'soil. “Refer figure 3.1,

o : v A BRI e T TR TS RTLR Lol ) Sl £

e X-]

MAX.DRY CENSITY

-
-

ory oensnv 9/cc
5

A e T 7 \ i
-|. ! “ £

L?
u: i 1
~Z
16 Q
BRI LB oW - N R
MOISTURE CONTENT, PERCENT : 3 I B .
X 3 3 e 1 | ) /]
’ L4
. Figure 3.1 Co ; ) " ; AR S
Lpe oy b . mpaction G g i ol
s R 'B—i:—lfwe RN AR ze?t
’ et b .

COMPACTION TEST 19

Discussion
1t is necessay 1o control the 1otal volume of sol compacied evert Lme, a1 toe resglis will be ;
¥ 3 ] iDaccurate

if the amount of soil siruck off after removing th: extcason = 100 grea: or i very difler
: - eresi every nme.

Heoce the quantity of soil in each laver sb

‘ . : ould be adiusted io such & wa) tha: aft

extension about 5 mm soil remains o be suruck off every ume w a1 the cn:;r::n cf;:: "wﬂ’“‘ﬂ! o
per unit volume is kept constant. The compacied thicknes of each layer sbouid abo be equ! e

Applications of Compaction Test
_° From the compaction test, the maximum dry d-nsiry and optmum momsure comment of the soil ¥ found
for the selected type and amount of compaction. Thes* r~gulus bave vanow m=s o

L »(a) The OMC of. the soil indicates the panicular moisture conten: a: wiich he soil should b=
compacted to achieve maximum dry density. If the compacung effor1 appled 1 m. the OMC increases
? ?hd the value can again be found experimentally or estimated. :
- (b) In field compaction. the compacting moisture content is firs: controlled 22 OMC and the ad=quacy
of Tolling or compaciion is controlled by checking the dry density achieved and coSpanmg uiu; lh;
maximum dry density achieved in the laboratory. Thus compacton test resuls (OMC and maxmum dry)
_ densiry) are used in the field control test in compaction projects. ’

Compac:ion, in general is considered most useful in the preparation of subgrace and cther pavement
layers and in construction of embankments in order to increase the stabiliry and to decrease seulement
There is also a soil classification method based on the maximum dry density in the standard (Procror)
J co‘mpaCtion test, the Jower values indicating weaker soils. According 1o the method suggested by
7 ‘K. B. Woods, soils with maximum value.g of dry density (in gicmS) greater thaz 2.1 are excellent, 1.9102.1

rare good, 175 to 1.90 are fair, 1.60 to 1.75 are poor and those less than 1.60 are very poor.

! REFERENCES

Soil Mechanics for Road Engineers, D.S.1.R., H.M.S.O., London.

1.
2. Procedure for Testing soils, American Society for Testing Materials, 1950
3. Soil Testing for Engineers, T.W". Lambe, John Wiley and Sons, New York.
| 4. 'Methods of Test for soil. IS : 2720, Indian Standards Institution. -
| .
PROBLEMS
1. Explain how soil compaction is achieved.
2. What are the effecis of compaction of soils ?
3. Explain optimum meisture content. .
4. Whau are the various 1ypes of 1aboratory compaction tests ?

5. How can standard compaction test be useful in soil classification ? . S PR
Its in highway construction

6. ‘What are the applications of compaction test Tesu

P2 ¥
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R ekt o Field Density Test by Sand Replacement Method

COMPACTION TEST

a0

- . \ S < Aiao =1L
- Volume of the mould, Vi cc = ' uat of compaation, = Light/Heavy INTRODUGTION
Weight of the rammer e ARPOTCHARE Typ.e d 301[ . = . Ak The dry density of compacted soil or pavement material is a e of the of
o Specific gravity of ol G = | . H " cent! the compaction achieved during the construction. Knowing the field densiry and field moisture cootenr, -
rcentage material retained on 20 mm sieve . =" ’ the dry densily is calculated. Therefore feld- density or in-situ density test is of imporrance asa feld
P:Sm 20 mm and nmned on 4.75 mm sieve - i 3one conciol test for the compaction of soil or any other pavement laver. The determination of feld density of
- P n: 475 mm neve JEA narural bed of soil has also va‘rious other applications in civil engineering.
. 5 ) ORISR L 3" el : There are several methods for the determination of field density of soils such as core curier method, "
Dereomnagon aumber St T- it ;o b— B R T 4 5 7,6 - T sand replacement method rubber, baloon method, heavy oil method, etc. One of the common methods
- ST ST =1 = = 7= of determining field density of fine grained soils is core cutter method; bur this method bas a major
Weight of the mould = Wm, g i : limitaton in the case of soils containing coarse grained particles such as gravel, stones and 2ggregates.
Weighe of mould liac{e;:lsoﬂ —wg el - b [y i = g i Under such circumstances, field density tesi by sand re placement methed is advanragrous as the presence of
. : s ad L % o R R et g ; - v coarse grained particles will adversely affect the test results and also the method is quite simple. .
Mo tainer number . - wE2 ™ A v
i " 3 o7 . o o, _The basic principle of sand replacement method is to measure the in-situ volume of whole from which
Weight of Moisture container =Wy g ) . I the material was excavated from the weight of sand with known density filling in the hole. The i=m
e, : - . t- iz 2 SRR I B] 1 p ial is gi b i : terial divided the in-si lum
Weight of container + wetsoill =Wz-g 1 Lo ! i Sty oy AL gy the vl P eanvesed o v Sy Che eRcaivchegss. .
e : e o . 3 b Appaﬂnu -
Weight of -container il = Wg - . .- ol pmacy e o
) “gar com =hidryaal LA R . o , ! {c) Scad paufm_g Cylinder @ This cuns:su of a metal cylinder of czpa:uy three Erres, 115 mmm
Wet deasity yu = (W«-Wm) g]cc Sl = BT DT P E ‘e diameter and 380 mm in lengih with an inverted funnel or cone at one end and a shurrer to open and close
=t . BN AR st 2T ' _ the enury of sand and a cap on the other end. This cylinder is considered suitable to determine the field
. T s ) 2t 2 : s - density of fine grained soils (not lessihan o0 percent passing 2.0 mm sieve) and medium grained sails {(not -
Moisture content = N : | less than 90 percent passing 20 mm sieve). -However a larger size cylinder is suggested for the determination
Wa—W W,) 100 I ' : ' | of. field density of coarse grained soils. ot
or e TR A il A ¥ : i : : : :
Wi = TTWa—wi - _ ! o : . (8) Maal tray with hole : * A metal tray; 300 mm square and 40 mm deep with a 100 mm diameter
. ; [ : I . : i . hole at the center to enable excavation of a hole of proper size and shape.

e : fc)  Tools for levelling and excarating :* Hand {ools such as scraper with handle for levelling the surface;

Dry denmsity, ya = ﬁ'w glec. =

- - 1+ oo e : < I" o : “ I b A i S ‘ i : a dibber or an elbngzted n-nwel for digging and excavaung' the marerial.
1 : vk B : ,'7 R P 1. kn F i . (d) Containers : \ﬁmal containers of any convenient size (about 150 mm dmn.mrer and 200 mm depth)
Vol “rader e (G — v ) ; A H f oL R R 4T i i with removable lid for collecting the excavared material.
— = i . ; 7
e ' ! ! I - (e) Calibrating container: A meral cyhnder ;of internal duu:neler 100 mm and depth 150 mm with 2
A NP S o . l flange of width 50 mm, 10 determine the weight , ‘and volume of sand for the purpose of calibration. The
Porosity, . n= ( —ﬁy_;v) o ) ! i : H I sand isto be poured into the calibrating container through the sand pouring cykinder.
- ! -] | . l pi 7 i (f) Plane surface : A glass or perspex plate,: about 450 mm square to serve as a plane surface for
From b : i o - - - finding the weight of sand occupymg the cone. g
Mazimem g 4] . _- A ' L (g) Balance: A suitable balance of capacity 10or I5kg and accuracy 1.0g and necessary set of
Y demity = glec 80T ety K weights.
’ fmeisture content = . o o SRS S (%) Sand: Dry and clean test sand of umfarm gradation, passing 1.0 mm and retained 0.6 mm sieve.
Remarks < LR Tig ~eLs 3 " . :
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e —————

and (b) determmauon of : Lbe we:ght of t.besa:nd oocupymg the mnenf :.he sand ponnng cyhnder i
sy

the mean value of the weight of sand required
determined.

EPLACEMENT M.ETHOD

iner and dibber are shown in Fig- 4.1,

£ e
t, o, ¥ g il
‘I X X = P
r— - e =k +
I L - t

: MEM\. TAAY wilk WOLE

| . SR

—_—

LE nder Apparams

5
i
. Lie test may,be conducted in two stages : (i} ratus and mea'surcmenl. of in-situ
usity. Wi T i &S g :
s ¢ x HE - YoE i) S Ky Y DL
m sy AT Pl P ‘ :

Gn.hbrntlon of upplntus

: SN

“The determmauon of - volume of the exmvated bole ds based on the weight of sand ﬁ]]mg mn ho[e z.nd

1.]:: cone. and the denmy of the sand Cuhbrzuon of appa.rar:u.s mciudu (a] determinziion of d‘ensxty of
:esu.—u:d used m Lhe expcnment under :dguucaJ hexg'ht “and pounng oondluonx ol"' the s:md mm the test hale
15

]

Clean a.nd dry test sand passing 1.0 mm sieve e and retained ‘on’ 0, Sm.m sieve is co[lecxedm' mﬁmen:

quantity required for atleast three 1o four set of tesis (say, atleast 141015 kg in weight), "The ‘to ca £
the sand ‘pouring cylinder is®removed, “the shuner is7closed, ‘the Tylinder is filled with:dry test s]:nd. o
about 10 mm from the 1op-and the cap is replaeed The weight of the cl'lmdermﬂl s i y uplo
accurate 10-one.gram and is recorded = Wy, In all the subsequent tests for cahbranon as Well etermined
field density tesis, every time the sand is filled u:nu the cylmder such xhanhe mma.l weight of as for the
with sand is exactly Wy. The sand pourm;r,r cy!:nder is Placed over the- calibration o h::g t o |he chmder.
- test ‘holés' already  excavated, the shutter-is opened and the sand equal 45 the’ vo]uy ;: or one of the
‘eylioder or the Zxcavated-1cst hole is.allowed To flow dut aid 11 e s Elosril® me of “the ' cahbrauon

The sand pouring cylinder is now placed ona clean plane surface - (glaas or perspex plate) the llhutter is

kep: open till 1he sand £ills up "the tone fully and' there i n
o visible movgm
of the cylinder by removing the cap. | The shittter is closed, the C)'lu:der :m OF ileras e Froem hi g
~occupied the cone is carcfully collected from the plate and weighed = W, removed g T ek wsth
2. )

he a.ud urin, re.
The sand pouring cylinder is refilled with sand such that the initial weight is again W; I\ow the cylin
2 c cylinder

is placed ceotrally on the top of the calibratin
g container and the sh
up the calibraiing conta uteer is opened. Wha Is
e mg niainer and the conc completely and there is no m 2 snsind Kand 54
lose pouring cylinder and the r:mam.l.ng sand is weighed = ‘;veme.m of sand, the sbiasisr 1
1gne
3

The.above steps are repeated threv tim
mes and the mean Vl.luns
Of 'Wl and W,
s are determined such ﬂl"

to ﬁ_[j th it
¢ canbrazing container upto the Jevel 1op can be

FIELD DENSITY TEST BY SAND REPLACEMENT METHOD 23

The volume of the calibraring container, V is deter d sither uv ing the internal dimensions
(diameter and hmghr.) or by filling with warter and weighing. From the weight of sand W, and its volume
Vin lhe calibrating container, the density of sand, is determined.

Mm.rurmm of field density

The site where the field density test is to be conducted is cleaned and leveiled using a scraper for an
area of about 450 mm square. The metal tray with ceatral hole is placed 0o the prepar=d surface. Usiog
the soil/material is excavated using 2 dibber or a rrowel uoto a depth of
150 mm and the loose material removed is carefully collected in the metal contziner and is weighed = W.
The sand pouring cylinder is refilled with sand such that its wright is again W3. Tbe metal ray with cencral
hole is removed and the sand pouring cylinder is placed centrally over the excavated hole. The shurter is
opened till the sand fills the excavated hole and the cone completely and thers is no further movement of
sand in the_cylinder. The shuttér is closed and the cylinder is weighed 2gain = Wy, 50 that the we;gh‘
of sand filling the excavated hole alone = Wp can be found.

The moisrare content of the excavated soil, w % is determinet by raking 2 smple of soil from it in
drying in oven at 110°C and n.-we-zhmg Alternadvely, the moisture
e entire excavated soil collectad from the bole (of weight W)

this central hole as pattern,

a moisture content dl!h weighing,
content {w %) is determined by placing. th

in the oven and finding its dry weight = Wa.
The - above steps for the determination of the wexghts nf uczvz:ed soil, the weight of the sand filling

th& hole and the weights of samples for the moisture content determination are repeated atleast three times
agd_:thravmge values taken for the dete-rmmanon of feld den.m? (wet and dry) valoes.

Calculation and Results
Wi —we:gh: of sand pouring cylinde
—  sand’is refilled in the cylinder,

. experiment.

weight of sand in the cone, mean value, g
d after pouring into the calibraring container and cone, mean value, g-

afler  pouring inro the excavated hole and cone, mean value, g

r and sand filled upto 10 mm from top edge; g; whenever the
the touﬂ’ weight should be exacdy W each time, throughout the

Wz =
W3 = weight of cylinder and san
Wq = weight of cylmder and sand
Va = volume of the excavating container, cm3
W = weight of the soil from the excavated hole, mean value, g
Wa = oven dry weight of the “oil excavated from the hole, mean value, g
w = moisture content of the soil, mean value, %

The weight of sand Blling the calibrating container unly =Wy =(W1—W3—Ws), g

Wa
(i) Bulk density of md_ n= -y ,glcm‘-‘

Wexgh: of sand ﬁﬂmg the’ excavzted hole alone = Wy —Wq— Wa = Wn, g ‘

Volume of sand filling :he exca.v:ued hole alone = 7:— =V, cm?
cavated soil, ¥y = —‘7, gjcm? .

(ii) In-situ bulk density of wert ex
100 (W — Wa)
(i) \(onsmre content of soil, w % = ———w:——,%

v Wa 3 100y gy’cm"
(iv) In-situ dry bulk density of, 1he excavated soil, 74,= W  8lem® = g £ W)
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22 FIELD DENSITY TEST BY SAND REPLACEMENT METHOD - FIELD DENSITY TEST BY SAND REPLACEMENT METHOD 23
ibrati i hown in Fig. 4.1, - ' f the calibraring container, V is determined rither by measuring the internal dimensions

lind ,meuln’a calibratiog coptainer and dibber are 5 | e The volume o c g i
habpelaain v sar ‘ '}“ . ¥ wr ’ (diameter and hﬂghl) or by filling with water and weighing.. From the weight of sand W, and its volume

; r | ' Vin lhe calibradng container, the density of sand, is determined.
b ' pia S REREA M’mmmm“ of field damsity
. — | T The site where the Ffeld density test is to be conducted is cluncd and levelled using a scraper for an
| ; ' . area of about 450 mm square. The metal tray with ceatral hole is placed on the prepared surface. Using (V.
o ) E this central hole as pattern, the soil/material is excavated using 2 dibber or a trowel upto a depth of
L 150 mm and the loose material removed is carefully collected in the metal container and is weighed = W,

DIBRER FOR DIGGIG
CALL DIMENSIONS e ben }

U LB

| SR | E ; = e ' The sand pouring cylinder is refilled with sand such that its weight is again Wy. The metal ray with central
- S b 1 ' " Bole is removed and the sand pouring cylinder is placed centrally over the excavated bole. The shurter is _
- 2. T w0 opened till the sand §lls the excavated hole and the cone completely and there is no further movement of
/ v "[ —0e— v ] v . - sand in the_cylinder. The shuttér is closed and the cylinder is weighed again = Wy, so that the we:gh(
’ < ’ ot of sand filling the excavated hole alone = Wy can be found.
" m"mm comimin wn 'w"“ Pl 30 m“ rikioler : The moisrure content of the excavated soil, w % is determinet] by taking a sample of soil from it in
, " T RN Fi,g 4l Snnd Pounng Cylmdcr Apparalus ‘ N a moisture content dish, weighing, drying in oven at 110°C and re-weighing. Alternacively, the moisture
Procedure = . - it ; P T rm g L content (w %) is determined by Plaﬂﬂs the entre excavated soil collected from the hole (of weight W)
i The test may be conducted in two s:ages (i) calibration - of apparatus ‘and measurement of in-situ in the oven. and finding its dry welgh!
density. . . L 6, BT ORCNIE F R 5 VIR T T R TR | I The above steps for the determination of the welghls ofexc:.vated soil, the weight of the sand filling
Bole al Sl e s PR Sl sl daepu e, the weights of samples for the moisture content determinarion are repeated atleast three times
. G-hbmtw- at‘ umms Fps Sk 3 et s ) ::Z:’:’:‘:::'se Vll“: e l'or rhe determlﬂm of field de.nnry (wet and dry) values.
“The determination o!'volume of \‘.he uavated bale :!'bued on-the welght ofnm:l filling the hole and . .
Lhe cone.and the denmy of the sand. CaIlbrauon of apparatus mcludes (n determmuuon ol' density of Calculation and Resalts
testsand used in the expzn.me,n[ under Jdmuul hrlghl and pourmg mndmuns of 1he nnd mto lhe test “hole Wy = waght of sand pouring cylinder and sand flled upto 10 mm- from top edge; g; whenever the .
md (b) deter;m.nnuon .of Lhe wught of d:eund oc-cupymg the’ cone ol‘ :he aand Poun.ng cy]mder L == sand is refilled in the cyl:.nder, the to:al we:ght should be exactly W each tme, throughout the -\

experiment. . .
W, = weight of sand in the cone, mean value, g
W3 = weight of cylinder and sand after pouring into the calibrating container and cone, mean value g.

Clean and dry test sand passing 1. Dmm neve and retamed ‘on’ 0, Bmm sieve'is oollectedm mﬁ;eng
quantity required for atleast three to four ser 6f tests (say, atleast 14 1o 15 kg in weight). “The top cap”of
the sgod spouring: cylinder is removed, the Shutter is°closed, ‘the cylinder is filled with dry test sand upio We= weight of cylmder and sand after pouring mtc\ the excavated hole and cone, mean value, g
about 10 mm from the 10p-and the cap is rep]aeed . The- ‘weight of the cylmdenwuh the sand is determined Va = volume of the excavating container, cm?®
accurate ro one.gram and is recorded = W;., In all the suhsaquem tests fol- m?:branon as wdl as for the W = weight of the soil from the excavated hole, mean value, g
field density tess, every time the nand is filled i m|o the cylmder such- Lharﬂ:e unual wexghl of lhe cylmder . Wa = oven dry weight of the soil excavated from the hole, mean value, g
with sand is exacily Wy. The sand pouring cyhnder is placed over the calibration cyhnder or one of the ’ w = moisture content of the soil, mean value, %

: test holes' already excavated, the shutter is opened and ‘the sand eqnl] t0-the’ volume of “the ‘calibradon
cylinder or the excavated test hole is allowed 1u flow out a.nd thé shurer is tlosed.™

: We

‘The sand pouriog cylinder i is nnw 'placed on 2 clean : f d. ya = - fcm3
- plane s‘urface [g]ns or ex plat ) (i) . Bulk density of sand. 7 -8
kept open il 1he sand £ills up'the cone fully and’there is no visible it P“SP % P e), thr e lhul:;erx; Va

of the cylnder by removing the cap, The shutier i closed, * th
e cylinder§
~occupied the cone is carcfully :oll«.ch from the plaue and weighed L Wa, > "mDVCﬂ AR il i

The weight of sand flling the calibrating container onlj =Wy = (W1 —W3—Wo), g

oy,

Welgh: of s:md Ellmg the ‘excavated hole alone = W; —Wy— Wy =Wp,g

Way
Volume of sand filling the ex:avqted hole alone = o V, em?®
The n.nd pounng cylinder is refilled with sand e

such thar the inidal weight ’
is placed centrally on the 10p of th Iib ght is again W] " Now l’.he cylinder - . 3 . _W a
up the calibraung contain & calibrating conuainer and the shutrer is OPEned Whe=n the sand fills . (i) In-siva bulk densicy ?r it excavated wll" L v,gjcm *

er and the ¢o
closed and the sand pouring ne completely and there .is no movement

cylinder and the remaining sand s we'gth W of‘ sand, the shuuer is 100 (W — W'a) L
3 :

(i) \!msture content of soil, w % =

Theabove sieps are Tepeated Lhree tim es of ‘W such tha v, il ) .
& and the mean value 2 Ind Wj are dmed.
the mean value of the wej h sand re . : : ! - | __——. |
‘ ght of d quired to.ﬁl]the casibrating ennvain o j .‘ i | | (I i

er upto the level 10p can be

Rt e P
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- 'sze mand puring eylinder of diameter 215 tam and  height 610 mm (ca

.

" .- Pavement materials, whereas the core cu
- ——--compacted layer, 3

1

24 FIELD DENSITY TEST .BY SAND REPLACEMENT METHOD

The resulis are reporred as tﬁe.lverngg value of lllau'lithree sels of tests in the following :
(i) In-place wei density of soil in g/em8, corrcet 1o ‘ecoﬁcl decimal place or in kg/m?, correct (o
nearest whole nufnber. .
(ii) In-place dry density of soil in g/cm® or in kg/m® (as above).
(iii; - Moisture content of the scil in percent, correct 1o first decimal Pplace.
Dil:ﬂl;iﬂh v - l (T : : = . : &
 Care should be taken 10 see tha the tes sand wed is clean, dry and is uaiformly graded (passing 1.0 mm
sieve and rerained on 0.6 mm sieve).- Moist and unclean sand does not flow freely through the opening of
the cone and does pot 11 up the hole and the cone tompletely. - The density of the test sand will get affected
by the height of free fall of the sand, vibraddns, etc. : Therefore the ‘initial weight of ‘the' sand pouring

. eylinder and the sand is maintained the samé = W throughout the repeated rests of the experiment, both
du.r_ing.l:he calibration for the determination of the density of the sand ~and during .,d‘ererminntion o.f the
_volume of the excavated hole. The depth of the excavarted hole should be edual 10 the 'depdli of the
ealibrating container (150 mm). There should be o disturbancs or vibration caused by tapping the

“cylinder, during the test. The sand poured into the excavared Hole should not bé normally re-used withoot
cleaning, sieving and drying again, as it is likely 10 get mixed with the Soil in the hole. | - - =" "

our
nr

When the in-situ density of sc'\ilfqzatcrii.ls with grain size Jarger than 20 mm is 10 i:e:\aete
Sucsss 653 Firms)

inied,” Targer
‘used. " The

calibraton container should be'200 mm in-diameier and 250 mm'in h:igh'r,":ﬁ‘e:'-m};ﬁfthe meral fray should'

' be 200 mm in diameter and the depth of excavated hole should be 250 mm.

Aﬁﬁaﬁmuf&e'ﬁhlddenshy‘tut- P ieen .

for quality control tests in field compaction.,

] —-d:posil., calculation of bearing capaciry, analysis uf stability slopes an
~"problems. The dry density of a compacted soil mass is also-used for asses:

LY il el b T i v

A S

" Determination of field density or in-place density, moisture content and ‘dry densi

s : re content and ‘ds y of a_compacted
ayer of s0il or pavement layer are often wsed to check the amount of compaction attained in th i

e feld and

The determinartion of in-situ density of lml is useful in cal:ulatmg fhéjdggilbqrdég Préssure of a soil
d 'f&kipiégﬁqﬁs ’a.nd Fiﬁ;:le(g.e‘fa-] other
a-ing,rh..e loﬂ type. and its scability. -
applied for any type  of .s0il and
wer method can not ‘be -used if coarse particles are present in the

The sand replaeemen{mlhﬁrd:nl" .éeid d:nsil)' -tes| .can be

2 iy ) ks
Indian Standard Methods of Test f 22 RERG ; o
o ol or Soils, IS : 2720+ 175 ) PRy Rt |
Soils, in- : + 18 : 2720-part XXVIII, “Detérmi Dry Densi
oils, in-place by the Sand Replacemeny Method™', Indian Standards }n}ziruliann el el

Soil Mechanics for Roag Engineers DSIR; HMSO London

are the Precautions 1 be taken ?
10 core cutter toethod ?

FIELD DENSITY TEST BV SAND) EEFLACEMINT MITHOD 25°
OBSERVATION SHELT
DETERMINATION ON FIELD DENSITY EV SAND EEPLACTMINT MITHOD
Size of sand pouring cyhinder  Swancard mp e b larTr mo
Type of matenial for densuy deermuzanons
—— __ien et
Observations and calculations 2 3 Meas

(a) Calibration tes: :
1. Weight of sand pouring cylinder and full sand = Wy, £
‘(to be maintained same every tiwne;
2. Weight of sand in cone, Ws, g
3. Volume:of calibrating container = V', cm®
4. Wt of cylinder and sand after filling calibrating container
=W, g

| =5, Wt. of sand filling calibrating containor and cone = W,

= (W1—Ws—Ws), g
P W, .
67 “Bulk density of sand, e = V_: > gicm®
(b) - Field density test :
7. ‘'Wt. of sand pouring ¢ylinder with full sand = Wy, g
B. Wt of mmoist soil/material from excavated hole = W, g

| "9, "Wt of éylinder and sand after Elling the excavared hole

|}
[

= W,, ,:g'k ;
"10. Wt of sand in the excavated hole = Wy, g
= (W1—W;—Wi), g
- i oo ¥ w
11. Volume ¢f sand filling the excavated hole, \' = %. em?

. . ) : W
12. In-situ bulk density of wet excavated soil, y = € cm?

13, (i) Weights of soil samples for moisture content
determinations : 0 Wet Wi =
ey : Y Dry We. =
"Or ' (i) Weight of soil/material excavaied from the hole, after
3 . drying = Wq, g
14. Moisture content of excavated soil, w, S0 =
15. In-situ bulk density of drv soil, ya gicm$
. 100 y s
——L_  glem?
O =T

or (i) = 7\—?‘ , glem®

Remarks :

.
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Apparatas

Triaxial Test

INTRODUCTION b
'-h;z.r tzsts are generally carried out on small soil samplesin che Iaboratory to evaluate the strength

of the element in the soil mas, The strength -parameters, namely the cohesion and angle

pEopais. o {ly found from these tests, The'two methods of shicar rests commonly

of shearing resistance are usua 1 (wleas
used are the direct shear test and the iriaxial test. In the direct shear test :he‘,l'mlmj_eucaused along a

pre-determined plane of the soil and both the shearing resistance and i:‘urinal__ﬂ;x_"esﬁ',gre]peagprg‘d directly,
In wiaxizl test a cylindrjcal specimen is siressed in lateral and verucal directions u.d the shlear ‘smngd:

of the soil is evaluated; the plane of shear failure is not pre-fl:terminegi.- 'I‘be_ triaxial :est'.is.con:uidereﬁ

i <) P

as much superior strength test than the direct shear test. .

nt for loadi "-andm‘ ing the

. The triaxial machine consists of a pressure cell assembly and equip

load and deformation. The triaxial test set up is shown diagramaicaily in figure 5.1«

Triaxial pressure call.  Cylindrical soil specimen, jnserted in a thin rubber n'.:_c_im_bnnlg and kept sealed
to prevent the.entry of lateral fluid, can be placed in position in the cell. There is provision to apply

radial fluid pressure and vertical stress through a piston. There is also facility to allow or prevent drainage

of specimen during the application stresses. A pressure gauge may be y;_e;l to measure the fluid pressure

in the cell. 2 X Bt » LEe PiLd oy T |
Loading ¢qm’pr}iml. Usually strain gontrolled equipment is used; stress cqgtro!led e'qui.p'me_n:is also
used in some tests., The vertical load applied on the piston may be measured by a proving ring assembly.
The deformation of specimen is measured by a dial dauge atrached to the piston. 7 e
The triaxial test equipment may also have artach to m e the volume changes of the specimen,
and 10 note the pore water pressure in saturated specimens. Other componencs needed are sample

tricamers moulds, porous discs, membrane, binding sirips etc,
4 o= ! ’ ,

Procedure ; : i

Preparation of specimen, Either undisturbed or remoulded specimens may be prepared as de’i“d.'
Larger size of undisturbed soil sample may. be taken and trimmedwuo desired size. - But undisturbed !ffll
rample can be prepared only from soils having sufficient cohesion. Remoulded samples of cohesive s0ils
may:be prepared rither by compacting first in a larger mould -and by pressing hollow cutters or in constant
volume moulds. Special care is needed while pr=paring sprcimens of cohesionless soil, in lpEdﬂl'mC‘“'d
after placing the membrane in proper position. The cylindrical specimens usually have height ro diameter
ratio equal (o two; this ratio dova noc however exceed 2.5, ey

Tast type. Three types of triaxial tesrs may be performed in partially or fully sarurated specimens.
These are (1) undrained or quick 1ests (i} consolidated — undrained tests and (tii) drained ot slow testa.

In the undrained or quick tess the oucler valve is closed and no drainage is allowed from the specimen
.du.nmg. the test, from the time of applicaiion of lateral Pressure ag till the specimen fails undar gradually
increasing verdcal load. In the consolidated undrained test, the drainage valve is kept open and the

26

TRIAXIAL TEST 2

specimen is allowed 1o fully consolidats under the applied Jateral premure o5: bur po furber draimag= b
allowed during the applicavion of the veriical Joad, till failure. )

In the drained or slow test the drainage ir aliowed during 21l siages of 1esuing.  Firs: the Specimmen is
allowed to fully consolidate under th applind larcral pressur o3 and later the veryea! joa® = a0 appied
in such # way thai there is enough time for the drainage of pore water preszure deveioped from e

. 1o ume.

There are 1wo methods of applying the Jateral or confining pressure.  Usually the larvral pressure o is
maintznied consiant throughout the 1est. But in some studies the volume of the specimen s maintained
constant by adjusting the laieral pressure. '

‘Test procedure The specimen enveloped properly in th: membrane is kep: in th= miaxial e=lland 2
desired Jateral pressure o is apolied. Then the verical load iz increased tll the specimen fails poung
the vertical deformarion and Joad readings at desired intervals. The eXperiment is repeated for vanouns
other valurs of lateral pressure. To find the values of cohesion and angie of int=rnal friciios. 1=s:s should
be carried out with alleast two or three difizrent lateral pressure values. 3oils may be tesied with lateral
pressures of 0, 0.75 and 1.5 kg/em?.

| LOAD
G }G-O‘cﬂa -
i -
PRESSUR -
cavee “RE [ ]= g
RUBBER s = 3
- MEMBRANE 5. =0 H
YLINDER —_— -— 51' /
OROUS = = 1L
STONE KX AL PTRS, £
5 |a5ec s t——a ——
L] iy | — =
Figure 5.1 Figure 5.2 Figure 5.3

Stress Condition in Traxial Test ~ Mohr's Envelope from Triaxial Test

Triaxial Test Set-up
Calculations : - Lo

The triaxial tesi specimén is subjecied 10 the all round pressure equal 10 the lateral pressure ¢z and

the applicd vertical stress or dreviator siress og such that the total verticai sress a; = o¢ — o3. This is

illustrared in Fig. 5.2.  Mohr stress circles are polled a1 normal stress intercepis os and ay or with diameters

equal to deviator siresses. Mohr rupuire envelopé is then obtained by drawing a tangent 1o the circles,

85 shown in Fig. 5.3. The imercept of this line with Y—axis represenis the cohesion C and the inclination |

with X — axis represents the angle of imernal friction ¢ of the soil.

Correction for area of cross section. 1 is necessary' 10 correct the deviaior stress.values for the increased
area of cross section duc 10 loading. Assuming that the volume of specimen remains constant and the
area of cross mection of the specimen increases uniformly, the corregted. value of deviator siress og is

calculated from the relation :
X P iy
_‘"“I‘( =T )
A, = original area of cross section
A = deformation of specitoen
I, = original length of specimen,

Herc P; = applied load

(%1 CamScanner
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TRIAXTAL TEST ) : -, i
TRIAXIAL TEST 29

' Beside finding the values of C and 4, the behaviour of the soil is often judged from the i

curves of the specimen. The value of modulus of. deformation, E is also obtained ﬁ'qm Fhe Strest-strain Cury, -] 1 -
-3 the ypecimezr ol o ed uder specified test conditions, such as the value of Iaten§ conﬁ.nemfm, % Ty, ] i "";
modulus of deformarion is the ratio of swress tosurain at. an _arbitrary. poiat on the swress-strajn curve; g, g } g
point may be decided based on andcipated stress, or allowable percentage of strain. R : i ‘ -:- D=
Discussion v = L :.g_‘ . i E )
. e L . 2 A ot X = 1
While * testing subgrade soil for. pavement design either an ‘undrained or consolidated Undraineg H ! 3 _? = -
test i3 preferred as the load applied is mostly (ransient. ; : : (&% = i
. . - i - . - oy * o - o o9 -4
The trixial test may also be carried out. on.soil aggregate mixtures, stabilized ‘soils and bi'“minuu, 5 ' a-g = .
mixtures. However larger size specimen should' be' used 'based on the maximum particle size in the g ” = :
sample. ' ; ; ' hi g " >
. o ; : ; : ]
The unconfined F:ompressipn test carried out oq“cnhe:ive soils’ may 'Be considered as a special case of ‘%’ I 'E E
the triaxial tesc when the lateral pressure ¢3.is equal to zero. b : R N g 1 I £ S
e - e e ; . d ; - = : 573 !
Applications of Triaxial Test Resunits’ ~ - - REREs % 'g SR i i
- {a) ‘The shear strengih paramerers C ‘and ¢ of the materials may be used to find the shearing resistance : 2 . g Sl 2 o -
of the-material, using Coulomb's equation, - 2 IR R ] E‘, 5" e
A : . e - A s
8 G 4 o thn'g _ . ' X g " F-F ég-_'
. 2 . w 2 = |2
These values are also useful to evaluate the ultimate bearing capacity of the soil and for ;, é ° 8 Z 3 ° 4 :
evaluating the stability of embankment foundations and slopes. ﬁ & 8 g e | i !
(b Inthe triafia!-methpd of ﬂexibl? pavement desigu, .the E value of :ubgn}de soils is n-r:be found - E ! : '
- from the triaxial lat._ : Kansas Highway. department has recommendeéd a lateral confining pressure, E;i - ! ‘
ey 1.4 kg/em? during the test. . The modulus of ;deformation of the subgrade soil is determined E_ £ al i { T
at axial.soain value of 3.3% of the tést Specimen. - ) LlAgmal “. ! :E‘ { "
B (c). Tﬁui;l test is used jn the design of bituminous mixes. - g | = i B !
-(d) The unconfined compression test (o3 = 0) is used to test bonded materials like soil-cemient etc. : ' g. i ! ‘
: SR > s it ! ' i
. ~ . S-Sl A i i
: _ REFERENCES 5 s g 2 |
. : : SRS : 11 ' ;
l.< 55:11 Mechamca for 1.{°ad Engineers, D.S.LR, HM.S.0, London, b I H | i '
§' » '1 1_“:““8 for Engineers, T J. Lambs, John Wiley and sons, New York.: 55 E -E’ !
- > ! 2 X
M \:‘nqp o, ;fTPavemem Pe’lﬂﬂ- £. J. Yoder, John Wiley and sons, New York. b 4 E -
ore Flh“_ ds of Tests l'o_q Soils, Part X1, ndian Standards Insititutions. ‘ - z 'L; 1 ;
: , ! ; A o ] T “w 8 e ! |
- s o 1 >
’ APELY . PROBLEMS i & -SE"I
'2 Gampm trixial and direct shear rests, : i ) ) e F ._E I 8T ] ! !
- Briefly explain the Principle of riaxial test hD g \ M I i
3. Write & nots on preparation of triaxial o = = il g3 | !
4. HowareC and ¢ valy i R rcimang, R SR I !
values found from trax; 1 S e { :
5. Why is correction of siress pec oy sl l L b R I : '
£ 2 i ; :
and why ? u‘“r’: for change in area of cross section ? How is the correction made - " 8 I = 5 % l : !
6. Define modulug of def, 2 8 5,853 i
ormatjon. = 5 39 !5 83| ! ;
What are the applications ? A EQ 5.3' : E ! = E = ! i '
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CALIFORNIA BEARING RATIO TEST n
. L .
California Bearing Ratio . Test.
: INTRODUCTION - v
3 The Californiz Bearing Ratio (CBR) test was developed by the Cahforma Division of Higway as a
,é method of classifying and ev aluaung' sml-subgrade and base course matenals -:f'or flexible pavemens. Just
3 after World War 1, the U,S. Corps of Engineers adopted the CBR test for use in designing base course for
:; airfield pavemenrs.  The test is gmpmcal and results can not be related accurately with any fundamental
] property of the material. The method of test has been standardised hy the IST also.’ S
The CBR is 2 measure of resistance of 2 material 10 penetration of standard plunger’ under controlled
density and moisture conditions. The test procedure should be smctly adhered if - high- degree of
reproducibility is dvsired. The CBR tesi may be conducted in re-moulded or undls:urbed ‘specimens in the |
Jaboratory. U. S. Corps of Engineers have also recommended a test pmcedure for in-situ :est ‘Many i
4 methods exis: 1oday which uiilise mainly .CBR test values for desxg'mng‘pavemenr slructure - The;test is [
simple and has been extensively mvm:ga:ed for ﬁeld correiauons ol‘ ﬂex:ble pa.vemem I:l:uckness } ;
requirement. . 2 vl BUEy i SRR T 5 wr
Briefly, - the test consists of causing a cylindrical phmge.r 01' 30 mm dlamerer to penetra:e a pavemem : g ! -
component material at 1.25 mm/minute. The Joads, for' 2,5 mm’ ‘and S‘mmare Tecorded. . Tb:s load is’ ; J e b
expressed as a percentage of siandard load value at a respective defurmatmn Ieuel 10 obtain CBR va.lue S0k 7 N
- The-siandard Joad values were obrained from Ihe average of a Iarge numﬁez of tests on different crusbed The
mesandaregwenm'rableﬁl B FS 0 N o
'I'zble 6.1 Standard Load Values on Crushed Stomnes for Dlﬂern: Penetratwn Valnes : 5 BY ——— ”L' >
PEDESTAL CF TESTING MADKWE
3 Peneu’ané?, = Fuandard Lowd, ke 4 - - Um_‘t_lrand;:nd load, kg/cm2 2 P s o Fi‘g'ure 6.1 C.B.R. Test Appararus oz
. 2.5 . 1370 - B T T WL : 5 )
« : : : § e s AT i : - 1 _ 3 10= 3 B
; 50 - 2055 s LTl s i dmmeler ud@mn rhxcknen is used to obtain a specimen of exacily §27.5 ma hrexS; y benib
7.5 2630 . ’ o ELa T 134 v ATy ) ) . 1 is usvally cmnpac:ea as specified for ihe Wor. &
' L : | U (e) f.‘ompunnn Rammer : The materia ed by the ISI
I‘EF . it % g WS 3 dynac'mc compaction or by, static compaction. The details for dynamic compaction suggest
2.5 . h p oA 5
< 2. 3600 : . ] 183 . : are given in Table 6.2. .
Y TR nrTed ° : : : - . 4 el . Table 6.2 Specifications for Dynamic Compaction
: O ATORY C‘B'R'VTEST ‘ : AR L ' o — e " Magnirude af blows il om Number of blows
Mgt | . g . ' T)'Po ol" coxl;b;mion' Number of layers Weight of hammer, kg Foll,em + 2 5 N
_ : . : . : : a 36
(a) Loading Mackinr : A i i . K L 2.6 R
Rkt “: bpaa“::; ¥ T;lscomprrssnonrmachme whlch can operare ar a constant raie of 1.25 mm CL Light Compaction 3- 486 15 36
e e purpose. T such machine is not aval]ab]e then a calibrated hydraulic Heavy Compaction 4
g ring 1o measure load can be used. See Fi Gi A 5 that ﬂm soil
gure 6.1, A -metal penmranon piston or . The standard procedure require
7 drforated plate, tripod and dial gauge e ose the above listed
(@), g, .Itmh Pld be soaked in water to measure swelling. For this PurP
shou
ment in Figure 6.2. :

Plunger of diameter 50 mm is arrached 1o the loading machine. :
b) Cyli 7 -
.bmft )50 émmi::arhMa::;M; : Moulds of 150 mm diameter and 175 mm height provided wnb a collar of saiple e
g etachable prrforaied base are used for thupnrpose A spacer dis¢ ol' 148 mm _accessories are required. See the arrange: .
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C‘-U_IFORN“IA BEARING RATIO TES'Z.I'.

. 32

SURCHARGE
WEIGHT  —

Flgure 6.2 C B.R Mould with Swe]l Me.nsun.ng .Dev:ce SR

, (c) Amsiar umgh! In order sto mmulate “the “effect of the nverlymg pavement welght, q.n.nu.lar

" -wéights &ach -of 2.5- kg ~weight and ‘147 mm dza.melerare placed on t.he mp cft.he lpemmen, baLh at the

- time of soaking. and tesung the samples, as mrcharge i ; Fup ) 3 el *
" Besides above’ eqmpmem coarse ﬂlter plper, neves, oven, ba]ance, erc Ere thu"'e‘l

Pmmdure Lol ." 2 ir 2 a3l

B

As per the ISI,; Lhe CBR test may' be . performed enher on und.lsmrbed so:.l speqmens obtained by

fiting a cutting edge 1o “the mould or on remoulded specimens, .R.emnulded soil, specimens may, be

compacted either by -static’ compaction .or by dynamic compactich. When static compacnon is adopred,
the batch of soil is mixed with water 10 gn e the required moisture cuntent, ‘the ‘correct weight of moist
soil. to_obtainthe desired density ‘is ‘placed .in_ the mould and compaction is atiained by pressing in the
spacer ﬂ“‘-*mg a compaction machine ar Jack. " The preparation of soil ipecunens by dynamic compaction
-or -rnmmmg is Tore commonly adopted and is e:rplamed beiow .

: Abotit 45 kg of mnter.lal is dried and sieved through_20 mm neve., 1f there is note wnrthy pmpnruon
of m]ateﬂlll'; Nl;.med on 20 mm. sieve, " allowance for larger size materials is made by.replacing it by'an

J :;i;m W:Ifdt ;ﬂm:la::lnal passing 20 mm sieve and retained on 4.75 mm sieve. The optimum moisture
2 ry - density of "the s0il are detern:uned by adopu_ng e"_hef IS light cnmpimlﬂﬂ

(Proclor com'pu:non) or ]S hu
the. reguinimon vy compaction (modxﬁed Proctor or modxﬁed'AASHO compaction) as pet
Each b t
=t a :;h of sil (of atleast 5.5 .kg w clghl fer granular scils and 4:510 5.0 kg weaght for fine gramcd
Saad ‘;:nu:ur:r moisture cnut.ent or the field mmsrure oomem il lPeaﬁ'd
m of the mould over the base Plate a.nd a mane filier PﬂPei' is

; Pl.wed over the 1pu:zrﬂuc The moist
£ . 3 &oil gampl E
ther-the 1S hgl:}t mmpfcﬁun or the IS beavy m:p::::"; be compacted over this i in the mnul_d by adopting

I3

E

| . valie and the corresponding penetnuun valae are recorded.

sﬁ-mm, _if ‘not ~the “weight of soil taken for np

.:fm‘mbahngauch;h

b soahng-uf :the s0il specimen. for four full days br'Sb“homs ’.['he final dul glugc:ud.u:gnme&:o‘mr e

Tis. allowed 1o drain in 2 .vertical position ‘for 15 mioutes. The mrtharge wuzb.u,lh:vcrfmmd plate

: plsle and is wexghedagl.m to detumlne the weight of water nbnrbed

¥ three cm dcplh of the soil umplefor-ﬂm delcmnmenbfm

f
CALTFORNIA BEARING RATIO TEST 33

(i) For 1S light compaction or Proctor compaction the 30il 10 be compac=d 5 drvided oo three
'equll parts; the soil is compacted in three equal layers, each of compamed tiackzes abo: #4 =0 by
‘p-plymg 56 evenly distributed blows of the 2.6 kg rammer.

(u) For IS ‘heavy compaction or the modified Pmcxor comp-cbm. the 807l & Evided izio Eve m:. )
pnm, the soil is compacted in five equal layers, each of compacied thickoes aboct 225 == o7 appiveg :
<56 evenly dntnbuted blows of the 4.89 kg rammer. _ Afier compacung the {ast layer, (beoilers remowed -~ -

and -the .excess -soil .above the top of the mould is evenly trimmed off by meams of the scadgdredre. Tty
Jmponxm to see if the excess soil go be rimmed qﬂ'wh;}e Ppreparing each specimen & o Shcksew abom
ng each speci is suizably adjowed for ibe repear —
ests” 50’ that the thickness of the excenllyzr 1o bemmed offis abont 5.0 mm A=y bole thar develops
{*the - surface due to the removal of coarse particles during trimming, Inay be pasched wik rmallerzz= -
terial. “Three such compacted specimens are prepared for the CBR 1e=. - Abour 190 gcfzi!::ﬂs
L '&ollec(ea-fmm eﬂch mould for moisture content determimation, from the trimmmed ef pomn:

ps are removed a.nd themou]d with the cumpac(ed soil is lzfted leavicg va-r zhe m:gﬂ
1 Le‘s'pz(:er dxsc w,hxch.:s removed. - The “‘wﬂhtben‘, ed Tk weighed A -
P _d on the perl‘m:ea base platg, the mould-with cordpacred soil i foverzed a.ndpg-.-.;;d B
v?r Jhe bnm a\platc Asuch that¢he:topof ﬁeiuﬂn.mpk nw-q:llc—d m’bueﬂgr
e’ clan ps of ¢h= ‘base gplateare tighteped. ~Another filzer papersis placed co e wop srtack ol 2
.“f d ‘the perfomted phm- ith 2 ad_]mbleftun is phced overit. Surcharge we@brs d'z_-. c_;..{lh
x —welg:l:tare placed overihe pufq:}ted-gﬂnena sthe-whole mould swith the weights uphman 2 :;.g:;ﬂ
angw«hespeuman%othﬁnmthe 1w0p ;l.nd bm:. The -ﬂl‘:iiiis:g.

f the: dial gaugeu planedmchmg d;emp.n{ 'ﬂ:e.adjusnhle stem of the perforated phare. '(See‘ﬁg'm
‘“l'he initia) dial -guage mdmg is recorded and the test set up is kept undisturbed in the water muk toaliow

ﬁae expansmn onwellmg of: :.he.mxl:peamm.due 1o soahng

The swell imen:unng mamhb—u ‘removed, the mou\d is u'ke:n out “of the warer tank n&d:enmp}e _— '

vm.h stem. and ‘the filter- paper -are removed. Tbe mould with the ;oilnmple is removed frum‘ﬂ:e‘hag

e

'i'I'hc mould wnh the apec:!men is r.lamped over the base plate and ﬂ:e.nme m.rdnzge wag!mm
plmed on the lpecunen centrally’ sur.b that the penetradon test could be conducted. * The mould with
‘base’ plate is placed under, the _penetration plunger of the loldmg machine. ~The penerration plunger
|ea|ed at the centre of the specimen and is brought in contact with the top surface of the soil sample by
app]ymg a seating load of 4. () .kg. . The dial gauge for measuring the Ppenetration values ol'l.be;:lnnger e
_ i fitied in position. “The dial gauge of the proving Ting (for load readings) and the penetragon-dial gauge':
are set to zero. The load is  applied through 1he penetration plunger at a uniform rate of 1.25 mm/min.
The load readings are recorded at peneiration readings of 0.0, 0.5, 1.0, L.5, 2. 0, , 2.5, 3.0, 4 0.3,

"‘and 12.5mm. In"‘case - :.be"land readings start decreasing ‘before 12.5 mm pen
After the final reading, the load i celeanad

The pmmng ring _calibravon facior.is notod
Abou 50, 5 of -s0il.is wllmd &Gm::h ;

and the mould is-removed sfrom the loading machine.
that the load dial values can “be converted into load in'kg.
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GALIFO>RNIA BEARING RATIO TEST

-3¢
; £ TV LGP

C-!ulldon . 4 Am TR .

: ,_Tha swelling " or. expension rartio - is ca.lculared from the" bbservations during the swelling ¢

.thc foﬂnuh. b s s b . it aobon oS U8ST Using
e e D wATE T R healedb e

Expman rado = _lg)_(d_':_d_ll e - s ' :
4w A - —,':.94-'..’“ -'I 4 teat i vt rntRaed peedd iy Ly
.‘;'h.‘?.(e-: o ars |d{ =ﬁnll dunlgn.ugereadmg-aﬁe:l soakmg, mm 3 SR L)

‘
—

”JmuaLdm-l gmge readmg before soakmg, Mmoo et

b*— inmafhexghtn?ihespemmen mm- )

% H < ; :

Y 'I'be load.;, Inea nn:ed for each penetrauon‘level are d:.vxded by(he area oflh l
(19 535 r.m-'l) to ohram : the .prasu:c or " unit 16ad valués on the Ioaamg p‘iunger Th le nadmg le"f"
curve .is, thenplotted.. i natural’ 4tale'for each ‘specimen as shown in Fig. 63 U'r,h : 03‘1 Peneu—auoh
convex upwardl as shown: t‘cr specunen no.* lﬂ‘no correction’is needed.’ ‘Tni Ea’sé the::em.lwe " umx’urmly_
:: the mm,al j:j:mond ofAthe curve is concave upwards as shown for specimen mno. "-":::eﬂe S
£ rrecunn!h.: ;nmcf: ML ;;nie;; is_drawn from the steepest 'p'émr. on the curve'(:Dmnt;X., in F:mt; il
tersect ichs is: the-corrected otigin correspondmg 1o Zers' enetranou gI‘h <hio
e um:

- oa. il' L O ,2 Q*a 0 ‘mm pene on al a E“h f th ]
l d al eg- corrupondu;g, I nd 5.0 i P (41 trah ILl ( er I'Bm E ongma ongn:l for c
U.I'Ve

P Umtload' camed bg;sml»sample ar dPﬁned penézmﬂon lev'ei‘ 3

it load. c,aqu hy standard crushed:stones. at above: penetra tion: lebel
ek honpice a5 i

darac' z«h 2F S wn i s e
crushe R R
;i i m?fl?‘Fe’ amg:ven—::.LI;gbIgj

| SPECUMEN MOV b

e qj“ S MM PENETRALION, -,

*.\ :--.}.‘: 100 =389 7 _!i_ g]"-. 7

3. uu-runnrnnn

wr b1
% F
. s ¥ T28 i meneTaangn - T

= “ - Xonmecrencins L aisavses %
: S E: L 30 'l”ﬁ'"llll"“
& o) - :“CB.. . 5 ;s 2 e

: PARECTED :u-wl’-m-xn L

<

- CBRA26 6LUT- 25 mm mew) T

Y

\ @anicra

o iy

| &
m the oburvauon sheet

B currespondmg g-raph;

: '-n:unple

*inould by attacking a core cutter.

" ‘fundamental soil" propertigs. - Unless - the: test P
. obtamed The compaction specifications such

' ‘rammer .in ‘each layer (.m»xb.

] - . - \
 'materials like soil-cement.. ..

h Applntns

CALIFORNIA BEARING RATIO TEST

ne’nltl
‘The" expansion "ratio of sm! due t0 soaking and the other details o [ the tes: may b= reported &3 given

etrations are calcnlated for each specimen fromthe

Generally the 'CBR value at 2.5 mm penetration &1 kigher asd this value ]

3dopted Huwever il higher CBR value is obtained at 5.0 mm penetration, the text is to be reoeated r
Y the’ muls, ﬂ'the value at 5.0 mm is .lgun higher, thnnadopwdu:he(:!?-rﬂudfm-ﬂ

The average CBR value of 1hr=e !peclmcn! is reported to the first deciz=al plu::.

The CBR values at 25 mm and 5,0 mm pen

maximum variation iz laborstory in C3R valo=s
for the different ranges, the C3R tes3 sould

of six specimens is adopted.

Accordmg to the Indian Roads Congress, if the
“between -the three specimens exceeds the values given below
be repealed on addmonal lh:ree specu:nens and lhe l.verzge value

B.ang!ofCBRﬂ.hrs,‘}'. .

T Maxxmum permissible variation r
in CBR vafues, A, i

;up!n 10:

: -10 to!:O ) N .~ -
Gieall som.ﬂ) N -
' above 60 ' CRENE A

the GBR test by taking omnmplafmm:heﬁddm—tbe
e,.thlsmethodnguznlly

= |

ety oowstuin ar bas

| 3 samples -may be used - for -
“IDué to high degree of d:.smrbmce in sampl

not adopted. pay
an arb.u.rary strength  test and " hence can Dot be+ used to-'evaluate the !
|

rocedure is smicily followed, dependabie results cannot be i
ht of compacied specimen (before trimming off), i
distribution the blows of the

The CBR test is essentially

as to:al hug
d layers and the uniformity of :
n) “affect the test results. The inidal upward |
be due to (i) piston surface not bemg 'i
akedooilbungm»fc. “Thetestis  _ |

itable for semi-rigid - i

the equahty of thickness of the:five compacte
e of dynam:c compacuo
ion curve ca.lhng for the correction may
the fop-layer of so
nnd hem:e “may not be sui

concavity of ‘the load-penei
“fully : jn comact " with - 1op. of hes specimen O, (u‘)
meant only for soil and granular- base course mg;engls

52 FIELD CBR. TEST L7

or truss is required for lpply-mg the load by means of & mechanical
tsion  rods, jacks,

A reaction " load like a l.rucl tractor
cm dismerer "Joading plunger exten!
diameter and 5 kg in

screw jack. - The other equipment peeded ‘are 5 s o
{ lar arge -plate 5 cm in

. proving ring assembly, dial gnuge, datum frame, annu ‘

weight, with a central 'hu‘]e and siot widih 5.3 cm aod two ciréulat slotied weights of 10 kg and diameter i

about 25 em with central hole and slot width of 5.8 cm.
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RATIO TEST

- GALIFORNIA BEARING.

36

]

‘l s Procedure : '

- \ i i d lavelled. ., Particular care should be

. ' . .of about 30 cm i dismeter i3 rimmed an e 9 takey

L ’;:::;:f:l:fh:::h. pl.ungﬂ' is 10 be seated. The surcharge load of 15 kg is placed pn lh_iE wrface ang

J,:: Junger is reated properly. . The dial gauge 10 mensure Eh’. prnetr-:ilapn is n.uuh.d u_: the P_lung,,.

l l:'mdini;\ qi'r;ﬂ-'ia'eﬁdrni datom frame. " A seating Toad of" t kg is applied and the loiid and penetration djy,

{ 3 ~E v \ CeM e 1 V . W v its rarnud { el . L

ey gL

-, » Tha doad iz applisd to |

rately 1.25 mm/mioyte., The_Joa

g ar ) "2e0 C [ ls Y g \ A 2 o .
ha plupges by means of the jack such thag the rate of penetration s approy,.
d readjags arg poged for_at pt.-‘:.:ﬂupigp_:,: 0.0,0,3, 1.0, 1.5, 2,0, 2.5, 30,
d 1 released and moisture content specimen is taken frop

LS L

49, 3.0, 7.5, 10.0 and 12.5 mm. The loa
~itindernediiy they phamgérat s rn e o mar ndy LY obad T sk o
iola woure S oilt vomepirt @@an s 301 iy smie§ Ao W LAy ik o riopy ddastsap ol
 Calcularion ] 5o L ‘
441 B 9 LA OR THN Le&e 110 o y Ay
caleulated” ‘sa In the case of laboralory

o g v ) s ANETE . T a
The load-puenetration curye is plotted, and the C.B.R. ;lll.l is
! C.B.R. The “torrection is applled where necessary i.e.7.in the cnne‘.of !ond— ;

r concave inililllynpwil‘dr.'-" R , : o ,‘ ,_,.1. ;‘”.‘J’f ,‘ .,,: ks
: - Threa in-place 58%5&1: “shall be performed at each slevation to be tésted and the average value
' adopted. However if the three tosts in any group do not show reasonable agresment within the maximum

i | .specified varintion for the range of CBR values,
values 10 to 30%, 10 for;30 tg 60% and 2% for values greater than

" made In the average of six tests |ba4 adopied for design. ;
Ntoover |l Tt L S

penetradon curves which are

,59‘-%) three nddi:iongl tests shall be

roasiin g A

lJ-l-c-illon e ey s il i ot wibsirya o —
“The field-CBR: value is found ag the existing moisture gontent. It is.not easy to- obtaine the field CBR

‘vAluu under sonked condition, unless the test site is subjected to sonking by flooding prior torthetest: ‘It
wilamot- possible 1o untisfactorily simulnte ' the: critecal jconditions of dry density. and moisure content In the

W\ . % . ¢ . ! "]
Aifield. ; As the-CBR walue of a s0il largely  depends on the densit and moisture content of the foil, the wat
cpnd]donl should ba selected with due care, Chg ‘ ‘
, s TR T
Applications of CBR test L 252 s t ' :
ad 1 Raded dA% o ) ok fingtediv un (HAT T D) g Wt
ey *nmme,?n,éx::ﬁ."w CBR test data ‘colléced; 'ompirical design charts woré developed by the Galiforniv
Ry ] CIES SRR B PR E YL ETL PTREI [CO SR PP ) 4908 = reen 3 ‘ ‘
o Rt Je ok o r S dasent “?‘qn:':’_c,';' et fahes s et enm, » o ool
— g [siia 3F0 e ,'.- .' ‘.‘l'-.i"w‘ .AJVIl"“”U“lo‘ ynua i ki) B .
‘ - ‘]."‘w'ui wat s agany £ e gl dde . s,
| e AT 8 0 st Tl o 21/ T AT
! oeisoes L .,“4.‘:' p 5; — < ’r\ ,},’1/ i) {| AT NS PT I
y A A NN f o pt - '
% /‘///;, Z ! I '
e Sy i i
2 aoff A A4
. s 40 rz‘ “ /‘,‘ THARRIC CLAYBIFICATION
i wl e 7Y URVLINO oF VECLE PRR DAY | oy "
| » WP 54 . |ieNRong 3 tomas Laokw waianr” [P 1
! 2 A 0 - o
| PP : i[m{.t/ (] W “: .
i 3 W - : '
bal | ae M z w'fr N oofrenr ime -y u:: (
d ) ‘l o ld A% ™ o0 ks
_ 4 i b L B IR P I i
18 JIR O Jaqt g pv0ve avap
- T 1 L] ]

1
Foaoamp

GPR Design Chart

e L

l-;igll;i'n é.i

(tolerance of 3 for condacted CBR values upto 10%,5 for

—wr

CALIFORNIA SEAR NG PATIO TIET
. pacvBesi e alem — Dol
T TER Gemary ke adogred

o Fapwe ™ ey u—

the CTRE vobee and Ywad

Siate Highway Depariment, correlating
A pras v AT BE TRy

Later on similar design curves were prepared by «
by the Indian Roads Congrens for tentarive s n { ndia
are for tha different traffic valumes.

P e

C pweeeta ami @ vEfls cviuBe sgeced =

As an example, if the CBR value of & subgrade pml ®
berween 450 and 1500 commercial vehicles oer iav  owng
pavement thickness is obrained as 33 cm.

arve L ww g~ & o rae wiae
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Methods of Test for Soils Part XVI, Laboratory Dereronsaton
‘ Institution.

2. Soil Mechanics for Road Engineers, DS/R, HM 5.0, Loodon.
3, Jl-IIighway Engineering, §.K. Khanna, and C.E.C. Justo, Nema Chand & D Rovvir
h, TPﬁndple{of Pavement Design, E.J. Foder; John Wiley and som:, New Vork

4. " Guidolines for che Design of Flexible Pavemenss, 1 R.C. . 77— T, fnfam ey Conpre

6. “Methods of Test for Soils, Part XXXI Field Determinanoa of Califor=:a Desr=g Tane [S IT2,

Indian Standards Institution.

r.

. PROBLEMS
. 1. Explain CBR.
I What is the significance of surcharge load while soaking and resuag e wal
.3, Discusa'the objects of soaking CBR sample before tesung.
‘ How is CBR value evaluated from the graph ?
5. When is correction of CBR curve called for ? .

6. What are the causes for tho initial concavity of the CBR curve 2
. OBR valucn of a il obtained at 2.5 mm and 5.0 mm peaetration are 5 asd 5.3 pereeat reapecuvely,
. avon after repeated testing.  What CHR values should be adopred for deugn ’

‘8. CBR value of 1oil .\ is 13 and of s0il B is +. Which one is & better soil 2 Why *

0. Driefly outline the CBR teat procedure.

10, What aro the applications of CBR test,

& w0 total pavement thickness over & soil subgrade of CBR value 5 percent. Awmume tratlic
' .

Caleulato th
of about 300 commercial vehicles per day.

{12, Discuss the limitations of CBR test,
‘ l‘l:!. ~ How is field DR test oacriod out ? .
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e * CALIFORNIA ' BEARING RATIQ TEST:. -
[ : : g
- : el '
Erneed"tl i AU
CaoeseAl mr:ulnr-nru"ufmbou: 30 cm jn-dismeter is Trimmed and levelled. ., Particular care should be l:‘ken
3 at the-centre wherv the plunget i is to,be seated. The surcharge load of 15kg is placed on this !'-irl'acg -

:hc yunsﬂ' l,,,a(gd pmpcrl'f. The dxal gix‘ug'e‘to meaau:e lhe penetr.l.uon is arrached to the thger
lﬁacpm‘?ﬂt dnlul:q I’ramea - .-\ mmg Tond o[' "-!- Hg 'is apphed nd the lnfid and Pen!fnhon dlal;

me an . S Loty i

al:: !l_‘ﬁ lo ZErﬂ

&
b R340 LS

- jaged caE 1 8 Buaiewa wtelay o2 E" .
plunges by meaps ¢ of the Jackaucp that the rate of pene non .s 'Pme
_Jpad readingy are no:ed for “at peneuauonl 0. 0 0 3, ! 0,135, 2 0, 2.a 3ol

The load s released ‘and moisture content 5pec:ﬂ:len is' taken from

s ady asia
o .A,Tbu.load «dsapplied.-to, xhe,
mately 1.25 mm/minyte.. . ,,Tha

40, 5.0, 7.5, 10.0 and I25mm_.
mitindernedrhi theplumgeéral oLy
iz e ST ailr 2 N .

Cnll:uhnon '

)|:|I- 2i zmare i k4 To ‘:V:‘...'Hn:n _1_‘_,”“‘&,?__)“
The load-penetration curve is plotted, and the C.B.R. value 18 calculated “atin ;he case Ofiaboramw
-‘C.B.R. The torrecton ir applled ‘where nemury i ey

couc:vemma]lyq)‘lvar’dr‘* Do ey

<« Three m.-plac.e GB]H*am shal]. be’ pe.rfomed at each elevation | to be tested and the average value j

adopted. However if the three tests in any group do oot show :euonaﬁle agreement within the maximum
-specified’ vanmon for the range of CBR. ‘values, (tolerance of 3 for.conddeted . CBR.  values upto 10%, 5 for
values 10 1o 30% %, 10 for:30 19 60% and 25 for values. greater ‘than 50 /Q} th:ee adrllucna.l tests shall be
made in the average of six tests beradopied furdeng‘n_ : 21 ¥

-uﬂ‘i-b:’
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: *"“The field-CBR value i1 found af the existing moisture. confent. . Itis. not easy to- obmme :.he field CBR
ﬁv lue under soaked condition, unless the test site is “subjected to ‘soaking by flooding prior to-thetest: It
ismot- passible té- ssatisfactorily:simtlate | the: critical yconditions nﬂd:y: density, and moisture content in the

ﬂ'ﬁald.fA.!'
thie:CBR: value of & sil-largely- depend: on thedgnm:y and. moumre content of u:e sml the test
mndmonl should be selected with due care. b
'Apphm:ou of CBR- test. . . % : B
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Figure 6.4 CBR Design Chare | -
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_CALIFORNIA BEARING RATIO TEST 7]

correlating the CBR value and Sexble pavemen: mcgmem mquo=mezi
The CER desg= coast adopeed

The Lfrrem curves

State Highway D:pur.mmr,
Later on similar design curves were prepared by various other agencies t0o.
by the Tndian Roads Congress for tentative use in India s given in Figure *

are for the dlﬂ'erem traffic volumes.

the CBR. value of a subgrade soil is 7 percent and the aSc voiume expeced o

_Asan example, if
the ol Mexitie

ben?een 450 and -1500 commercial vehicles per day. using curve E see Figur= 2.3

p.ave_ment thickness is obtained as 35 cm.
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_l nghway E.ngmeenng, $.K. Khanna, 20d C.E.G. Justo, Nem Chand & Bros; Roorkes=.
Pnnc;ple: 'of Pavement Design, E.J. Yoder; _]ohn Wiley and sons, l\ew York.
- ZGuidelines for che. Design of Flexible Pavements, 1.R.C. : 37—1970, JacScn Roads Cogress.
".Meumds f Test for Soils, Part XXXT Field Determination of California Bearing Raso, IS - 2720,

- Indian Stondards Institution.

- PROBLEMS
1. Explain CBR.
- What is thé significance of surcharge load while soaking and testing the soil ?

o

3. Discuss'the oi:jecu of soaking CBR sample before testing. .

+ Howis CBR value evaluated from the graph ?
' 5. Whenis cnrrer.uon of CBR. curve called for ? 2 .
: §. What are the causes for the initial concavity of the CBR cu.rve ? '
" 7. GBR values of a soil obtained at 2.5 mm and 5.0 mm penetration are 5 and .3 parcent respectively,

even after repeated testing. What CBR values should be adopted for design ?

8. GBR value of soil & 15 15-and-of soil Bis 4. Which one is a better s0il 2 Why 2
Briefly outline the CBR test procedure. '

10. What are the applications of CBR test,

11.". Calculate the total pavement thickness over a soil subgﬂde of CBR value & percent.
! of about 300 commercial vehicles per day.

112, Discuss the limitations of CBR test.
3. . How is field CBR test earried out ?

Assume wmatfic

o
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CDR at 5.0 mm
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North Dakota Cone Test

monumON

L 'I'he North | D:kou. Cane (NDC) Tese isan ad hoc “penerration test developed by North Dakesa Stzz=
H'ghW‘F Depa.rrmen: of the”U.5.A. for use in fAexible pavement design. This cone peserration res
m!lhod can be.used'to test in-situ soilsin the Eeld as well as in the laboratory to tex soils remoulded in
large moulds such as the CBR mould. The main advantage of this test is thar the equipment being
poﬁnble and simple;.can easily be used in field control tesms of soil, soil-birumen eic., when the wil &= fres
from coarse paruc[u - The NDC test has been standardised by the IST.-

Appaﬂtnl
.; The! Nenﬁ Dakota  Cone TH‘I: apparatis consists of 2 vemul shaft with a sharp seel cone a!‘angl:
30':=nachedf 10 one "end, which could move relative to its supporting frame and is provided with =

lncking' device. See Figure7.l. The Cone is loided by placing weights on the top plate and the

penetration of the cone i3 measured by a graduared scale. The moving. part connected o the cone
astembly and top plate weighs Skg. Asetof 7 we:ghu each 5 kg is used for loading and a stop warch is

uxed. ¥ rm:m:g"the loading time. y 3

R (R R {1 ' TOP PLATE

Figurv.- 7.1 Nunh leota Cone Test Apparatus

Proced ure

thn the testis to be conducted on the subgrade or in-situ soil, lhe area is first trim med level. Thke
apparaitus is placed in position and the cone is moved down until the tip just touches the surface of the soil.
The shaft is locked in this position and the initial reading of the penetration scale is noted. The shaft is
then unlocked and simultanecusly the siop watch is staried. The penetration is allowed for one minute,

‘the shaft is locked and the penetration scale reading is noted. ~ The difference between these two penemation

readings gives the penctration of the cone under a load of 5 kg, being the weight of moving cone assembly.

The load is next increased to [0 kg by placing a 5 kg weight on the top plate and the penetration is
noted by unlocking the shaft for one minute. This procedure is repeated for toral loads of 20 and 0 kg
(including the weight of the cone assembly). )

39
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B - NOR TH'DAROTA CONE TesT = _
: ; : ’ N 41
mould, following the same test procedure -as above. .
SR TR RO TS AxoN. ..

LR i A R -
Calculations (o e . ) ) 15

L HHETE . OBSERVATION smmpr—— e L
. Y the cross .'_‘-cﬁmzl,.,,.ea' . I‘_._SOH type : . g =

ron oA PEGatse ol zéro en 10 4h9_=+lm'wh.xw'me-mé.'.'an ! .
equal bearing P*‘?‘j“-‘,'l‘ﬂhf’ Penetration .at- 10.kg load should be Thalf :baffo?‘-% kg load. T}
the mmcﬁuq,‘(__!?_giue 10 the rpunded Pointisgiven by ; ;o 4 s VR TN e e

oML LN

o for
erefore; i

N e : T S e -c =‘]5;n—2p16 et Ty i Al . - - “ . |‘ : _Cor_rccted pe;lieua;iﬁg_-p,, cm - hrips“f‘glﬂgkjm}* ~
e Ve oy gl e e, T 3 AR o . M Bl Y e s M [, A : Loz e o S, gt - .
where p1g and Pso are the penetration” Galue_l uozrerpoudj.}:g to' fle.:nd ‘%',kg.luads Téﬂpepﬁve]y' This = - : i ___““————_u—-——_ e :
correction C is added to all'the observed penetration readings to getcorrected penetration Teadings. ;. or i 0 L k : = '

As ':.he oo!}e.l‘nnglg.i‘s 15° 307, ;Eq‘ubéiﬁng arga.fgf" a gobébgec_!'legntmﬁbn :v;]ne mf-i»péiszt_;unl 10 xp 2 e
taxi? [7° 45°) = 0.058 pc'-l.”ru'lv‘_he hqaﬁ:}g yaiue,_[u'r each load ;s calculated. 'by «dividing - the ‘load by (he i
mm"’af‘d.i.“lg-}.’é?‘."ag:a"’..a-_..' i ki S e e I ¢ SR R AT O SARIRRU RS

R I O n.i LTINS BTGRPl I :-{.l".- alaw soamoent el A
Results ' 7 TG i O B B e e e A TS e L
w R DAV GRR L Gir mEinLcl D2 PRSP R S v v O :
-The results .are tabulated _as shown'in the observation sheet and the average bearing walue, ?a:amg
- « tbe first reading with 5 kg total load, istaken as the North Dakota OoneBearing value of the 3ol I |
W PESANES. - —— T N : B Yo bl b Lo £
Discussion . ol _: :r“ TS A Bl . i - 3_~« B [1 PRYSLER AR 3 -

T f FRSRNEY | P e . I m g et s e e b i Sy - - '

If the soil conmins coarse 'parﬁde.n,‘r!pmﬂyiﬂ:l_ew_ulﬂlsrarer not-gbtained by athe test. ";!'h_mfum\,_ﬁe b ienile o e e s 14
use of North Dakota Cone vest js limited mﬁnﬁ%ﬁhﬁdiqih‘fﬂsahd clays)free from coarse particles, ke e 200 7
Applications of NDQG Test - : FIARIRA | it g .

“This vest is made usé of in flexible 'pl-ﬁni:nt-—d_tsién_m?ﬂ:_ad evolved by -the North Dakota - State : : i
Highway Department -aad. is known .as North '.Mtiﬁnﬁelﬁet_hod “of Design, "An -empirica] design | REEs < e - ;
chart ax well as an equation' correlating the NDC bearing value and Pavement thickness Tequirement havc B e i
been made available. - ! L A B £ ; . L :

i} i . " REFERENCES - - . e -
e e i : ey Sl naein A b Fosear S
1. Soil Mechanics for Road Engineers, Dm,'H.MfS.D.,Ibndon. - L ’

2. Methods of Test for Soils._Pm_:DDm?Ngrm pak_on‘C_OQEL#t,IS_: 2720, Jnidian Standards Institution. [ i

3. Pn’ndplu_ofP.ye::nmg Dcngn;-ﬁ'. ;dcr,_]'ohn_Wiley-,&. Sons. “hae wauen 1 HE ST | : iy i

a1 s vt .
-

: T — : -‘- ;;7?393[.3"5 ity S DAY A i . ot = :
1. whmutheprindpléofh’mh Dakota Cope tesy' ' =~ ¢ - ° ;

: b ot ury B e B0 3T 3 e ; il 3 B T A R R
2 &Vhyhmnvmim'mademﬂ:ep&mﬁhiﬁﬁﬁpb{ﬁe'ﬂbca‘?ﬁgﬁhmm.wmud?I . :

5. How isthe NDC bearing valve determined 2 . :
4. What are the limitations of this yex ? : R ' : L ! TRT
5. What are the uses and applications of the NDC e ? 17 - -

= EELTAE e e =
E L
s e 25
* v-‘l—'-.—ﬁﬁr\.’ | - B yar
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INTRODUCTION |

270 In plate- bearing - testy

___of . relatively- large. size- ap

generally limited to-a low: l'vaiue, intk

elastit’ and ‘partlydue to coimpacti

. bearing. _tes_ has been devised to eva
. by using plates of large-didmeter.

luate the_supporting power of subgrades,or any other pavement layer

-

as}rig‘ma[!yr meant to find the modulus of subgrade reaction in the WES!,erg.a ard's
in-cement concrete pavements. The procedure for determining fthe

The plate ,&a:_‘ing’- test wa

analysis- for; wheel load stresses: | 1

" Westargaard’s | modulis. of ' subgrade - reaction,
standard test-procedures. IR &

'K’ is given her
T

Jotes
v

r: Appesataas L DR STabs x
* ._ % " The apparars consists of bearing plates, loading - equipment and instruments to measure the: applied
~loads and resulging settlementz:, L - T o , %
SN Y N ALY =T e e i L - . !

ist=of -2~ mild steel 75 cm;in diameter and. 1.5 to.2.5 cox thickness, and few
‘but '}mellér diametres (usually 60, 45, 30, aud'2§.7..5 crrdia.).used as stiffners.

" (a) "~ Buaring- platei-
‘other plates:of same thickn
s (5)- Laad';geiuxpn;u c:;usuc éfé-reaction or dead 'load and a hydraulic’ jack. - The reaction frame
<" may suitably be loaded : torgive xhe,peedegi reaction load on the plate. The load applied ma__xfrbe measured
uge assembly ‘or a pressure gauge connected to the output end of the

either by a_proving ring and.dial ga
hydraulic fack. ™ ™ T

(<)  Sutilement mwemm&:._ “may be made by means “of three or four dial gal'zges fixed on the perifery
aih independenl; d;mm frame, The.datum frame should .be- supported far from

e, S oy - e, -

of the bearing plate from
the loaded area. %

The plate be;n’né; LestSei-up is shown 'ianigﬁre 8.1,

STACEED pLATES

- Figure 8.1 Plate Bearing Test Set;up

Procedure
" The test site L . ..
tally in full c:n::z F::L’;.:gd:inﬂ:;b.gﬂmx 2““‘1:—.' isremoved so that the 75 cm diameter plate rests horizo"
needed e. ~ the modulus of B - und i
the e de reaction of natural :

0P toil may be remaved up to 2 depth of about 20 ¢m I:Z-g::e tes:i:g g x,l o

-

.

42

8

: N _avera|

.4 compressive stress is applied to the soil or pavement léier‘ih:§ugh rigid piag, .
d. the-defiections. are measured. for_various stress.values.._The deflection level ;,

in the order of 1.25 to 5 m and so the deformation caused may be pamly | . .
orl O the'stréssed mass withnegligible plastic*deformarion. :‘Thérm ate . and the. Joad and average settlement readuigs are noted as before. The procedur= is repeared ll the

e.. Various organisations’ have specified |

. lgra

|

!

|

¥ L.

PLATE BEARING TEST o

i

| The plate is seated aocurately and then a seating load equivalen: 10 2 pressure of .07 kgiem? (220 kg
| pow noted corresponding to zero load. ' A load is ‘applied by means of the jack, mfficienr 1o cause 2n
ge sertlement of about 0.25 mm. When there is no perceprible increase in s=tiement or when the Tate
| of sen]e,,;g!:t is‘lels tha_n 0.025 mm per minmev(in the case of soils with high moisure comtes: orin dayey
L. soils) tbe Joad dial reading and the settlement dial readings ‘are noted. The average of the three (or four)

readings is taken as the average settlement of the plate corresponding to the applied load. ’

b s,,ﬁ]g:uem-n:h'anl
* The load is then increased till the average settlement increase to a further amount of about 0.25 mm,

st { ifor 75 om diameter plate) is applied and released after a few seconds. The = gt i

settlement is about 1.75 mm er more.

ik SETTCENRRT

e

Bearing Pressure-Scttlement Curv

bearing pressure (load -peru_ni[‘ area) ‘as shown .in :
obtained -from:this

Calculation :
[~ - A'graph is plotted with themean settlement versus
Figure 8.2. The pressure p ‘(kg/cm?) corresponding to a -settlement A =0.125.zm is.

i
|
k-

| graph.  The mo.f;iu.lus of subgrade reacrion K is calculated from the relation - 2 .

20 5 I
0.125

K = ks/_c‘?f/?f or kg/cm$

[$9%5 F
| - R
'Discussion - \
| .

;m{ué Sor subsequent_soaking of subgrade
und by

{
-

HEs " Correction™in K- . B
| :2:The. modulus of subgrade_ve.actioﬁ K of a sol " fo this mel}:od jf(ould dep?qd on’-{ge mojsture
| content of the soil at the time of testing. The minimum value of h w:.lll beobu-nned un eraoah_ akn?
| conditiods of the subgrade. But it may mot be ofien practicable .10 carryout ~this e ‘-_l_:ucb_m ; _
| conditsa? “If” the “value 'of "It it desired for the soaked conditions of soil,” then a correction factor may be
oty Sle s vl sy SRegren =0E0ftu b i) - 2 " Y =
{ used 10 multiply the K value found at the prevailing field moisture-content.
L NPT Pa = e e T e R e e RO P S L .
bere plate load test was

conducted, -at the field moisture
n test at field moisture content {unsoaked mt):

. Twa soil samples are collected from the site w ey

; content, € i i jected to consolidatio

The other ?;;:ETTZEI::;:::L: ::‘:hz]ec‘:ﬂjolidatiun test after Iaturaxtr;g it by soaking m witer. ’I:;: :’l:‘::

are plotted with the deformation or setlement values on the X-axis a.m-i the pressurevaiue; ::r.:ﬁl;sbhk'ea ol

as shown in Fig, 8.3. The pressure, p obtained in q;e p}axg Iolnd Vtr.‘z::_‘.ls ff’d m;ﬁ thedi::fm 5 wm itie ix": ol
"P‘tﬁimen and lll'el_;)'l;e-s'.s;.lre "valu'e, 'pl’oflonked ‘iPeden 1o cause ,:?m‘ fmms_P.on J_g RTINS v
crumined  Tht soreerion factor i sonkiog 8 -tk which will ‘be less than 1.0.
. Vrrehl.inn,:

.

1 herefore

. - . _l_
e correction factor for soaking is taken as r

determined. Th
: ndition, K. is obtained us::mg‘lh.e

the "’!°d‘-1‘h;= of subgrade reaction under soaked co

Ty TR S R
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"] : T S | PLATE BEARING T TEST
o ' rédi iR A N
) & I:'-.--'.',I." > K._HHKE e [y i e .' Hr ey
| < R WG vk B b "."" o . 1 ;
! i i e _.,,---,*-‘_, gy, S S
whm K is the modullju! of rubgrade reaction deremmed s Eald TROLINrY COBIERT, o it 57 s by s
] i . . . e
nt mgeran; M W e Ui -
s vl §oen perabitol A y - L L
A uaY Aewt ] e Apsaaes AT Lo Pitiia = T S G Aen e A s sl
. s (o7 Vop gt wni o dug [ Ty o upp AR 2 AJLEN 1A PN
N puriima SN ? i A A r
. Kot T | 2 Ty g st Th T ) i 7l b
Pl o} epeda b m.fu 14 l.x: vie .,t“ .
g ! TR AL T N -l'g il i
' ' : B fenes, 3 i .
. g -:3 '
,"
g hlle-n.rlon n' ,...g,_" - £ 0
T g, o Ty b 'F:g. 83 Cnrrecuon for Subsequent Soakmg of Subg-mda
g i 5 - 1 -
(i) Cmdmn ur- I le fvr malhr plau .ﬂa i . ey

Ve:-y ‘heavy reu:uon lond may be needed to find the lta.ndnd K - value of soils with higher bearing
capacity when itand 75 crr dismeter plate is used for temng:. If the reaction load available ir lesy,
& plate of-smaller d..l.maur (2.2, = 30°cm) mni'be usec[ The value of subgrade modulus K; obtained

-
with smaller plAtuhnuld bu cnrrecred for the standard dmmerer of 75 cm, mummg that K.a is' a constant.
2 S BVEYG Tl rrawae S bTns
’ 3 T e 50k ie.,'msx_lﬂl' 1oy}
T a
. Al g CreviTau® Ty "r‘ ety et e o ’ S T gep
Ap"pl.l:r.-ﬂonl- of ithe Plats . ne.‘.;.g R TAR I, o

retorodl gy’ b RIEUEC TR D
~ The modulus uflub;rnde reacuon K'is used 'in rlg:dlpavement analym fnr detern:u.nmg the rad_ms of
.- rul.luvelnEnm! using the relation : oted v e S e e e o

Lt

RS T i

s Apan fmm:honudto-ﬁ.nd._& ~value;y the'plate _beari: i
ndeulu.mn- TR e, 1, \‘p. . nng test hu‘thne I.l'ou:wimg”ummplvement desnS’“

- 3 1+ ” -
®.. The. exace h.d-d!hm" beh"m’"" of the ’°‘l or the lv:men: la.yu- in-situ [or suuc !oudl is obmm:d

the pla
by P! l.eheanng tesc. “The loaded a.rea may be kept equal 0 ihe =-C1I.ll| areamﬁ.e!d-_ The

Fe llleorung
pwq‘o[ Lre ’°‘l mbgnde or -‘*Plvement laye} my befou.ndu: pzvemem evaluauan

Ry -.wu-k_ - Y ante ey 3 i a1 Y Ligkiom> i
- (ii) R.epe.u:d Pll;a b!‘ﬁng = % " . ',> §
- . by Mc Leod methed.. l-'clmed S ﬁnd Lh‘ mbgﬂd= mPli":'rt in flexible pavement design

A
P

- (iii). The elastic modulas yal
subgrade and the base u'::u lny:-e ratiq of El!Ee are found by carrymg out place [ouj tests on the
¥ e enble p“emm d”ﬂ’“ “-'mg Burmister’s elasm: two-layer

1yl My

g PLATE BEARING TEST 5
' REFERENCES

I. Soil Mechanics for Road Engineers D.5.LR., H.M.5.0., London,

. 9. Principles of Pavement Design, £.7. Yoder, John Wiley and Sons, New York.

3. Highway Engineering S.K. Khama and C.E.C. Justo, Nem Chand & Bros., Roorkes.

—
5  PROBLEMS
1. Define Modulus of subgndz reaction. Discuss the :ppl.:czuon T —
" Describe briefly the procedure for finding modulus of subgrade reaction. |
The K value found using 2 30 cm diameter plate is 10 kg/cmd. Whatis the K-value for a standard
3. Pl'"’ d;imeter nf7 5 cm., .
4 :Whm: are the various uses of plate bearing test ? ‘ |
5. How is the K value determthed ac field moisture content, ::o&:cwd for subsequent soahn‘ g condition ?
61 Whn: is the objective of conducting plate bearing test using smaller size p[al: ? Huw is the correction
B in K value made for non-standard plate size used in the test ?
3 Ve e L SR <
¥ T e .
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S X ~
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1

i Cutl pelidwyn Al
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PLATE BEARING TEST

V- » o

calibration factor =

g ring

rovin

Plate diameter =
S prd

_ Area (_;f plate ©=

od

| SHEET
G TEST

. OBSERVATION
PLATE BEARIN

%:

1 élivisiqn' =

Moisture content

Soil type @ -
" Settlemeht dial,

Average
settlement,
Amm.

4

BLTEO N
- o
&L aifasR G &y
egg
- 0~
g::_f‘”-v‘rr:ﬂ
= £ -
o B £
D =
= bo
.;__g )
Baw
£ ¢ 5
—
n..;':\-.g 10 fZ1 4000 9L o s FA%
= .
5 -E
-_.UI".U;?-: o
q B0,
c.5 2
i =}

S$éttlement dial readings, divisions:

|

Approximate
- settlemaont,
mm

* 1,25
1.50
1.75

Modulus of snlﬁgiaﬂc' K = % = —L‘kgjéniﬂ.

raph A Vs. p-values)

]
Rk

0.125 ¢m, obtained from the g

i B
)
=

0.125

Al

(b) clay rontent and type of clay (c} deteumqml marter in scil Giee o m =amer 3o siphares.

lement A

(p = the pressure corresponding (o average seft

9
Soil-Cement Mix  Design

m-monucmou

10
Soil-cement is an inGimate mixrure ofPulvmzed 30, temer and water tomzamed 124 cured for the
desired period producing a bardened and stable mau  Soi-cemess s boes —g—ir ____?,; 23 sub-base aud
base course material for highway and airfield pavemens. For 13 sy t2e srvsra of sileemert increases
wuh cement content. It has been a coowroversial mater 5 desde 2w baza for e Ze=z= of a wilcement
's the points gederally considered are :
(l) desired mngr.h
i)’ it 16 hdverse weather conditions. includirg altermme weedry 328 o Seeriaw oycles
(i) Volume. and moisture changes during the above wexx_‘._-:-_-.z —vcle
i Dlﬂ?:rcnr Tnbx "design “methods have beewr specified bvd-...“’—er T R ——
coutent requementfur a soil-cement mix satisfactory in the S=1d pc-.m
Ma.nyfactors affect the pmpe:'nes and pezﬁm:unce of soil-cemen=: Thev are -

(') So:Tpgbc—{a) Physical properties of:ﬂ mdnumgg:m Sre Gwmbunen plasSchy charmacterimics

f (u) L’mm—(a) "l','ypenf eemuu (b) Cunml n:unxem
_—(m) Puimatwnmdm;—(a) degree of pulverisation (b) mixing eSce=cy 't} mixig period
(lv) Corrrpm:nonw——(a) 'I&-pe ofcnmpacnun (b) amount of comparsica ¢} Compacsag mousrure content
. . CmnHl) 'I'ype ofcunng ('h) curmg temperarure (¢} perind of coring.

- Dtﬁén, propeme&a.nd performanceol‘ soil-cement mixes are comnlex and hence need thorongh considerazgion.

7 Most'Well known mer.hods for zhe dmg‘n of so'l-camlnnm are :

A
A2 IRE Wy

(i), Bnlul:rTe.rt Mdhad Ttus melhod. speuﬁes thar the designsd s:-il-\:z._ent mix should possessa

: m.xmmum compmnve nrength of 173 kgjm’ at 7 days curing.

"(-“)- <Roriland Cement dssosiation (PCA) Dmglt Method : This method specifies somme tests ta estmate the

. resmlnce to advem weathering conditions. . Accelerated weathering tests have been specified for laboratory

teau_ug The specimens are subjected 1o the prescribed wetdry arnd Ireeze-thaw cycles for studing the

; “’“1“:& .to disiniggration.i in terms of brushing loss. Variaton in volume and moiswre conditions of the

8pecunem are also nconied PCA design method  doesnot include any strength test for u;c mix design.

‘ AqTNS J"ﬂa standardised the wet-dry and Freeze-ihaw tests prescribed by the PCA.

(i) - Bnlm’l Test _mathod for Dat ion of Resistanca“io Immersion in -IVater : In this method the

“F’Pl'“ilve strength nhpemmem of size, 5 cm diameter X 10cm height is determined after 7 days curing
a3 well.as after subjecting the specimens to prolonged soaking. The index of resistance 10 soﬁem.ng due to

) u"ill!lersu:m in water 1: de.termmed for the design of mix.

Illiﬂln Sh-dlrd Methods of Test
Methods ol‘ test t‘m- smbulued soil have been standardised by the Tadian Standards [nstlution.

&

.
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' DETERMINATION OF UNCONFINED COMPRESSIVE STRENGTH OF $D IL CE
s aredds & A B ey dakbbe Al R o '_""‘."'--'-‘JL, 3

Lrment chosen for Isboratory testing may be 5, 8, 10, 12,and 15,

_of watér is added and wetmhixingisHome, */ T,

;:; SOIL-CEMENT MIX DESIGN

,mi.nau'on of Unconfined Compressive Strength of soil-cement .ltgndnrdiuer.l by the ISI imily, -
British test method; The ,\{\{enin'g and Drying and Fre»ezingl and Thawing tests fog- compaceg Soil-ce
mixtures fandardised by theIS! are similar 1o the PCA method and the ASTM standard methady of emen

soil-dement. The ISI has also standardised the Fiexural Strength -c:f toi[-cemem Usng Kimple by v E
. 4 .o L . beam With .

third point loading. . ;

RV

ENT

v

Vil (RO

Apl;lﬂtll‘ an :: 3 NG, o '; i’ Ii T L‘- 7".\”.‘ chinmalygr IR SR
.-+ (a), Cylindrical moulds for preparing specimens of the specified rizes & RS ‘.'
(i) '5 cm dinmeter ¥ 10 cm height for fine grained 'soils containing not less than 90perc;m; ;";';‘ti;'l‘es

passing 2.36 mm sieve,

e o . ; . 5 4 : ' R -.‘ e 5 -’:-'I‘iiAJ.I-, Srwgpeaty o2

l(u) i I_Q,I;.III d.mmete;:x 20 t_:lfn_hmght for medium sgrained ‘aqdls .coumn;ng::x}o‘; less than 90 percen; of

particles passing 20 mn sieve. b et e v vty ik hLAk ‘ ooy
Vet RATIE ERRLRE i AR R MEORICTL R v

: ' X : ‘ : el . ! ot W
1=« (B). Compaction apparayus consisting, of 10 cm,.djameter and 1000 cc capacity ampuld and the hammer
of weight 2.6 kg and height of fall.of 31’ cmangd steel tamping rod,. . e ahaly
. "(c) ' Compression tgaﬁqggpgﬁinp.;ﬁpgcjiy, ; »

I Lt in ,.fr;r-v
proving ring.~. . © | ;
M Rz a0k aaitrGivs N ave gy e n: v d

(8 Other equipment ke ,straight -edge, -for moisture, content
specimens in -constant volume amould and'faf'—eiﬁ:iin'g -:he:speé&h.
specimen is also required. Paraffin-wax.or othet stiitable"Wax for coating

eah | B Y O L |

Arran 'xemen" *nt Hor l’:urmg ‘zthe

“

VrURCH LY pevcny (Y /g

't

e oc e maximum dry dens n'lf-nri Optimum Thoisture content sof soil-cement amixes.
-Hence suitable proportions of cementto be added * a7e’ deGded based oo ‘the soil type.* "Foé ‘example, for a

pl.f'licn'l:r'l:n o, the appm?inéatg ;_i’"*n.ﬁée"hy “weight".of ‘cement srequired 6 ~give .the.desired strength,
coment chomn. o e assification Eroup of the acil, is 3ay 110% by sweight of aeil, o the perseatages of

wsing IS light compaction method. - Cemen; 'is"added ' to " the ‘dry shil, ‘toized and’ then ihereqiired arount
s be compaction: fest'is “barried ‘out lained riment
3, Compaction ter): R s o LCOTORA, Carnied ‘out as‘explained in Experimen
dnerm:;’:‘edf' :! : M-f. ! “mcm' ,f] ennty “And “optimum - moisnire “coritent “for the ssil-cement. “mixes are
Ry ' NI OR AT B A o g e s T e

added 1o bring th ‘conter; ¢ ; P .

g miswl:‘:u::; s :-v‘!u: o3 pereeilt below the réspestive O:M. G The' wei ‘il is
2 vl 5 ir S - S eyt ted ;

distributed throughout 1he soil, 7 ioar o .‘}'ng ,,t vcomamgr for 24 hours to enable the toisture to get iniformly

A Rounathg o s
LAY 0 e ativags  gpls v EEAd

o S ELRLSL LI

£ow by

e SZTU b BUEERTE i o € i i e
s g Percentage of whe dry Weigh of ‘sl is then mived bY
'CENGm:wue,- ; TeMaining 39/, water is added: and mixing continued
25 v raatin ] %’Fﬂﬂepreg:g;gd‘ffm-}m specimens aredivided into 10
constant yq) ﬁlﬂe—mé&ldlfby/pﬂdﬁé the' pision plugs
h 2 compression tesiing machine
- “The specim Den may.also be compacted

i The mqu.i.r!t‘! Amount of cement, 4y
¢ laboratory mixer for abowt | 15 2
for a furll}!:r 8—9 minuqey, The s0il
] 13

qu'ﬂ Parts u.g'ng‘a bal
ou either ends.

to the

onfisthaving. ., xate of train of '1:25 mm/minute and -

itlent for. yring or Curing tin. . .

| v

o Lemoithe plunger into ‘the end of the mould having -
v inserting the'p - Y oadi by ) 0g ‘the smaller diameter
k. ypecimen is teleased. " The specimen may be demoulded

{
Y

. SOIbCEMENT MIx DESICN

' 49
py driving home the end plugs with a hammer. The specimen s dem, 3 .

. han 2ad by pawing pagi] the
sl e d mmediaiely in the cage .
ibijt i sandy soils demoulding may preferably be: dope afiee 1 ¢ el i ol 2am of 2he cobesive

soils e bt e 24 bavry)
L mpn Sk et = }-10 enahble
b .-e?.‘ﬁ‘*_sn‘.’,?“ﬁ,.ﬁ."., ST S p i T R e il i
A tively specimengmay. be compacted.w;i . . 2
s . ~Alternatively:s p with the constant compactive efort by taking soficient

J
f
|

1}

L

|
!

. oil-cement m#x to give a compacted length -of i > i
quanun’of soi ' specmien -of 10.6 to 115 em inthe 4
grained soil and 20.0 to 21.5 em in the case of medium grained soils. “The plag ac e u:i: T.b:::;::; ’
and the fine grained soil-cement specimen is compacted by 15 blows of therammer droppes Preel from a
2 heigh-! of .31 cm. - The mould is inverted, top plug removed, plunger re— and wmmeﬂ o

- 15 blows of the rammer. In the case of medium grained soils 25 blows each of the rammer 212 gjven

_instead of 15 blows:. “The specimen-is demoulded 4s before, = - - s X A

After demoulding, the specimens are coated with paraffin wax ‘or placed in sealed m.n_y, p kesp

the mojstyire content constant.and they .are stored in‘ a:s00m for.a total period of 7 devs a1 vemperarare

“of 274+2°C. ‘After curing, the'spedxdemnmwdghedudm@;ﬁgﬁ:m;ﬁg The Farfpces
before testing. - (Curing of, specimens may be done evea_without =conring “with, waz, bt by kesing ihem
Vi ‘4 Buttid 'chamber]., The specimeéns Curred for. 7 days are’zhen weighed. 2ad eebd in comspremion
Lupachifie 3t & “raté ‘of 1225 rm/mirité dnd’ the maXimum load -is ‘recorded. -After compresion te=: the
moisture content of -each -specimen -is determined from the fragments. “The drydensity of the specimens
: ;‘i?’y be_‘c'a..lﬁ!.llnfeg{or 3;:'?‘.’5':"'3:-5;:z. 4 S e kac * s
i ‘The. test is Tepeated with remaining percentages of cémenr,
Mix Design 3 S ' : st et
. “Bythe British -method of soil-cement ‘mix design, the .aygr_algé w_l_luti -uf w:ﬂﬂgﬂ‘lm
ireported foriedch batch of five or ten spécimens tested with each ‘cement content.” In order 1o determine.
the cement cantentof ‘thé mix which ‘would givé’ an average compressiv. ressive Strength of I7.5 kgfem? graph

is jplotted with cement: content versus' average mmpreéivq'-mmgth,‘"l'le‘émt'wl_h»am ading
: . . . - 2 - TR P S T a1 TS
to this strength value is ‘obtained from the graph. See Figure 9.1, i p Pammgs ©
B [ R E e Y A R o AT AT - s
AT i 1 ey’ ! ! B N I 2o ! ey L ATR Tk =
R i L B T T - |&n : | i il
PO U T T N DU N i
+ o T
i # Sa1d 75 1 %
. ';5. ‘ - .
T L
E 7 1
£ SR i ) B '
K LML ERIATI § - ! . .
birebdaig, ' .:. al B i : - ll. r
i 2 ; 4 / ! g 1 N
- r T ] ks ‘
asgyL s i" N / . 1 ar ;.
’ ] P4 ] - 1
¢ Wl o - Vi - =t i
» 1] o -
) 1t 5 i o o - i R
: ; » B £l Ot sty o T
! i T . 7 [N st P
P e j g P b TS
. : . LBy, o e

Figure 9.1 Soil-Cement Mix Design
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SRR

" reontitiodt or' Whenhetrafie ) 100 imavy, A'higher, éomprrmve slrenglh ot‘zhe mix in the ord Slimg/
3 er

SOIL- CEMENT MTX DESIGN

SpiAd-

#DPAd

hd

RN, YA |
Discimsio’ e |
< A::S:Ep}éri?e s-twngrh of sml-crpunt mxxes equal |o 17.3 kzlcm’ a7 dpyl cunng ia con |

13

L ﬂutf:!:roﬂ"fcr Iig]xl: “and’ mdlum— traffic and qarmll chma.nc condumq a! the UK. For s ndel'Pd oy

Vere

~ 185 kgfenifem® is tonsidervd desirabli. ™ Howevetfor Base coise’ of hxghway Pa;emenu ﬂOfmaly of »,

compressive - sirength ofl7 5 kg/cm3 may - be adequate. A soil-crment ‘mix which has !Emél'eﬂ ven dl»
s, comldgnd © be, cqpahl £-wnhstandmg,uhe wra:hermg effects also la‘ffadol‘llv No sut:ht :1("
. l’!n l

'muml‘o:mxl—umnt.mmdmgn‘ﬁ £t R

i 14

-

iy deeid 4 sl hemies, awibnn 3 6o

234 RO 1-,'1‘ i

(1) -Cylindricak mould. of 1000. ml capn.uly,—anezal rammer oi" weight 2.6 kEr straighie edge ud umph .

Sap e e )

A BRSO S AN L L :
@i;\q_‘l-hermwam'a.l.ly r.ummned- oven, “moisture: ¢hatbet ‘to  inaintdin 25 ig 30‘C and"
mhu;_nidmmnd;grua;hgrhmaubmergecompmdspmem A dd i

Fiers s ol

exrrudér used-in T.5_soil o }:_»mmn test:.
i - NPUTIRESTES

100 peﬂ!w

A
mm ﬂa.t_OA}x m;n Cthick 3 WLre bmtles a.ﬂembled in EfﬂuP!n(‘
nd. 10 bru(les ona 190x6§ mm. hw

* Redtensy gt

b iier pmares-iis :
aclecl upecnmjm,. The, s;ul is. mixed. mthxhe :pemﬁed
T an 4#5; !oxl_u qompucteq in ,1hree equal layersin the mould. wit
'I__nﬂ-!.ﬂ,uqz},_,_. , of, cement of, varying proportions by weight may'
) make upto: OMGC may he taken to prepare’ the mixey)
“"913 ed.  About 100 g of f representative mixture i, taken from
men“'u détermmed TF vaIue- of o oveg dry density of the com]:wmled
E;t\h&'faur “such - 5P?Clm'ns wNt:"T and| 2 re measured to determine the|

. volumeand:the‘y-m.cwcd :
<in-miois 3
SPEmnenmmed-fdrme'nm::m hmber for - seven dayy and againweighed and measured. These W]

Nos. 3 and 4 are also
cured & -l
dmn; Wet—dry tesk._-_ | P ’“E“J'd

the bau:h and the momu-.z co
Specimen are then. ualmlm

a)'l and welghed qnd are subjeﬂed 1o brushmg and losu in weight |

: |

qnd lh ecimens are submerged in I»"’”‘b!l

b el !'II remov d. $ 1 hed and |

SPecimeny are L ed, Specimen' Nos. | and 2 are weig

- l;l 3t Zurn -weighed: ml!n:ii';‘]:’gd ns oven b 70°C for 42ihours and then removed. Specim’ |

srokes eack- on.q). o] ‘ws. .' :Pecunen 3and4 re: welghed and then given two firm |
nh a! fo,-ce of 2 abém 1.4 kg, by holding the brush

PEClmens 18 1o 2!] vertical brush strokes m3Y ¢

each circular Veach cal specimer
m'i‘“ﬁmc;:;i o:he-]'m“ No, 3lnd4 ¥ j{wice and - f0ur stfokes may be required to €0
- re’ re
Afier 12 cycles the.p.q,:m"w "“d d“"‘"S’”‘n “are :.:i::d again aﬁer brushing. ' This P"’"d“
&

oven a: HO"C o €d "for total T2 cyeles of wetting and dﬂ'ng
up:o co'm“'“  weight and then weighed.

S o [

R L -1 éemrﬂt Toss," peﬂ:rm: IOD = % : IR =

'TEREEZ[NGAND THAWING TeST o, : ] -

g'-momure content and voil.ume changes’ dunng the wet-dry tests. Spmmen 4

k-
' | . weighed and given 1o ﬁrm nro s each on

SOIL-CEMEXT MIX DESICN ©

" '. " 7 G s 2 51
c‘lﬂ,hﬁons

The volume chlngec of specimen No. | aad 2 durisg tke crcler 2o caies lazed a5 cages of
Dngma! volume "

The moisture contents.of specimen No. 1 and 2 ar= calczlared é..—.-g-_-,q e 1 of the
.or:gmﬂl oven-dry weight of specimen. prre=atag

... The oven dry, weights of sprcimen No. 3 and 4 ar= correcied for waser 12 Ba od with the
cemem and soil during'ihe 1esv and is obiained from 1he relatios :

. ) Corrected oven-dry weight = —(:{%
where Wa — oven- dry wmght aﬁer drying at 110°C, and

w = percentage of water retained in the specimens.
Soulvcement loss of specimen l\o 3 and 4 is calculated as percentage of e

he specimen as follows :

wheré A Ongmal ca]cula:ed oven-dry weight minus final correcred ovendrywe=gis

B = Original calculated oven-dry weight. .

T “1

adia s

aﬂ;.mm.ah-rmw.p.-.drm-da—of 5mm

freezmg ca ne{ !:apab]e ol’ mamtammg == 23°C is required and
tbu:lc l‘rh pads are needed : ] v s 5 -4

Proeedurt S . ¥
Four !onl-c;mem specimens are prepared as in Werting and Drying test.  After 7 days curing period
in moist chamber, the xpeqmens are placed in carriers over waterssaturared felt pacs and the asexbly is

Placed “‘ fréezinig Cabinet maintained at ‘temperature Dot warmer than — 25°C for 24 bours.  The

. ‘Pe‘“mens are taken out and No. | and 2 sp-cimens are weighed and measured.  The four specimens are

then placed in a-moist chamber roaintained at 25 1o 30°C and 100 percent reladve humidiry for 23 hours.

They are removed and No. ), and 2 specimens are wighed and messured. No. 5 and 4 specimens.are
all areas by the wirescratch brush (as in wetng and -drymg

tes). The brushed specimehs “are weighed and turned end for end before they are placed again on water

saturated pads...The above procedure consising of one cylce: .of freexing and |h:wmg is continued for
-total )2 cycles. . SIS e

)\fu-r 12:cycles of test all the specimens are dried 1o copstant w: ight at 11
the oven-dry weigh: of the specimens.

0°C and weighed to determine

c“"“hﬂoni gl
csml -cement losses due to bru:hmg

The volume and woistre changes of No. | and 2 specimens and b

of No. 8 and 4 specimens are caleulated as for w rlung and Drying tesis. St

R!po" 7
(ests should include the

The report of the durability lests consisiing of the wei-dry and frecze-thaw
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.cement: content; |
i3 :oﬂ-cﬂﬂeﬂf ln.um 12 C)’d"-
BRI E 3

Mix Design.

-3 The-PCA de.ngn methodk oihnxl-cemenr mixes iy based on the renﬂu of wet-dry and l'ree:e-:}uw tesy
The values of maximom volume change,
12 eycl;: of wey-dry and.fr:ﬁzq—!hawl tests are ,noted. for. . ench:“ement.contént-of the- ‘Oﬂ-cemem mlx £ A

cemen: content values are p

T 27 The
=3 c?lérfromds belonging to various clamﬁcanm EW“P’ (By Revised PRA or HRE 20l dmﬁ“ﬁ"“ SYstem)
are g;ven be]aw R N

appmacl:fat:-the desigir of:thickness- 1 requ.u'emenﬂ of  the soil-cement. bue. com Thisis mamly bemnse

unher isper PGAm:x de.ngn criteria. the maximum. allowable vuﬁ[ume cha.nge dunng (h&we'-dry
;mﬂ ﬁ:ezrrhaw cyr.les shouldnm. exceed 2 percent‘ a.nll ma.!nmm water ccment al:muld not exceed the |

* SOIL.CEMENT MIX DESIGN

"OMC. maxmunm dry_density, maximum- chaoges in moisture and volume and
“These “vahues are to be reponed for each of the cement content used,

cement content and soil-cement loss during brushirg d"nng oy

Va Lo Ty
|

lotted against the above values for each mixZ:
PQA criteria for.maxmm allowables brushing “losses during’ the 12 Wet-dry and ﬁ“szh.\,,

r-' 2 Fatoe vt mevn Beiouilog
\a[a:umum brushmg loss

1

- 'Soil groups
A A Aggand Ags.

s, Az_r; Ay and As

s Soil-cement, .beham:pama.ll)rana semnng’ld imatetial. ¥The so‘il—cemem L gene'ramr- provided eqmvalmt

o gnnnlnr.bmmnme-—duaknw T However some - agencies des]

‘rhe thfcldness of a.nu]ar basecourse

-of- pavemenfe for the: prevzdmg- condnmm and - 75 to 80 percenr. of this’ thu:knea‘ s adopted. for the soil |

w

. ~2-—

B I % 1 E Cema:u:nnxm
TIAE AT LAER -rw‘.)L .
- Repm Sm:nn
'C" e ARk S S Er s

Soil-Cemeu Su!nlln.non Elghmq Research Bonrd Bullerin No. 292
B “l?.ﬂf "Lest fo V ‘
Meth Stabilized Soil, B.5; 19241967, British Standards Irstiution. "

" cement base course, The desigh’ criteria. of soil‘cement. xmx.a.dop
s that the behaviour of the material is knnw-n

i qh,}__.u.‘l’f" oasilA sk gy 1(l.|\1

sdm2

Ss::ll l}{gd:amm fur Roa . Engingers, D,SLR; HM.S. o. . Londtm., L5 wailinge
-Ctment.iloadn ‘Coristruction Hand Eook Porlhsz C‘:mmt Aswczauoﬂ ‘C]:ucago USA}

ted may also: be specified in such-cases s I

'._7__ Vohiriinand e i

flr.’l =Lt gl

L et e
TES 2—zsds’ yonn

26
-l A

WS Yl P bvraeem Snathod B

Rzrzmzr:{cm}

A8 P gy

v

- pak by

Bom:ory H’annf Book Pov:land Cmm Auof:m:mn, 40 cago USA.; '
T—D\z Cost Roads and,. sml S:abﬂlzatxon, ECAEF, New Delhi.

——r——————

2.

3. .

+.

I

6.

I
8.
9.
:o,. Specify, the PCA Mix design ‘criteria for soil-cement ?

o 1~

SOIL-CEMENT MIX% DEsicoy
PROBLEMS

What is soil cement ?
bl

What are the uses of soil-cemem-sub;uum,, ;
What are the requirements of designing a soil~cement mix ?

Whar are Ithe commonmethods ot" désigm'ng mil-c'emaé mix ?

What are the effects of cement content on the properties of scil-ceme=: ?
How is the cement requirement found based on compresica xreogrh = ?
;Vhat is the speciﬁea rate of loading in soil-cement specimezs ?

Explah; the ﬁerrling and drying tests 6n soil-cement 'specimm ?

How are freezing and f-.l_mwing tests carried out on solJ-cement ?

What are- di&_-ﬁ:es of sd;il-ce.meuf mix design 2 -

3
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. SOTL-CEMENT. MIX DESIGN -
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3 ) - Maximum drY dﬂlmy Y s i E —~._ i
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x fmwfgm the major part of the pavement structure npd xt is the pﬁ;ne ‘material used in P‘Vémql
ction=— Amﬂ have to primazily bear load stresses occuring .un the ,mad’_ lnd_ runways a.hd_ b
" to resist wear due'to abrasive action of traffic. Aggwgnfa are meﬁ In construction ‘ of Pavemenes g
cement “concete, biruminous construction methods and in water bm;fxd macadam. .Aggrlegatu often ser
* as granular base course underlying the super-ior pavementf. i Thus th-e pmpen}gx of the. 3881'85‘1.: are ¢
. considerable significance to the highway engineers. )

Aggregates which are used in the surface course have to withstand the high magnitude of- laag Strege

and wear and tear due to abrasion. Such a_gérggata should possess sufficiently high sﬁengxh O resistanc

10 crushing.  These aggregates further need to be hard enough Al[o» resist the wear due to abrasive acggy

of traffic.

macadam roads where stones protrude out specially in the monsoon., Jumping of the steel tyred wheels

| , [rom oze stone to another at different levels causes severe impact on the stones. - The resistance-to impact or

! l i t&ughnn'ss is hence another desirable property of aggregates.- The stones should retain the strength and

ol " hardness and should not disintegrare under adversé ‘weather conditions including alternate wet-dry and
freeze-thaw cycles, or in other words.the stones'should have enough du'ral:gilily. ) ' ,

) "_'J.:'lle; specific ggmnﬁ of stones iy considered to be a measure for finding the suitability and strength

fa }:Ear‘éit'm_'ii‘ﬁcs of aggregates, nHigﬁgl:!%?silg;iﬁc gravity, better is the road stone. The presence of air

voids ‘or pares {n stones also may indicate the suitability and strength characteristics of the stones. Mare

the voids, the lesser is the specific gravity and the strength of such stones will_also be lower. In bituminous

road " construction to $ome extent the prTence of pores in aggregates is considered to be good for proper
binding. -y : : : i - i ) \

“The size of the. aggregate is qualified by the size of square sieve‘openiﬁg through which the same may
pas3, and not by the shape. All aggregates which happen 10 fall in 2 particular size range may not have
:Ill:n:.m;o:;eaiit:n:';?mdl;m:mty when " compared Wit.h cubical, auguiar‘of rounded particles of the same

L the vl e ldfd: ]a{gngur:ga;e: should be avoided as far as p.os;iblg as they can bc. crushed :ndzr
workability for the s il ed aggregate may be preferred in cement concrjere mix due to ?:er
are not preferred in gragues b eat paste and nF:g wa.t:r-ceme.nt ratio, whereas rounded particles

i : A% course and water bound macadam ‘construction as the stabiliry due to
struction angular particles are preferred.

interlocking is Jesser i these aggregates; in such con.

Heavy moving loads on the surfa
!_hg- Pavement layers Tesulting in pogsip]
T_'hu €an cause wear op the - pajngs
Pavements. The mypyq) Tubbing 3¢
due 10 trition wag earlier asy
aggregate abrasion oy alone jy n

@ relative movemen; and mutual rubbing of aggregate particles:
of Conta N

me:n: e dggregates termed 23 anrrition and the resistance to Wear
s on test. However this test was dropped later-on and 21

oW consj
un;ndered DECesary to assesy the hardpesy of coarse aggregates.

B = ' . 38

Iﬂl‘l’ﬂdutﬂcn :

e qf Hexible Paveménu may cauée some temporary !jéformzliou of

The aggregates in the pavements are also subjected to impact due to0 the moving wheel loads, Severe |
impact like. hammering is quite common when heavily loaded steel tyred vehicles move on watepbound |

P Tt
' Sirength

TESTS ON ROAD AGGREGATES 5

. i ',ggale:'-l 1o'1bill{ﬁin°“i binders n an i.t.npomm Property saly for the biwuminogs
'.,__LTK_EBM7;;;igbilhminbus binder does not have affinity to the aggregates (hen siipping s likely 1o

| pavements:

L/

occur- o 2L prc;peﬂ-iﬂ of the aggregates may be summarised as follows :
The . & o 24 —
.. . ce to-crushing urstrmglh _ o ) : |
B , =
N (u)) Rui.ﬁ_anu to impact or toughness: BRI . . i _ : i
E‘-“) [tipery ;hape factors to avoid too flaky and elongated particles of coarse 2ggregates
1V Gwd

oy e to weathering or soundness - N N

(v?);«’ggggdnzmoﬁ-vmh bituminous materials in presence of water or less stripping.

vi I e : : o

B e A epend on type of pavement conswruction, weSic and climzgc

T red properties of aggregates depe e :

: :Z:‘qill.ﬂr: above mentioned properties need "not necessarily be possessed by aggrege gates for 2
‘:,'?;’,‘J,r.l.’?];l;‘c;ns}&ui’éﬁo; Eb-gineer-iﬁ;charge will use - his discretion in deciding the T flacive imporaace of
particular construction.,, Baginee e E e mpre

these properdes. . .- L

3, = S e Lo o Eeor e .
"\~ Tests which are generally carried out for judging the:su!mbﬂxgy of stone aggregares are list=d below :

b e T .

|
Aggre.ga:e crushing test ' g S . 5 }
Hardness & - . |
. _u(a) Los .;ﬂu;géles, abrasi.gn test- (b) Deval abrasion test (c; Dorry a.l?ra;wu rest
" Toughness ‘ : ]
.. Aggregate impact fest N

& Ey RO NAT

P T SR LS S

Durability . .
- Suuudnesl: gcs}—;accélaraled durability tests -
. Shape factors

" Shape tesls -

Specific -gravity wand Porostty .
Specific gtavity'res and Water absorprion rest
. Adkesion of bxmmm ; '
- Striping value of aggregat; : ) ] .
: ) : . . 0.
- St‘nndard Zests commonly performed have been discussed in the subsequent poruo
Y . i %

s of the aggregate in the granular base course of fexible .

L IR

: * PROBLEMS

-What are 1he desirable properties-of Toad aggregstes in general ? .
: PR Y e s in
What are ¢pe different rests fof judging the suitability of sggregates for use

;

o

(a) Sement concrete pavements
(b) W.BM. consmraction

{c) bitum;nous pavements

(d) Eranular-base course of a fexible pavement.

e — ____—
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. inserted for hftmg or ‘placing t.he ﬂunger in the cyh.nder. :

Test

i

Aggmgﬂt&v (.“mshmg Valu.ﬁ

o P i ;mt- g5 .

Facnstroction: and” (ij'adéquate” resistance- to’ surface abrision-indery E:“:‘::

S m:-amd:rn'gili Wtu'rlm-lﬂf ﬁnvﬂy- loaded.' animat-drawn’ Vl!h!l‘.lélm b:lg‘h:‘enough m :onlldgr
J aggmgare:as anmt:zl req!memeutm Indu.=

"‘}‘ -7 it

theremlr: ot n qu‘l‘_ AT S

o 'égg-mgnu used. in rc;dAconmuCtan. should be ‘strong- enough'to resist ¢rushing undEr tmﬁic wheel
loads. .- Ifthe- geregates are weak, , the stability of the; pavement structure_is likely to be-adversely ‘affecre, z
The strengihiof coarse aggregates is assessed by aggregates crushing test. The' aggregate crushing value
provides a !relative measure of reslstance 1o crushmg !mder a gradually 2 applied compressive load: ! T,

achieve a lngh qunhry of -pavément; aggregate possessmg Tow: aggregate c:usl:mg value should be preferred,

Appmt\u » 30
'I'he apparatus for r.he stzndard aggregate crusing test consists of the folluwmg - Lisa

4

(i) * Steel cyl.mder with open endj and internal dumeler 15 2 cm, square base plare, plunger havmg‘
a piston of diameter 15 cm, with a hole prmuded across.the- stem : of Lhe plungerso that.a rod could. be

(u) Cylindrical measure havmg internal diameter of 11.5 cm aud he:ght 18 em. ) :
(m) Steel tamping rud with one rounded :-.nd havinga d_{ameter of | 6 cm a.nd length 45 to 50 cm.
(w) Balanoe of :apauty 3 kg with accumcy upto 1 g.

K Cﬂmpmm ml!gmadune capable of npplymg load. of 40 mnna, ata umform rate of loadmg

of 4 mnnupermut.e. :
F1gu.zfe 101 shows tl?e aggregate cnuhmg test apparatus. - AT * T e
- : L“?” TN . i
- t b R EAR TR .
A : THie -
u'g Mgt T @E L R e s = oo )
7 RN RN : 1" L
ém ER N MR S
o o OtA.
Saase by ayy S = e l Ul ,
e, T sy clee.l.rumus ) )
Figure 10.1" Aggregare’ Crustn.n&'l‘e:: A—PPa-l'itux P /

50

— ‘at ‘ gempe.flm
e

A A
— AGGREGATE CRUSHING VALUE Tezt

L ader T i - ) &l
! m-mﬁ“‘i’"‘““ l25mm18nmudm;dmlomfs

regate shinld be'in’ surface-dry condition before testng. The
ture 100'(11011&'0!1 z—permd of 4 hours and it 3

miﬁmbw_
Al being e gy o -
:mwf”‘“"

& eylindrical measare is ﬁlﬁd"ﬂ"he 'ﬂtmi msmm o
Ife::hlﬂm’bemgmp'dzs times-bythe- mnddmdti.dew ABor heciias -~y
“mped. the ,Mtaal:dump of the - cylindrical’ measure is hdld‘osﬁq&mqﬁ-‘
raightedge.) About:6.5 kg~ of aggregate is required for preparing two 2t Ammmles. (The 2w sacmmip iy
y ak en is then mghgd.»)'rhe same wughtof “the sample is raken in the repear tu_

QThe cylmder “of the test appararus is placed in pos]mn on the base plare; mr':zl Ee—
is placed in this cylinder and tamped 25 times by the tamping rod. ﬁuﬂ.hriv,.tbg her two —L'ﬁcr:‘e
test specimen are added each layer being subjened to 25-blows. The total mdm materia i e

cylinder after +imping “$hall*however be 10 cm. 'I'he surface of the aggregatesis levelled and the pizge
mserted <5 that it resis on this surface in level | posauon. The cylinder with the tLu.n:apla and the pipe:
in - punuon is placed on compresnon testing machmv.- Load is then applied | through the Pmrm xza
uniform, ‘Tate “of 4 tonnes per minute untl the total load is 20 tonnes, and' thea the load is relsased.
~Aggregates including the crushed pnmon are re.maved fmm the cylinder a.m:l sevedona 238 L 256 o Sseve,
. “The material which passes this sieve is collected. )
" 'The above mxshmg test is repeated on second sample of .the same weight in accordance with above
Thus’{ Wo lests are made for lhe same specimen for taking an average value.

test pmcedure

Galcu.l.ntmn ]
Toral we!ght of dry !a-mple taken = W1 g. Weight of the portion of crushed marerial passng 2.36 om
’ IS sieve = Wag. v - s
The': aggregn:e crushmg value is deﬁ.nen as a rauo of the weight of fines pasing Lb; S T
. to the total weight of the sample expresaed as a pe:c:nge The value is usuzJIy recol
demmal lace.

specified IS seve

100 Wz
Wi

Aggregate c_ruSh'mgI value =

) REI“.[“ 13285 -

} ing vahue.
ed a3 th =_gg|-egste crushing
Ihe mean of the crush\ng value obrained in the two tests is report *

' D‘tel'mlnatlnn of Ten Percent Fines Value -
aggregaes

. The ¢ ten percent fines’ value is a measure of resistance of the hing test. The tes sample in the eylinder

and m&tenah used are the same as for the standard aggregate ch::e- The load is applied 48 2 ma:
with the Plunger in posmon is piaccd in the compression testing m:u mm for pormal crushed aggregs‘e’

‘ rate so as to Cnlue a ‘fotal Penemmn of the plunger of aboi 2

otal peneuatiod
d md to cause 3 wotal
10 mlnute: But f5r rounded or pamlllY rounded :ggresa:e: kl::xl;:nded shales orslags that fora
gregme 1

ched, the
of 15 mm iy apphed where as for honeycombed 28 imum specified penerratio s rea .
Penetration of 24 mm is° applled in’ 10 minutes. After the m::on al
load is released and the aggresam from the cylinder is sieV f the test sample: This per'
this sieve i welghed arid is expressed asa percenlage by Welgf;:ormge the test is repe
falls in the range of 7.5 10 12.5; but if it does not fall in this
adjustment of 1he load.

{be crushing. The apparaim

_—4
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By AGGREGATL CRUSHING VALUL TEST
are carried out at the load (x tonnes) \\'?ﬂph give, the pereentngo fines between 7.5 ang
and ;:l“;‘l‘\:e:\;l’ un bf the ‘p'er'c!’lll‘ﬁnu‘he,\y‘ ‘{c:!- ﬂlau\nung‘ tha lond \t‘ag.gi_.reg‘for 10, percent fney, ,, 123

- e

poird vl b ot e B b Bk o WA TN G
et Laad Ford0 paroust Snetsst £ RS NN
Dlscaatien o . i iy o por i od LR ¢ 103 0308 Lt oy g0

In general, Jarge size of aggregates uted in the.test results 'in higher dggregatos crushing value. 'y,
relationship berween the aggregate gizes and . the crushing values . will - however .vary. with. the
specimens tested.  When pon-nandard sizes of aggregates, are, used for the crushing test, (i.e, ¥pgregay,
tger Bas 195 i o m!il;r,h% 10 mm) the size of the cylinder, quasgty of materia] for prepararjy,
of specimen size of IS sieve for separating fines ‘and the amount and rate of compaction shall be adopted
givenin Table 10,1, 4 o0 csvo oo hediie) b 362 . s o

.

- “o1 TULTABLE J.1 T U ; AT
" RSy woll P9 nl gaias i el il A2 e D e
‘Details for Ag‘gr‘egn:e_ Crnsh'inl};'ze:tw:nth I_ngft.l;_:l!fﬂ!_. ;5‘.:!:_-13“0[‘ Agpregates

STCESI I YIRS R

T L P N I S

Aggregate lLize' R

| W' l=e & () oy
Lo i gk s | bR
_| Diameter of ]LQuanm)' of material and

Passing sieve | Remined on'| ‘c¥linder-10"! “preparation of test brstedy Oy
o g cofbewsediamt s ampler s i fsrine
size, mm ‘sleve sze,mm’ L Rai s oln us Dot LR e |
25: - ~.-2-'0 15 ORI iy oY)
= lmdgys Tyrs Bt S he v s g ks wEnn ot ana ;o
T T Meendand = eSidard meilied FSandardloading 475 mm
©Y T Teylindery s < e T o 0t 7 " Standard loading * - 3.35 mm
T - - 193 oy Standard method S, AR
Aoy V3 s et pe. Metal measure S'em dia :Rate of ldading ore - e e

& 9 cm height tamping ‘tonne per min, upto

I 6.3 1.5 . 7od 8mm dia 30cm long - ctoal Jload of 10. 1,70 mm
S A g 4 '-d_ev‘plh'éfma'leﬁal in 75 ~tonnes, 3 i o . o iy ;
N A ¥ <0y iy cylinder dfter famp- G Al v T N i
- smgSem~ .- ., T R s
6.3 L E AR s Sy Carh 118 mm
475 335 13 at above 850 microns ;
3.33 : 236 7.5 as above -, .-~ .'600 pnicrons
= *Standard l:ylindnugivm-iaﬁgm 10.1. Toa o T ‘

“*Swodard methed of preparing sample as given in procedure. - i x '
+Stasdard loading as yiven i
R Sre-by bl At Mw&-{“jﬂ‘!‘f. sl egnieian

e et wnimy L T i epeated using  the same agerepae. i
nk;e-the Sume weight of sample.- This 35 because is necessary to ki’;e'eb '
specimens i the ageregate —erushing mould constant “wh o
2 B b ol ISRk () g S SRS mple st e
! oDs) : 3 -] 3 Y of test 1 i i t, the yolu
i b e g g i Roadis 8 o < \C5L S4mple 1o be'taken is speci ied by weight, th
aggregates. , - RS abosie
W hﬂi AEETCRA1ES are no lﬂﬂlb!ef:':mh’i;ag srength tes may be ‘ carried .:;u:.u;: C)'hﬂ‘mul specize?
Prepared out of rock sample py drilling, Rwing an: g'rinding. The specimen m‘ay be subjected to a slowly

".Qrﬁiﬂé i-nd,]:eigpr of the test

g on the variation in soes Fhnty
PERPE2A the variadon in specifc raviy and s
- : s = Sy g

e W

when testing any aggregare sample so that thelest

_ and r:hlp_e_ flmﬁ_ef&;‘ﬁ'er!!ﬂ.'- .

———

AGGREGATE CRusymye VALUR 1oy

, load uniil failure (o fin "
{ncronsing compressive dthe crubiny |, ,
':Ij:m carried out due to dificulty in Preparing ’P'dmcuu: acx T a ipe=a | A— vy
o the-aggregate-crushing test is simple, ¥apid and giyey fairky i - T Tn

sty Py
Applications. of Aggregate Crashing Tesr
.The aggregate crushing value isan indirect measyre of Crushing T

aggregate crushing value indicates srong aggregaey oy — “"”*;b‘fﬂ:“z:—m: Lom

used to assess the suitability of aggregates with reference 1o the crye
pavement components. - The aggregares used for the syrfyce course of pay
to withstand the high stresses due fa :whtel loads, including she gpe

v ol b L U7 of mgdpd N
However as the stresses at the base and sub-base courses are low, e wid ‘;*-- Sty

may be med‘,:}s‘tgi"loyﬁg_'la’ye!‘s of the *pavemen;,

aggregares used for Cement concrste pavement a1 suiface should not
"+ used for concrete prher.than for'wearing surfaces, the 3ggTegate crushing valve gha ] aoy
--according to the: ISS, Honu_rer aggregate crushing values

=TT

(hac the aggregate crosing vy oy
— 2 e * Same
exceed 20 serpeny

" Indian Roads’ Congress and ISI have speci.éed

T ey
X0 2D e
bave not been Decided b7 the 20 7 o

2 k3 L R i )
.~ 'aggregates to bé u:gc{‘ in bituminous pavement construction methods.

L.

g

nstitution,

REFERENCES

Methods for. S:ampling and Testing of Mineral Aggregates, Sand-.'.
Institution. | i
Indian S:anard' Methods of Test for

2nd Fillers 35 312, Snzs Smemes

Aggregate for Concrete, IS: 285 Dar IV, Jedies Sreems:

1y .
-Indian Standard Specification for Coarse and Fine Aggregates from Narural Soarces for cazcress.

- IS : 383 Indian Standards Institution.

Standard 'Speciﬁcarion and Céde of Practice for Construction of Concrets Reads. IRC : i3, [870,
Indian Roads Congress.
Bituminous Materjals in Road Construction, D.§.LR., HM.S.0.. London.

PROBLEMS

S, . . e ) v is the test not
+ How iy the crushing strength test carried out.on cylindrical stone specimen? Why is

carried out commonly ?

Explain aggregate crushing value. How would you #xpress it 2

Briefly explain the aggregate crushing value test procedure, ing value of
What is the specified standard size of aggregates ? How is the aggrmsate .

dze aggregate evaluated ? .
Aggregate crﬁshing value of material A is 40 and that of B s 25.
What are the applications of aggregate crushing test ? ;
Whar are the recommended, maximum v.;]ue,-oi' aggregate crushing va
in base and surface courses of cement concrete ? ‘

3
. ing test ]
What are the uses and applications of the aggreqate crushing

pon=standard

7‘-\’h.ich one is better and why ?

d
lue for the aggregates be use
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Z : b e = \
_ ... -AGGREGATE.CRUSHING:VALUEZTEST
& \ ot e ,‘.':_;_,';'.A«. el sulmmegaig g ot '. » ' 2% Bl "
i o 15qaan D vRes TR 0n Buh sag fes S : :
- : "-r)‘l\wwﬂ‘ﬂ‘—*"'f“‘ 'f" ERR S 0 redsues
ot Mn"'g:m: W 39200 205 8507 T8 el bor
5 P& vl SR ol b sidas H
: e e i Abrasion Test
2 Cpan Jis st -':1 1 1R = = -
Due to the movement of umﬁic, thg road stones used in the mx*'.a:;._,; cowme Bee ::—.:—._-: p—
,cdo';ﬂ? wprs’RmtmﬂeJto _wear or hardness is hence an esential prope—r i ﬂd__—l-;.tmz_
- axpecially_when’ md “in’ wgarmg course. Thus road mones should be bard eomcrt & r=x 2 aase
especially when WS8Z 0=
dJue to the traffic. When fasLmovmg traffic fined with pneumatc ryres move oo = rm2, 1o o parices
due o the wralffc.
present betwée the wheel and mad surface causes abrasion on the road sooe. Sisl = =i i
; A - .vehicles wh:c ru'BP_agamsl the stunas ‘can cause considerabie abrasion of the Roo=s oz = roac r=he
Num be.r s {Pmmg2 36 mm, IS vera.ge :glgl:eegﬂte " " Hence' in ‘order 1o Trest; the ! ‘:aluhry o" toad stones to resisc the abracding acios dos wmzss =y
Yok Sieve, Wg . WA Ay Eragge F ; carried out m the bburt\!:tory /
: } R P T g 5 L : Abramnntesls on aggregat 3 geuerall\' carri=d out by any one of ta= followizg =emads:
1 & BN Siem T X : : : eI
& . (] = 22d8)iezrzml 52 ( iy N b A 5.5 (1) LosAngelgs abxa.uonter.
j = =y — ' \(u) :Peva] abrasxontesr“ %
; 7 h) \Doﬂ? abrasion test - -
| ~' . of LbESE (CS‘.S, lhe Los. Angales abrasmn tes: js more commonly adopred 25 e 1= valzes of agegE
! | have been,. Oorrilated with ‘per formance of stadies. The ISI has soggesiad tha: waerever possok, la -
_ I Rl _ : -Angeles abrasmn test shoula be preferred LA 3 x
o e == ot = . o 5 ¥ st P R T S T TR wrn s chi
weile r . B Y D R vy oy I g @ﬂdmon“m the above abrasion [sts, anothu' test which is carried out to test (b EXER ms:ut;m.
! b2k WeEiD) o pobireass S A e ; R aggregates in the w surface get pohsh d under waffic, i «Polished Siani Fauze T ples of
e t s A £ 20T EsRerdT N khiTX PGh . D THGnT S earing ! ce, get, ¥
5 ; | geregate cru.shng value = * percent ooty "'t_ f?" & . aggregates are’ subjecied to an. acceleraterl polishing test in a machine and 2 fricaca te5 & circed om;:
& | Yoeebint ey - e 1 Lo theé polished fPe':lmen The results of this test are useful only for comparative purposs and specificad
¥ A R SR T i EC BT -
Remarks : ; " 24 biina "Yfl 1‘ Vﬂllﬂ?ﬂle_ — :
Fllaasnd tok PaE0sY 2koe aNcELEs ABRASION TEST . i
ORI 3G gy Sty mL f . o : i Pnl'ﬂlnct“,n'iu '- 87 2 Beu q ] | - - 1 )
i Ve omrn s i 8020k 881 % on . CRIEEER ) the re relagve rubbing
A : Ao I;C;The Pringiple . of LOS' AXF’es abrasion test is 1o fiad tl-*»‘P"'““mge e du;:n of these ballsalso®’
e , i
* MO oY Wiing g it uu:n Bevween, a‘}‘e lgsresues, eel bnlls i.ued as abrasive chArge; wundmie endable &s Tubbing and
- Fronby AT e ‘” parggigon Al po Mma'““duc“ng ﬂ‘%‘“l Some' m"ﬁu&‘w"’ s belleve this test ©© Mmo:curp Los Aageles abrasion
T A SRS sigga g . l- 2 _--'L:‘mn-j.-,‘,q—j %37 54 Al yid T . s tatn.::g action simulate the Beld conditions where both abrasion and lmPIlSC; . Wnru
‘ - “Blsanyse b s L b R ,been u“dudmd by the ASTM, “AASHO and o by the mﬁuﬂﬂ“ﬂmm :
CENTSC & 20w amy; i1 ; e ga'l?ﬂ’h“’l““ Values ar are alsd available for various tYPE‘dP“"m'm b
= Coa 8% gu ;;._". Y e . LR e 45 e "A 1ol gger o sere o gml
4 : AV . i S St g ] N ml’lt‘zl “‘ [ w ﬂ:‘.‘) R A N - __..-
1é e <|’h . / . ‘Thg ap . i r
B ENRAS S rmamg h:r. Wiy ie g s el 1 P‘“llﬂfbumim of Los Angelumchmc and mvﬂ 4 paviag 3 mdzdﬂ“"“
v LT b 0 or T 70 unm Aageles machine consists of a hbllow steel -cylinder, lowd 2. w}?::it ;'out!lm 'ww
VET L g A 3
Porggge SNt - and an mllﬂe ]engghnf 50:!:. mounted on stub shafes about Wil
i ) : ¢ s I I " A 4 2 '65 - -
Rt : _ o Tl . PR T
- e - - . e - —— -
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et g P : : Ly e ST 08 ANGELES ABRASION TEST . -

4
- 1 A
3 i “et : ! AR P TTE ~aaa il
; - ,Bmas]mﬁ'rﬂsn} o S e © o ff wes :
iy LOS” ANGELES AFF PR : : ! - : - TABLE 1.
g R Tt e o tesr samplen- A removable-cover of the LR ’ T 111
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C°“““'~‘°“-'1‘I on the disc’ of the- -machine - _which is rotat®
speumena are tested nmuluneouuly ad wei ghed.
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“The aggregate abrasion valué by :]ns testas (Bund 10 var("“fr&.r':ﬁ b!]\':\i.‘ ¥ 'l’owmme .Fhms to oyer.13 for
aggrega.tes which may normal]\ ‘be regarded as too soft for use in wea.nng course of pavements, T_he
aggregnm “abrésion’ value-of /Granites ;are found - m ,.Yery b bexween 3 and 9 where as those of Basala vary
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AGGREGATL ABRASION VALUE F¥ BtTisy 1per
PROELEMS

A

Why is Los Angelal sbrasion test considered superior 1o ather 1oy o £od G

L
How is Los Angcl , abrasion value expressed ?
The abrasion value found [rom Los Angeles text for agzregaes A and Bae 55 i 35

Which aggregate is harder > 'Why? For what type of coo A 3
Briefly expliin the Los Angeles abrasion test procedure.

What are the dmnbie limits of Los Angeles Abrasion values Med for &5

=T d pavene-
surfacings ?

Explain when the 1est carried out in Deval's machine is called an siresm o pes—

Give the steps for Deval abrasion test. : ) -

; How is the abrasion ;ralﬁe expressed after tesung the aggregates in Deval's maci—s

Explain briefly how the British (Dorry) aggregate abrasion value i foung.
Discuss the :igni.éc;noe of sand used in the Dorry aggregate abrasion test

How is British (Dorry] ‘aggregate abrasion value epxressed > Two mareriak bave airzse vaier ©
and 10 relpecuve]y Which one is barder and why ?
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LOS A.NGEI.EI ABR}HON Tm \
S 5 — ,,.l- P i S S : R
(i) Type of aggmgate = : : =
(i) Grading ) = D e vasliy AR
used ‘:;_ T

(i) | Number, of spheres U
(iv) Weight of -charge:-
) Number of revelutions Bs

e ey’

V1.  Weight of spem.men =W g ;
! S5 S PRETMNE S MRIER T e ol

2. Weight of spemmen af:er abraston test, coarser -
than 1.70 mm IS sieve = ng :

; . W,
3. DPercentagé wear = mlv-v—')- 100

-Abrasion -g;lue

 DEVAL" ABRASION TEST

() Type's ausmate 1
(nJ Pm:ent crushed ragmam;

(i) Gﬂd.mg ‘of " zample v=

(iv) Spedific: gravuy of. the sample =

Oﬂzmﬂ-l wughtohhe sample = Wy g

nght of material retained on L .7 mm IS sieve after abrasion
test =Wz g .

P‘lm‘& wear- =(ﬁ‘%ﬂ 100
1

Remarks-

¥ “'w.
gl s h’sms,sm;u B gt it e

: 1
bk i |
F: ABRASION TESTS |
r ; ’ it ;
MT o
nnl-nsﬂ (Domw) ABRASION TEST ON 4 -
- Type of aggregate np;cimen = .
< s oo [ . i Tl Nemom
l ! E 3
Ongmal w-gﬁt of aggrega\:e = W1 g I
Wp_i,gh: of worn nggregue after abras:onr test = “= 3 . !
; I.oﬂ in wefgh't—due abrnsnon = (W;_ — wg) g siech ‘
oy IS v i3 o . ) !‘
'

‘v(“__l_—lv-.l 100 pmem
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balance and oven. ;

.. long, rounded at one end.

s To.e) TOVEIRTTE
S & . X

—- - = Aggregate:
X j 205 TRIC MUIA SUL TR H.

e e e e e e e e L L i X
. Toughnes. i e:‘p:np_eiw_qf_ 3 material to resist impact. Due to traffic loads, the road e

subjected 10 the pounding action or impact and there is possibility of ‘stones breaking. into :;am
The road stones-should -therefore. be. tough enough_to resist fracture under impact. A tegt dls:'ga_ed‘m
evaluate the lou;l;nes of stones i.e.; the rmsmnm of the stones to fracture under lﬁPf(aJted ;,},5# F.“‘_-m-iy‘b',

called an impact test for road swones.

]

7 Il o A R AT I
Impact .tex may either be: carried outon cylindrial scone specimens as in Page Jmpact tese or g ttoge

aggregates as in Aggregate Impact tesc. - The Page Impact test is not carried out:now-a:days . and .hay 4

been omited fom the revised British Standards for testing tnineral aggregates. The Aggregate Impact
has been standardised by the British Standards Tnsirution and the India Standards Tastitution. = ..
" . The aggregate impact value indicates a relative ﬁ:c:a'sure;oi m:fn'a‘utaﬁoe of an aggregate g; a auddgln
shock or an impact, .which in some aggregates differs from its resistance to a slow compressive load, The
method of test covers the procedure for derermining (e aggregate impact value of coarse aggregates, . .

Apparatus ‘ B 3 m=emlln nes
The apparatus of an impact testing machine, a cylindrical mgz.su.ie,' tamping rod, IS sieves,

- (a} Impqzl testing mackine :, The machine consisis of a metal base with 2 plane lower surface.supported
well on 2 firm flcor, without rocking. A detachable. cylindrical steel cup of internal diameter 10.2 cm and
depth 5 cm is rigidly fastened centrally to the base plate. A metal hammer 6f weight berween 13.5 and
14.0 kg having the lower end cylindrical in shape, 10 cm in diameter and -5 cm long, with 2 mm chamfer
at"the lower edge is capalieuff sliding freely between vertical guides, and fall concentric over the cup.
Ther-e 18 am arrangement for raiting the hammer and allowing it to fall freely between vertical guides from
» height of 38 cm on the tesr sample in‘the cup, the height of fall being adjustable upto 0.5 cm. A keyis
provided for sapporting the hammer while fastening or removing the cup. ‘Refer Figure 12.1. .

5) Measare : A S )
(8)  Measwre: A cylindrical metal measure having internal diameter 7.5 cm and depth 5 cm for

measuring aggregates. i -
B r‘) Tampi v L : . - e 3
[ Sampigrod 2 A swaight meral tampmg rod of circular cross section, | cm in diameter and 23 ¢2
(d) Sime: 1S foos | : e
) Bdm i eve of sizes 12.5 mm, 10 mm and 2.36 mm for sieving the aggregates.
0} s 4 alance of capadity oot less than 500 g to weigh accurate upto 0.1 g.
em - A thermonarically conproll :

berween 100°C and | jgeg,
Pl‘ﬁ:edi;‘
Ple consists of 5 2 ‘
TS Pasing 12,5 ma sieve-and rerined on 10 mm sieve aod dried
B 7 - . :

led drying oven ca:pﬂble of maintaining constant remperatur®

. and‘allowed to (all freely on the aggregates, The test sample is subjecte

I:‘ig‘ﬁ‘.re 19.1 ' Aggregate Tmpact Testng Machine

TIN it RSB T WA - s . R

an aven for four hours at a temperature 100°C to 110°C and cooled. Tes aggregates are flled 25w abont
one-third . full -in the cy,b.udncal measure and tamped 23 times with rounded ead of u:e ::m.png od
Forther quantity of aggregates is then added upto about two-third full ia the cylinder and 25 sokss of e
tamping, rod are given. The measure is now filled with the aggregates to over dow, nmpfd?jnmu
The surplus aggregates, are struck off using the tamping rod as straight edge. The nec wag_b: of the
aggregates..in. the ._hiﬁa_tjm'é “is" determined to the nearest gram and this weight of the aggregates # “"d;’:
carrying Gut.dlzxp\;_é,a;e“t-_cl_st: o_r.l-t.ﬁe same :ﬁa‘ter-ia.l. _ The impact machine is placed “’“h s C?_“Dm p::eh:
ou the floor sothat the h:.u;lmeg guide colu.mna are vertical. The cup s fixed ﬁmlyin ponﬂaﬂ:ﬂmrl il
of the makkine and the whole of: ;he; test sample from the cylindrical measure is transferred to the

compacted by tamping with 25 strokes.

L thea gares in the cup,
‘The hammer is raised ungl its lqwer face is 38 cm above the upper :m:i:fal :f md blows, each

) . = Th to

- from

i ggregate is then removed
being delivered at an interval of not less than one second. The t:rush’d,;l ?mxe:mounl pases. The
the up and the whole of it sieved on the 2.36 mm sieve untl .00 fl:lﬂhe’ ?g:‘:ﬁon be sieve s 110 weighed
r""'“_"“ Pasting the sieve is weighed accurate fo 0.1 g. The fraction ml,;:d it should ot be 1% e
and il the tota} weight of the fractions passing and retaind on the sieve 13 adde s dhan che ariginal bY

STiginal weight of ‘the- specimen by more than ons gram; if the toual werk -
OVET One gran chy v S test made.

TS Rram ‘hﬁl result sHould be discarded and a fresh. test 3

The above test is repeared on fresh aggregate sample-
Calealation |

The 200y,
Welght of

the

|
formed in rerms of the totd

R TP TR U the fines
BE¥egate impact. value is expressed a3 the percentage o 10
the sam ’
1€ sample, 1 of fract
Let SHE o .~ d the weight ©
IS sieys L2 original weight of the oven dry sample be Wi g 20
X 5

. a6 mBP
jon passing 2]

Ve be w, g

‘
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tbi js emwred by taking the specimen in the !ﬁenurinq cylinder in'the specifiod mahneét by tamping in

. L)

-— ] T ™ 1.h \‘.l‘ll"; y
" " AGGREGATE IMPACT TEST,

Aggregare impact value = 10&’\:11 percen:.“ ‘ 7 -'i Ex

This is recorded correct (0 the firn deciron,] place,
Results ' e h n

" The miean of the two resulu is reported as the a
whole number.

TR -
gregate impact. value of the specimen 1o the neare,
‘ H t

T

Aggregate impact value is used to Classify the nﬁﬁel il; reipé:t of their }.oughneﬁ! pmpenyl as indicareq
below : . Ya &
Agprepale impact palues . 't ' I

< 10%. Exceptionally ltrnll:ég'- 10—209;, Strong,
10 — 30% Satidfactory for road surfacting ; > 359, Weak for road surfacing
Discussion Y <2 : ‘

_ Chief advanuage of aggregate impact test i5.thaf the tes equipment and the test procedure ure quite
simple 2nd §t dewermines the-resinance to impact ;of sones simulaging Beld condition. The test can he
performed in » short time even a1 construction site or’ at stone guarry,'as the apparatus fa simple and
Pﬁﬂlb]e. e 4l e T i 'l"_ LT TP B o 5 T .r":t ,- e ‘,.‘. y X
- T T e P YN 2 bt 4:"; b l PN o iy Um0 1
+ Well shaped cubjcal Jlones | pr vide higher ‘resistance'to “jmpact whén' compared with flaky ‘and
clonguwec  proney. ’ LRI i o R i

£ DX Ay WernunTgL [

Py} BV w

#ih.a [ :

It is emental that 1he firm

/ e Ve kel ow e otsikary ad'l  piden A__"‘.‘ i .
specimen 10, be tegted from each nmple‘ofl aggregate i equal in volume!
three Juyen, Jf gl ghy tent wpecimens o ll)é’y'jeil‘g':i_,i'ln tho aggregale Jmpact {éiting mould'are of equal
velume, the height of thes specimens will'also be equil and “hiénce tho beight of fall of the imipact rammer
on. the specimens will b equal. On. the o:h’él'-'f‘ﬁ'urid.vll"e‘qﬁﬂr weightbf differehtdggregate samples are
wken, their volume and height “miy’ Viry' depdnding upori the ‘speclfic’ gravity: of the aggregates and
their shepe fucrors, ‘ Lo e €8 daier snidsioy v e
LR PLE TR ¥ ) eriir 4d 7 i o oy 1 z, _. ¢ t
There: i8 np definiip rekron why the specified r.iu'bf“_iﬁmi‘chiﬁh‘dr':hhf'b‘lam of the impac| pammes
should b meinrained. SRS SR L LRI :

| vaaprag wne silr gl g oo e
¥

baguesid ey IHT SR TR

Appl‘lﬂu’;tln?-]"fl‘ A,ﬁ-ﬁhu Imipaot Vudwe 0 0 a0 adi g g
a1 po | 2

[oazbwe een Lo (et
11 The aggreguia 'FY!P;'CQ lﬂl.!l;i,{:‘&;éi!i"rf;d 10 bo i Jmportant tnd 1o aksén the siliabiley of ‘hggregaies
segurds thaaoughoes for ups in pavemony Eopﬂrumjc;ﬂ, ' 15" Ve’ Beert Totind thidd '£# milifordty of nz&r"ﬂ""‘"'
the aggreguie ervthing and uggregare impag vaduos nru‘l;un;ﬁIZaii'y nfiﬂ“iafﬁrftﬂi‘ﬁ close Limiiis, ' But In il
cou of finw graiued bighly siliceous aggregate which arn luse. reslscani i Jcapaet o o erushiv 1
wguregate fmpact values wre higher (on tho sveruge, by abont 3) thin'the igrighie crushing values

PRIV EPIF S R YOS

; Y I |
Venis wpencirs have specllied she muximum permimible agreyaie imphcr values for Ui e
vrpen of pavermens, vhiae vocormmenided by thie Jndiafl Roadv congress inre givon in Tablo 121,

' phoit ld it

Fn duciding o) sualdlyy of mify sggregaten in bawn courss construciion, thin test has beon cam? :n:

uind, ’; wodied lmpuct vom 1wl ofien carried ony i the case of soft RERTEEALE ‘o‘{mfl_ ‘.I"" . ":-lm.}
value wlier wsking the iem mmples Ty recammendutlong given in Table 12,2 basod ‘o1 warl 101

I difler . mpencie. mye . g
fomve bieen Kiate s wasens i supubiiny of ol iggrogaion for rosd conmret

) ——

AGGREGATE I\fPACT TEST

-
TABLE 12|

Allowable |mpact Values of Aggregate in diffyrens

Material/Layers Trpes of Pavemen;

" geral
No. -

*—_—-__-_—'--—__
Types of payment material/layer

L T h“ . -
Water bound macadam (WBM), sub-base coune I

—_

Cement concrete, base course (as per 15I)
(i) WBM base course with birumen surfacing
(ii)‘ Built-up spray grout, base course
Bituminous macadam, base course
() WBM, surfacing course
(it) Built-up spray grout, surfacing course
(ili) Bituminous penetration macadam
(iv) Bituminous macadam, binder course
(v) Bituminous surface dressing
(vi) Bituminous carpet 2
_(vii)_ Bitwminous/Asphaltic concrete - ‘
(viii) Cement concrete, surface course >

TABLE 122 [

'  Condition of |
sample

Maximum aggregate impact
value, percent

-

Sub-base and base Surface course

" : ,, Londan- =
Bituminous Materinls In Road Construction, DS.ER HlM.:‘: K ghi, Edward Arsid €0 L5
Rond As!"lﬂth. their uses and Testing, B.H. Knighh ud 15

e ST
S . 2336 part |V e
Soncrete, 1572
Indian standard Methods of Test for ARgreg‘e for. Gonc

< . 5, |
. s
Insiitution, . — L Natural 347 ‘
Indlan Svandard Specification for Coare and Fino ARE
Indian Standards Institution. pods), /e g:15- 1% ‘
cuction Me! R
Tonuative Spacifieation {For Various Types of Const on of Con

ico for Construct

Standard Specioations and code of Pract
Indigp Roady Congreas, Sands & X
Muthols fue sampling and Tenting of RESTE™ goAF

< o1 §uabiligation
Rnimn of the Seminae on Low Cont Roads and Sail
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T AGGREGATE IMPACT TEST
: PROBLEMS .. .
=3 dh etk iy biaenr i e SandghT

1. What are the advantages of Aggregate Impac

2. .. Briefly mention the procedure of aggregate impact - test ’ o

3. How naégregau: impact value expresed ® LSl

.« 4 What are the desirable Lmits of aggregate impact’ vaiu
© surfaces 7. - E (3E] gueendr

25w

: 3 o Lo L magtie sy el N
5.  Aggregate impact value material A is 20 ‘h_:d that of B is's
Why ? 23,8 il Ty ey A

6.. W‘h{\i do yoﬁ,undamnd by dry and wet impact values ?

oo

Luboine

t test over Page Iﬁ:pacl t

" wpecified for different t).f.‘pe: of pavemep,

e i better for imrface coue

* “AGGREGATE IMPACT TEST -

- Serial A B i
oo o e 2l - Deails . -
"1 | Total weight of sgeregata sample illing the cylindrical "7 |
i s g gha R e g
.| Weight " of ;ageregate pasung 2.36 mm sieve after. -
2 W thetest ="Wyg LR,
e s Weight ‘of aggregate Fetained on 2.3 sieve  after -
s the test = Wyg . : £
i : i S AR R A "' ik &
! 4| Wi—we Wy BN
1 ) 4 - R -, . 53
T TR "A}gnglle Impact ’\fllue p pgrunag_-ﬁi-‘
J - . e -‘m:“:.n.l o i At -
PRI CRCC S TRDRIPR O || Joic 1 T
d i e " '- S ARl i AW AT B ot

L s sie e it B 15 VAL L e PR T2 or
* -, Sawrated solution” of §9\-_d:1;‘?13 5’ i phiate (the anhydrous Naz 504

f 7] TYecA@s LU e8Ter AL TN S .
.2xcess sall is present. The solution is maintained at a tem

: i'.. BB B aramn -
' o Qllﬂlll\ of Agxregué K [ Dk o VR TP JL, _:.K-[‘."-.:‘.,. an?
o 1 Wt -

N ale

-nmlllk; :‘ .

-y W g
= \
< 2 n .
DN
T ——
—_— N
g —_— 3
e —

il - -
/‘ .
Soundness Test
-
ON - abering acice. Is e abwmce o
aopUCTIO 2 ce of aggregates to weathering
T ; “,.; isimended 1o study- the resistan a - laboratory test simulatieg 2cceleraied werthe—r

performance studies, ) o
dge the Jurability or the soundness of the aggregates.

eathering ‘due to alternate wetdry and or fremetiaw o= e

of 'agg'rega-le is detérmined by soaking the asererms secio= =

degual® information from. ;
al g &
condition i5 carnecl-m_lt 16 Ju i -
: In order 10 quicken ‘j.l:_te e!_i'eft o 2 "
the fesistance 10 disin {egratio

jaborator?s i sulphate or magnesium sulphate.
taturated solliuqnspi.' sodlum :‘.-‘JP heape_fpuid oo
Appll’im

ers for aj es, neves, balance, device ore=D====
&

3 a e u;red for the test are contain ggregates, y

. .The appar: tus req €

ion and-a drying"oveh. The: conta_i?:crs e
:ei:;u:r[:u access and drainage of. the _soludion from the sample. IS sieves baving

- = d 0.0 mm are macesY for vems
sres 4.75,8.0, 10.0,.12.5; 16.0,.20.0;: 25.0,-31.0~ vl-D.U: 50.0, 53£lell:o et  peaded. A oot o
pare aggregates, - A balance of, capagity 5 kg 1o weight a8 salt solation is also zesssary, besds 3
}egulaﬁ.ng 1he temperature of the samples.during immersion with 1105' C 10 110°C and baving 20 27T2E
;hp.;'mns:arica':ﬂ)". controlied drying oven mﬂiﬂtal?‘ed ar temperalure
’ 25 g per_ hour. -

. - - ‘ A
e with suitable p*:rfunmu-‘s o i it
may be madi eare opec=ss 2

rate of evaporation ‘of atl

Procedure i~ P ADIEE RIS

the crystallize Naz S0, 10 H.SO'. :
d be ensured that the mluﬁo:i.s ﬂ‘mﬂf!-' a;

atre-of IT° 2 9°C 3nd sred A I
per + Yot

= e ¢+ Jess 1ban
. Aty of not
i : ~v . : have a specific gAY sz
intervals, until it is used:~ ~At the fime of using the solution 3]:;::1‘: 4 no: be us=d- - It may be pecTRT 0

1151 and not greater than 1,171, and discoloured solution shoiC cahydrate st per Jitre of water-
not less than 420 g of anhydrous salt or.1.300 g of the crystalline decahy = b‘:disoi\'ir-s'ﬁ her anbyd-os
Alernatively saturated a;:‘.fu"-tion of Maguesium sulphate ma¥ T ‘:;:pﬁme of using, b % ohydrous
g\‘_c S04) or crystalline (Mg S04 7 HsO) magnesium sulphate. 13:)8 Nt s an 400 of the 45
‘haye o} s A than 1.308. it
o ;Ptq-ﬁf’ gravity of not Jess,than 1.295 and ot o) d per e of water ; than
% 1900 g,of the crymalline hepta hydrate may be veed P

L J A A A ek B
Prepired in water at 3 te perature of .2.;)? to 30°C. . In shoul

: : . 3 afrer ‘removit
4:25 ©'specimen of coarse aggregate for the test maY be F”P":fl :wiﬂ yicld not Jess than
h;n. ™2 1S sieve. - The sample should be of suck 2 uze s'or_z,Pyccnwr more: _
P0G of the different sizes, which should be available in amount .
teee Size of Square Fols . g
T lmmo 475 mm.. —  300g ey METRRE
- DMID]U.Omm  — 1000 g , . . .
. N _ﬂmhﬁni_ng of 12.5 10 10 mm 3530 N : '7 - ) e ot
JH Akl cgho28mm  BTH s -
'_";.: -y e ezl X ‘,/
% T oa P

-/""""/’/‘ ,.‘
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40 m.!.‘Imm GT,o‘

—--"3000- €

mn‘niﬂgnfﬁmmm

0% -
“50%

2D'ynmspn=d. msmve—

i nze cu:h Iramon ;

¥ .The sa.mple ofoonseaggregatp shauld Bg-thnwﬁghly wlsh!d. and - dne& tola m‘h!unl-ﬂngh: at 105 to

[ID'C and is s:pnrmd_m-da.ﬂ'nen: size Tangesyaas given a.baw.-,- by siéving. i The: proper: weight of the

sample for each fraction_is g.h ed: nnqlzp.la;cd inseparate. cnq:auu-r; for:the test. ;. In the case of fraction

c.oarser :ham20 mmz :he ?ﬂmc]cs are;a ajso L : The samples are :mmenqd in r.hq pmp:.nd solutien of

so:hum su]pimre or- m:lg‘nenum :ulphme nr 0, IB hnurr in mch a mnnncr (han the- Fﬂ[uuun_coverthm

1o a depth u!’at!ens: 15- mm. “The conmners are- kppt. coverpd w rrduce evaporauon. a.m:l dun.ng the pznod
the umPerarure of the soluuon is mumm ‘

neda'zzvu-Pc - .
> Qnud .the ggm.ga.lel— are 'removed from the- solunun, dralned for-about 13
. 3 ing oyen aintained-at-2, te.mpcraturc—of 1105° 10 110°C:-5The samples -aré
dned. to a,cnusiamwught a:uhx: zempemu_ by checking the: weights- ‘after# Kours up to- ‘18 Hours. Whea
) ,u ma;r he-wnsxdend that’com:a.nt we:ght 'EA} been- auained
-, Then~ :he nqmgntes ‘hre agam lmmzmd in the
dnhng .--'I'I'fe {Aiumber of cycles-ol’ altemm

Yol R L

’L"

of immersion,

' - (4 S
;r;mEba:,:, ard::: ﬂf—aggngam o em“‘-‘"“”—*“l!? 10" eé/if. ‘there if 'any ev:ﬂem:eof éxcesive iP“!ﬁﬁii
g tegration-of: the grainia:c- A combined"sieve adalysis: of “ail: 1he~mntzrmk|ubjectea-1f the

e abave, test.
test_cycles;.may ala:be. cgmed ourto nnlc.;he «variation from' ‘hﬁ'ﬂﬂzmﬁl'gmﬂ nze dmmbuuﬂ“ o{

~—-t_. .The i '
g results shnuld be reponed giving :he E:l.lnwmg pamculan
" (a) Ty-pe of sulutmn used for-the rest.
(b) We:ghtofeac!rﬁnmnm of sample before i test B |

() Material from eack L "

fraction of th : e

before test expressed as.a Pemﬁnlng: h_"“w“ﬂ; finer than !hewsleve an wh:lch the [raction W& re
V

ht of lhe fraction.

:ﬂﬂ‘d

=

SOUNDNESS TEST

m the- percentage lo= for each fracion baws o= &= .ﬁ_,-_-,,.,.
grading of the ez = tBr

ated fro
o forzbly on the averags

o av agc ation o1, Pre
;- eight® < ved for examin
@ Saple rEC_r‘:[" of which the sanple is representanive: . R
i poniion” fsu ; or than 20 @@ size before the 1est: tbe number of parisi= & e == )
of ar;:c]es COiLTE aﬁ'ecled clas'ﬂi!d as 1o m- -numb—:_-v;ﬁ e

o I tbe
ore.,

3.the niumber. of pa.mclcs

- ﬂakmg etc.
- ermbling  cracking: e civen in Table 131 wit llusmade o5 S
i mended form for recordmg‘ of da g |
ki TABLE: 131

Sieve size, mrm

‘—""_'__'__———._ !l percent i

Passing

Go:rsz Aggregates

Test Data for

.Soundness

AT

|

4 :
¢ Pcr:enraze passing W &___‘c s
1

of - ‘ Weight of feSL | . . fper sieve afrer | iy
o"(g::ad]lllgam ]t- i fracnons or¢ 1est (a:llﬂ-] [ 2
Lesi, § percent oss) i

Rerained

Dis i orot = .
cussion | l ¢ any of the szes spmﬁe" unaerred S e ame lest
e samp]ej conmm e percem ) sult. it § shall be considered & pex. large? st
st re or 2nd pex 1378
not be rested; but {pr the purpos« of lcaculadng the 1€ . of the nex! small - :
in sodium “-“Phnmlor magnesium sulphate treatment 2% ¢ e sam® loss 3° the 2% lnr'_:?; o
2 th® . s i
1M one of thess s:z"t is abseni. it may "he considered 1€ aav 90 mm OT giod0® m;‘ \he si=° availab!
Anze; whichever is present. When the 20 to 10 @™ 400 - ageregate shown o each. .
3 0
cannot Be” prepared die 16 ib { one or 1w SiZ€
. \ic to"the absence ©
may be used to prepare the sample, — |
or e
J g2l therins g
-Appl‘lutinns of Sou JTest . e s oot a"[;f‘- e 10 W d-'l g accelerdi®
“The' mundnus test i uuful m “5,5‘ m, rmrmnc?d ﬁ'n apEreEate shoul bl""'e o purch3*® |
ne AEETEET g bt ¢ (heY
conerete likely o be exposed 1o the action of frast, €03rs¢ " Jave set agure " " m wdif
soundness for th> 15t resu andnes e
test specified above. The Jimins for celeratd 59
' .
and the supplicr. ‘However the aggrepaies ¥ hich fail I8 the #EEC (s shouHd pot Ex°¢
Y LE 1 oye!s !
D58 2 specified frosze-thaw st satisfaciers . user ¢ of weifl® e U sulpha |
e -
AL a pefis von tnat the averdt sted with pes 1650
l i pefieral guide, it may be ke )4 percens 'h!n 1e it und ol
cent whets sesied with sodijum sulphatt 2% - permi L pasink
India: 2 ent 8% inous $UT _
Sevg dian Konds Cu.mrcss has speciicd 12 per® Les 10 D¥ used in v o
Maca. withi sndium sulppar . for th- ageree
'lcdda. c‘nn!ll'"c“""' S
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- - SOUNDNESS TEST ,
: .+ REFERENCES
Aggregates for Concrete, 1S.3-2386 Part V, og; ' ofe .
.. Tndiss Standard Methods of Test for V. indian f .
1 e e poant ol - Specific Gravity and Ulater Absorptisn Tests
- 2 Indixn Srandsrd: Specification for Coarse and Fine Aggregates from  Natural Sourcey for Con ‘ [
i IS : 389, fusian Standerds [usnitution. e N S S e i |
3.. Recommended Practice-for Bituminous Penetrafion M‘“‘i‘m'. 3, IRG,: 20, Indian Roads Congrag, ' . is considered to be 3 meagure of -
. ! bt : Biruminous Surface Dressi v IRC ) - . avity of an aggregate * o Tz o ey 1 o o
‘ 4. “Tenmsive Specificarion for Single Coat Biruminous Sfbce sy T . 17, Indian Roads Congy, The specic E¥ cific gravity are generally weaker (haa t2om w2 gy mer fy
{ 5. Tenutive Spad!iaxion furEBitLl‘xminqur ;\{acafim (Bmand ‘Bmder C':‘D‘ur:!),,IRC 127, Indign R;“' S0 h‘ﬁng‘::t l:zlp‘ .5 be identification i e S e
1 Congress. ~ i PR B RFEACTI TNl ad : ific gravity © "
: i PROBLEMS . rion gives an idea of strength of rock. Stoser Zav=r v e wwrpum ww zar
H | . . Water absorp . irable . £ oo
Vo imirpeennd aresnt) it g1l 18aT sesrdagod : s na‘unmdamgenmﬂYm‘kﬂfi unsuirable unles Dev e lmml @ i acrrie st m
1. Whatdo, you mean by soundness test for aggregate ? ~ - Pesasiann ofous i e = hardness tesa.
! 2, Whar is the necessity of testing the durability of aggregate in the abvratory 2~~~ - -~ . __ | qrengthy i0P! :
i 3. What ard the salts usually used in the soundness test for aggregates ? . Y s g -
i 4. Which of the two salxs—Sodlum-sn‘lpl.'znte mﬁlgﬁnuiﬁmfsdpﬁaieigiVb; a higher los.un wel h A?P‘ﬂm' .‘ ol' the following :
i "4 eyeled in'the soundnessese? > £ My 02 PTG, JHIOE PRI s A alty The apparatus eopsists of tue 70 b
s 1ot * A et . -y ‘ 3 accurare todS g aszd mS TR = =
TR : i JOTTRICI (s) A balane of capacity about 3 e mapended 2 v )
- . ... . _OBSERVATION SHEET . . . _ ‘ permit weighing of the sample container when suspen -
it s SOUNDNESSTEST - G 7l ) A thermosatically congrolled oven to maintaia remperarure of 100" 2 1 7C
Type of o e 4 . e 7 = : () A wire basket of nof more than 6.3 mm mesh or a performied TS = SRS = ==
Ype of coarse aggregate sample: -, c “= . "Number of cycles: wire bangers for suspen ding it from the balance. .
,_'f" size, mm - Grading of. original [ Weight of test fraction Percentage . passing | Weighted aversg (@ AAl_co_:_n,a_ul:er‘lfgl‘- ﬁllmg‘ vuu:r .u.ld, su:.pendmg the u.. e
- Pasting | remsined on.| S3mPle; pereent. | - before test, g. ?“t;;e" afise. ceat| {corsected pura (6}~ An air tight contaiherof capacity similar to that of the basker (refermee B2 < B
- St ] L : ac 58 . - a5 =
- & ; Pt o,.) el () A shallow tray and two dry absorbent clothes, each not less than (X3 =
s T T AT e ey ; EELTaEE S :
- — ‘ Prncedue,s_‘ R . .. e
) sed G TaImC gy Sp &8 STt - [, Zmes Gamed B2 DS
: About.2'kg of the aggregate sample is washed thoroughlY t© e 'zn'ﬂ?,-:-c e
g do v the wire basket and framersed in distilled warer at 3 leRPErATTE B e emmuoed 23
: . atleast 5 cfn of water above the top of the baskec. Immediasely m_ﬂ;m,* B
e e A B iy e, removed from the sample by lifting the basket conraining jt 25 mm above 223 pog——— o
Ba"s oo, EITEI ptl | ) itto drop 25 times:ar the Tate of .about one drop per second. The basket 333 )
; T - EEORIERR R AL e pieens Feiailye , completely immersed in‘water for a period of 24 £ 1j2 bours afrer™ emnerare o o 2L
v DS S !:':r:eb&;rpﬁﬁu coarser than 2{;m_ln: T e . ] The basket and the sample are then weighed while suspended lfl ““5" ::1;:.-'-;5-‘5- ew sbould %
' ; e AL el D j:uc? itis necesary to ransfer the basket and the sample 10 3 S R -
3 B P vl - N E‘{“mbﬂ' Of, puﬁcl?ﬂ_ﬁﬁecmq' cla ’-/ ed a3 “',Elf' nul_nbﬂ' wh:l 25 times as described above in the mew tank to remove air o b fom WS
; “ Paming | Reined. |- Numbes bifoioscge|- o TG crumbling, cracking ‘or fski¥ S supended i water = Wy g. The basket and the sETS TC ro.,aesws-f-"::;‘f
bal - : : htmensy SN % - o ‘ . o nagnaned o clul::d 10 drain for a few minutes, after which the aggregates 3¢ s dmdl-ﬂd‘eg-’dn'
Wi 25 s R T W Tar -  '| - " — : """I‘ iz ;_./ W, g’ The empty basket is then returried to the tank of water. I e
X 4 : ot 3 g o N . oSN o ; further 2° 13veT,
] §ode fatter rilbioigug < sk " ‘ T redl oo ; dried sllgo ! i anask
bk i L . ,-’-—-___ R Y T R R T st g “mn::z‘:’ﬂmgntu placed on the absorbent clothes are surfl::e s:wd iry cloid ’pmi:. e
L B P T TR e = - X S nnY this cloth, Then the aggregates are tnnﬁhentd‘lﬂ e completdly Mwht or
T T IR A s ATy / ] ee : ""illluu d d'luowed to dry. for at least 1 minutes uatil lbebe exposed 19 the ausmospber®:
Remarks s 3 _-“—'*“'—'*—r--—! ' - STEPEEY e 4 ' rying may. be needed.” ‘The aggregate should not P€ =~
L g ) Sy TRy e Y T T . i *
4 B - _ 85 .

(%1 CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

L

ND WATER ABSORPTION TEST .
L]

SPECITIC GRAVITY A

86

any olhc: sourcy of hem wl:

N

;h surface derB Al gentlu current of - unhonted m‘ﬁ ‘may be used during (4,
S invist 16 Uncecletate the drying of “aggregatc lur[ncn The! sirfade ‘dricd aggregate is the:
Wg g. The ageregaic is placed in a shallow trny and kept in an oven maintaineg a
ch for 24 hours. Tt is 1hon rcmoved from the oven; cooled in an ‘“\-ughl f-omun::

a2

first Ten
weighed =
teroperawre of 11
md weighed = Wog
Ax Jeast two rests should be ‘cdrriéd out, bui ‘ot concurrcnd}

LA B Al LY R 142 PLTATY L IR

m-y,vs —6 '

Ci“f-w)—,_'

IRV

R o sty arcohd Fi

d in water Wllh Lhu basker = V\qg Conmioan ' o
C="Wee RILR

Fydidegts e K

Cnluulntmn:
! I‘Welgln of saturared agueqam suspcndu

Weight uf basket suspended in water et bay

Weight of sawurated aggregate in water L= (“’1—"W2) = “5 i

Weight 'of sarurated sutface dry aggregaie in aiv : : = wng L ;.,;,_:',.( , - ..t e
fWa-—-W.) g O v

’We;gm o§ water equal to the vo]ume of tha aggrcglte ;

(1‘ Sp:cxﬁc gravity (l},wu\)

J

“-' v Ty’ ‘weight of aggregau' :
e (- Wc;qh; of, equal volume ol‘ Y-'uter -

‘\\

TR e e g T teds san0

: of».aggregﬂm

Lavid

(‘_’} A'pparem specxﬁc graviu

B "r"'" TR AR 31 ‘i’:\l ¥ N
\\.-\\5 ,7— w,-—“»; .
) \\ ater abserpuan = percem b\' walgt w au:r absorbed in terms oven dried wpnght of aggregaw

: R L L 11Tl ‘_‘ e
Le et o

D:snusnon Y

' )" ne 3
9 :-m‘.:v" 7_7,~ Ll
R J' PO
The 181
r

? A el IF!’J f 4y
'Ehe Size of Yk agg-regales aﬁd whelber :r‘]ms‘ bean amﬁz:la]l)' haaled shnuld be mchcaled. .
specifics 1}"‘9' methods, of tesung for“thie - déverthination .co[r the; ‘spem.ﬁc gravm’ and watex abwl'P“"" 9

4 i :
BYE ) 0T EasaA Z
’ PERhEY A

oo I En

"The va| . ol
T ahw’ "Plion st Gbes niol aiwaya glve:repmdumhle resulis wnh aggregams of hly‘ Pm’s'”

App'll;)mtluﬂs of szuﬁq Gnv:ry and Water Abaorptmn Tests
: "
i aw\r“?tf‘l:;‘ui!'ﬂ:fl\': :f izirgiaus norma]h- used in ro.xd cons '*ﬁcuun rﬂnzes from abouf
abou: 2.ET. Though iy specihe graviny of ' an aHET’S-'a" 'is consider®

andicatiorn of high
finding the mec:m:;:i:en:: ¥ nm P““ ible "-'Jl‘ld'!ﬂ he’ sunab:l:lv o[ 2 samplé of road lgb'”g'w
such 3 ageregate' crushing. impaet and abrasion values: *'

{23103 o wit
gms
withos

Water absorprion of a i

- An Bggrega.: is.accep 27
< K . ted ay ) :
evehrconsidered. 25 & Meusur measurce of its porosity.

of s resi
fesistanc o frost acuon, though this ha: not vei b

agdequal - Tesvarci.

[wq,,g :,,nf equal \rulume of waler excl,udmg ajr vmds in aggregu;cs) '

P P

SPECIFIC GRAVITY AND WATER ABSORPTION 'rm-s

rption value ranges from 0.1 to about2.0 percent r’"!lnnu.
th water absorption upto 4.0 percent have been used in base
0.6 percent is considered desirable for surface coune, though ‘h!hm:. Generally 5
“ au: conatructions. Indian~Roads Congress has specified the masimum :u; valuesare
. “ulﬁ:‘ i 0 perct“‘ for nggregnte: used in bituminous surface d"’m;ud bralteap spray ot abeorptiog

‘ or aberP normall .
’ Wll Slonel wi y tted in mad

REFERENCES

ndian Su:ndlll‘d‘ M.;hodn;.oﬁ Test for :\ggregm for Concrete, IS : 2385, Part [II, faier Standerdy

la jmnmtlmr. )
saik Mechamcs for Road, Engmner!. D, S{R., H.M.S. 0., London.

3 Buummoul Materials jn. Road COnmrucuon, DSI.R. H.M.S.0., London.

}, Tentative Specxﬁcnhbm for Bituminous Surface Dremng, (Single, Two-coats asd Precoaud tives,
[RC: 17,23 & 48,  Indian Reads Congress.,

‘[‘emanve Speclﬁcnnon !‘or'Bmh-up Spray Grout;' IRC 47, Indian Reads Caagres.

o

J' . Pnonnms

S ol
I, 'Discuss the importance of speclﬁc gmvuy test on road aggregr.m ?
2. " Define true and apparent npeclﬁc gravity of aggregates ?
3. 'What is Lhe mgmﬁcnnce of water absorpuon :eu on agg‘nga:es ?

" OBSERVATION SHEET

'DETERMINATION OF SPECIFIC GRAVITY AND WATER ABSORPTION
. (i) Siza_of t}‘lg‘aggréga(es = (i) Aggregue Trpe =

Ty et . l Test aumber
-

Details \fean value

L/

We:ght of salurated. aggregnte and ba.lkel in water = W1 g B
' \V"\lrelght of basket in water ; T Wag
Wenght of saturated surface dry aggregatés in air = Ws'& r, :
: cight of oven dned aggregates in air =Wy 8 r |
9 Specific gravuy = _&_____ g i
& W; — (W:_—W:)' Lot |[ ‘ | ‘
3 Appamnt W '
mmﬁc iy §
w gravtw ‘= Wim (W1—Wg) ‘ i | ‘
ater ahlofpnon ! (Wg—wq) 100 percen: :
!
(i
(u; tean anu. of specific gravity =
(&) \dean value of apparent specific gravity - =
Rep €an value of water absorption =
. ort on q\mhw of sone '
eln.ﬂ‘. 5
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m’RDDUC.‘TION | 2l T st

The partcle ahap;: ol' aggrzgales is determmed b}

tonsidered undesirable as fhe) m‘ay {c;f-use mh&em:

e. pmcnr.agu “of ﬂak)' and e]
cmm,d jo it 1,1 the case of gravel it i determmet:l 1=y its angulamy number,

onga:eﬂ Pa.rude;

For base . Course apq
. a.l:y and elongated Particles ar
weﬂ:ﬂeg -‘ﬁtﬁ poss:blhues of breahng down under

heavy]nads Rounded nggregates are preferred m’év-mtm Gfm‘-‘fete road ‘Conftfylcuon ‘as the Wul'kﬂbjhty of

e

concrete improves.- “Angular shape of pamc!es are desu-able For: granula
* stability derived from the beue: mteﬂoc.k‘ing... ,When r,t]ie ahape bf-nggregate

se Course due t0 increaseq
‘devtates ~more from the

spherical shape asin the case of ang'uh.r, ﬂaky and elunga(ed agg-regazm the. void conten: in an aggregare

Fricy

' of any rpen.ﬁed size increases and hence the gram size: 3a.wmf}utmn of a gradvd ag'gregaie has to be suitably

* aliered in order to «obtain m.mumxm. ymds.
. umbet dtenntes the vmd cnntem ol' single’ sxzed‘aggregates m,ﬁxqeqs of
aggregmes of: the same size. - :Thus ,angul ber “has cons;dera

P T

requuﬂnznts n!'vanuus lypes of mxxes qu:h as h mmmo

. a.ngulanly 1s necessary * 5
FLAKINESS mnz:i““ : ".7‘ viskose :
The -‘w """ ”"i“ of aggrﬂgﬂeﬂ is_the pE.rcenlages by ;wej ght oI' pam

; i (lh“:k-ne‘i-‘) is IEE‘-’-Tha.n t]:ree-ﬁ.ﬁh!r (0.6) of 13151: n‘lcan chmenﬂon

lha.nBSmm B e e RS

R T e

Apparatns .

The apparau:s consists of a ‘siand

o e 2 i3y

b MM hiey g

HE %!
i e OVER gaqre AR
i 7 ) 4 AL BNy S on sap ; £

:gum 13.1 'rh.dn,,,, Gauge-

: brgg ;B

.d:y m:x ,m;,r,he h:ghest dry, dengity. : The > angulariy
‘that,; ohtamed . with . spherical
Vpurtance in !he gradaton

A

L 8

PR Rl o A
PR e T =W giatfound, mmaheﬂd-# s

1'7/7. =
- '/‘_ .
’ ELONGATION INDEX
. - " &
/16125, 10 and 6.3 mm and 2 balance to weigh the ramle;
rﬂ_r, hS : 2
rm:ed“" ' R the sieves mentioned in Table 13 i | AT
le is sieved with the si w 1 A miniman o ieces of ea
. The ﬂ‘:r :a-;ed are taken and weighed = Wi g. hw&mm‘hﬁwﬁiﬁﬁ%
fractd “n:d for thickness on 2 thickness gauge shown in Figure }54orin Ty l; .
then g“ﬂgw width of ghe slot used should be of .the dmmmspmadnwm{_, 3)of Table- ]iif:‘ﬂ]r
slats. 2t mize of material. The amounr ofﬂakymnmﬂpamsfmgmt‘h -!-—g’:mmumx,u{ .
,:: laast 0.1 pm:em “of the test sa.mpl: B} o N

R 'Du:ncnsn)lll of mc.hcsindlqgﬂ: Gangs

B

R Si'i;.nf'aiggx:ggéj.e S L o T T T T
R I T S RASHE i " [a) Thickoess gazge | -[t) Leagit gange
P - - naL .61 he meax Seve - {155 b e
Passing through - Retzined on (0.6 zimes e il RS 3::5;: =z
Sl o - i 2!, o
IS sieve mm -] 7. 18 sieve, mm > | ’
: IR T i S oo 4
B0 St e e e — g -
00 I TUT a8 ) 70 a0
00 - LT T 195 .
23Lhe S 250 ° 16.95 -
D Lo 180 "
200 S 160 1080 24
200 s BT el ! 835 o
e S S TR S AT KN P 02
“10.0 ST R T 2T = 47 -
& . . 2 4.89
—— Lo e 7% —
§ TE s — = 1
Cllu:.h.tmn -and Result : . ‘
. ¢he weight of each

. frst:
“Drder 10 calcnlate the flakiness index of the entre sample of Sgs.notl ma As mu,mpigiﬂtm

2 of aggre of sievcadt
lp,,qemf EAte pasing and etained vonghespecified set , B ol a2
i nfmmdhulh ggrega. % legmmaevmmdﬂﬂam"w “zsgn'hi!liuf : -
S
j‘:'vze-

B ““J'he frag BEMQWQ Ry b : ;
Wil ‘j::zp‘““g and retained thespeuﬁrdawu“wh w" -3 passing ach o :
U e ot W 3 found, Alrbe wegh zn‘“‘f“fm e
. "Wy «..and-the total weightiol mm‘:x* 2 gotal 3

mnkineu‘.:lﬁdn-- .*\ﬂ*_\'_“r_!"%‘*'w;’.g-@ -perceit o W
1o
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FOEEteh (S

R :&‘W*
= __MMﬁuom
neh' = mm

m&awu ‘hmb?wughui
lﬂ&fﬁl‘ﬁﬂ&ﬂma ﬂ‘.g hmu} lhmrm Pundu'"‘hm..

y " Theyy %\

)

"~ The samPl.e.m uevedlhmugh the IS sieves spemﬁed m Tab'le 15.] i A

* fracdon- is- takerr and weighed. I order- to. separate -elongated.: m;t-ma‘lmmmum of 200
individually - for- length: in:-a- ‘length gauge {See Figure 15.2).. The gauge ;Z‘:;iracnon
jal. g

specified- in ‘column 4 of: Lhc*Tablt“ for Jthe’ appropnate mar

Pltce; ilf
13 Th!n B

The- pieces of agm:ould bet

* fraction. tested ' which could. not.
pm th.ruugh the spec1ﬁed gau il
ge lengﬂr with .
‘;:,mcla :n: are. collected sepazamly to find the total weight of aggregatey re::mlo:g side are tlnu;{:
a,
mm .::: ac;mn. “The mtal amount -of e]ongated material retained by 'the 1 it knglh
uraqr o atleas: D 1 percent -of the. welghr. of Ehe test sampIe Engr.h S an w"@‘

T TR nnmiv -
: u nﬂ e :l
e e iy T et ﬂ.—yi—-— nLu ll! B 18 l‘?o = :

4 £ o s .-.'| g

M‘ : ength&o each l'racuun i’
KM Pamng‘m nuh'::e'.-e ud. mamed.fS ‘mm siéve we:gf: Wig.

f thﬁ’
'Each plece o " +2

Tt bn pmedmmw
; Md 8“82 length or the length ga.uge, wmch in this exampleis =~ 1
‘m lﬂ"
M"d‘b.“d ‘h"“ Elongzled pxeces 'which do not pas! the S““g' are #7 o
P ; S‘m‘lﬂrlv the weight of each. “fraction of 333“35‘"; pd,gerd
G ='W'g Al 3 °“ﬁds— w?h Wz,Wa, -+ and r]:;é total’ weight o ,ampehc spfaﬁe
< - Aldo the WEIght of muenal f'rmn each Traction retained o ‘ ki

i gauge l!ngﬂl m'f“
157 mmcl:: !
s o rl, 2
Ty "ig. e xa R “and lhe toml weugh: re:nmed derermme

=

-

. [‘ ‘mix.

; dmr gradabon re

- angulerity number is found - from the expression,
 represents the percentage volume ql’ solids of most.

. Atome end. .

g

ANGULARITY NUMBER
v " ’ ’ ) gi
'mde.x 1he wtal “’"S‘“ of she maerial retzined on the variog :
” Th! ¢]nBP ;l:he toral weight of the sample gauged. ‘ kg AR, expreyeq

#'pcent®!
u“” _ xatxetxs ...) 400 - ¥
'Elongnuon Inde:( —-"—-—-; Wit WatWs = =. 100 7 P

P

2"

JeTof the aggregate pa.mcle stones m..;beﬂm
= ..well"-deﬁned edges. formed a:-&zmx!mu}z:&-
gates yrepared bycmshmgofrodn &nﬂw&kgmr!di‘”

EE“

Wit oy’ found
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;wexghedﬁto Lhe nearema g: 'I'Em:e séparate detérminations :re
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e By;pmm than: 25

detenmn:m of . any ‘one of the
.are lmmed.mely

P,

Arhemmnt‘].ﬂnmbemg :
exprmed :oth neamt )
.pi.,'.m.\, tal A < nesret hole nwmber, -

P“mm k-m— md;umg :':“Bmd PaRitles dreto be aveided, 'pﬂ-l'ucularly maurf“'
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et far

Axmmwm *
- ”
7 s ) TABER- 152
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- *-_-“—__—'_—_'
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) B‘mmmnm[Aaphﬂmm
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(:} Bnumlnnusmaca.dm o )
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Thungh elonga:ed—shapr of ~the aggregates- also-affects. the compaction and the comsTacion of
piumem, there are né specn.ﬁed limits of elongaubn mdex values a5 i the case of Sakines 2dex Ix
dnﬁemnt melhods of pavement construcuon. A

"ﬂm augulamy number measures the percant voids in excess of 33 percenr which s obrzined In the cm
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angularity number also inay be ‘cbtained in the case of highly angular and faky aggreguies. Thos Higher
o cement concer X
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swength for 3 particular cer cement content. But in flexible pavement constructon Dethods g
3ggregates uck s “the “bitminous construction methods, water bound macadaz, ¢t s ;“.;T:;
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( : STRIPPING VALUE OF ROAD AGGREGATES

96 x

s on 12,5 mim sieve are heated up o 150°C. when'these are 1o be :

e and re!'mtdﬁgeldg :plorﬁgp-csdheﬁ these are 1o be ‘miked with tar. Fi"m::i ::hbbim -
e botd to 160°C (110C i the case of ta binder). 'The aggregate ang o, ™ty
thoroughly till they are completely.coated and the ml:[flf.e is tnu.sferr::d o a 500 m]- beaker andra g
cool at yoom temperamure for ahm‘u two hours. Dusu[ud.. w‘am_ is then added 1 e '“Dw.dm
aqgrepes. The besker is covered and Leptin 2 ester-bac maintaioed at 40°C, taking care 5 o0
of water in the water-bath s atleas! ball the beight of the beaker.”” After 24 hours the beayer . o ™

"jmhd at muﬁ:':mp'er;tufe 3and 1}:3 ex_tmf Of ltl'ipping 3 'Eﬁm:ea

. L

the aggregates are

: Visdally while' g o ™
srﬂ]underfitu. ' .‘-‘".i.’,— o o i S liyr oW ]
... The str.lppmg vglu_e“uis he yatioof

_in each test, expressed as 2 perceltage. D€ Mean Ol taree )

“(ested aggregares and is expressed as the nearest whole num ber
s £ Tl WTH = L 2 1% JUR:
STATIC TMMERSION TEST BY R.R.L, -

1he frzug of _:hé u:écoycreg 'a're'éf:bbsel;_-ver__l' "?s_““]‘ff‘!s ‘the Lt;ata'} it
The mean of three results is Teported ds itfipping gt b 0
o R s

Rt

ITEW G .
e

“~. Thermostatically controlled dryingovens- capable of_ maintaining .constant ‘temperature ’betwm;;é'c
.~and 120°C, Balance of-capaciry-of 1:kg and.accuracy 0.1 g, mixing pan:spaula, jars etc ; :
- “Procédare T 4 i T el iy 4 : : Sl .
S A_'sg]-géatg éus‘mg 19 mm: nevc“a.nd Tei.aind on 127mm Si_l!";‘e i-‘ Wi hed Jthbroughly Wllh ‘;,;‘ai;;;
' in’ distilled waier and dried in &b oven‘at 120°C for two hours; . Eér.each-test-500 g each of coated misun
‘ ) ”ﬁe:ght s taken and s 48255 ¢f
0 g of the E:‘r;s‘gt_éd:’ﬁ:f'.'k‘(gfe: .\f\'hm't'a::
5 .75 g of aggregire i
utb rik‘l":i’t.l{ifnen“t;“:;'t A serezate

Apparatas

g g T T

HY S SR o Lo g

the some adbering 1o the ‘pan aid “spatilal the Hrsc” samplé’ e
5 . R RTINS, S AR e PR se e 4 Diver e ) s il
testing and the process of mixing the'weighéd quantitiesof aggregates and-binder is repeated for prepani!

test spedimens, ¢ T L T s e AR oy
O S 4 38 divided intg two ‘ﬁf’Ji’°ﬁmiféi§" equal.parts afté; mixing’and each is placedina 59‘;:
'g{‘? > hﬂ'dh-mwfa] to.$wmnd 3t room refperaniréfor 3 bours -+ Oné-of two jrs containing the mixture 5
3 fd g illed water boiled previously and ‘brought t6'a r_emp&nrnfe':-nf.:25°CL'-'Th="°th” jar ;
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\Tatr ek

“The Jars are-then covered o 2 ey R
rvatio . d =nd ‘maintained -at ‘25°C-and 40°C- ivel the test isC07
Obee nsare made at 1, 3, 9 2 ST '1,0 rg\"‘."”““? YAy 14 e'q)dﬂ“ﬂl’
+3,24 and 48 hours afier ‘the Water ji added, <n -every case ‘tb g

e emaing . 2 .
may be ﬂ:::::m,_u oated after the above times-are visnally-esimated. #\ﬂ-ﬁm
Besmies >3 failm E#E?H\:Enﬂge agpregates Oultﬂﬂ a‘;:l‘&"!l\!‘lrvz?g_ewluefnpkm: .
“The resul is reporreq , PR WY
_lhl © MeATVAde of at Iy :i::: PeTeentage of swme surface that remains coated after the - ” r
sewaxion 2 -"““1]. ¥ £stim ui_'d?amgs,-‘b.g_-;:ug'munﬂsd off 1o the neares 5?'“"“
‘ . f . = 5 - Jw‘{

d

3

: ; apides

mm‘dmﬁw 3 te [CERE S R0 T 3 S Sk frt -

© - Anemmy ! 1eacs 10 poor reproducibiliry. . But still the test gives
. Tripping Bave been vmage S I presence of water, e gede

A - One of yp, APProache; :b""w.e Zhe zen by.;dopﬁng.gther methods of mssessiPB e o e

TSRt D ReRNTring the quantity of Jight reflected by 1 ot L

—

.g valug of the

coated aggregates is not 50 a
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G VALUE OF ROAD AGG
STRIPPING VA REGATES o

4 after immersion in water. The degree of smipping may ab be mactyos s,

pefore 82 easuring the change in 3 mechanical property like compressive W.L n‘
i ety by ™ . pretsive

lﬂr’ﬂﬂ indirect 'n gives an indication of the extenf of damage by the water that bas =z

e jon in st7e0E s . .

,,ancunnll'“, 4 that the adhesion test resylts are not always reliable from the poi of view of S
. uporte

1 is 1¢PO oL .
manee ;ch Institute (C.R.R.L.), New Delhi bas recommended a srippics o= for

T
” of K 2 B ¢ = - . -
Cen‘{nl ﬁ:;gﬁ-]iids Congress has specified the allowable limits of this stripping e resizy for e

s - ; - T -
aggresd! used in-bituminots rmﬁ o_onm—ucufm.

o of Stripping e 0 §

gates have ~lesser—affinity_with~ bitumen in comparison wit warer zd bence
binder occurs when the mix is immersed in water. The problen of iz =
. amenable to theoretical treatment. Thus 2n adhesion text sucd 25 b2 £zl

ping test would be suitable to assess whether the binder would adters 1o e
ts are-available, which whea psed wiZ &=

Applicatio

some types of 2BBTE
sipping of the bituminous
satic immersion test or the strip, 7 e witab
aggregatc when immersed in-water. —Several-anti-stripping agen
bituminous mix reduce tﬂe !E':‘P_I_’E‘E- A% T eee 3 s Y ]
s ing value as 25 percent for 2zpepis o

Indian Road Congress has: specified the maxil:nun‘: stripp: 1 P -fo
be wed in bituminous constructions like. surface dresing, penetracion macadam, bimmincas 23232

_ and carpet.
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T e Totodugg,

e 'Binuninuus.h'.-ﬂﬁm used.in pavement conmruction works- include: both "bitum‘nd.m

Bitumey ;.

Péuulaum'pféan‘ci’?:hli‘iﬁ;d by the distillation of petroleum crude where-as road tar is ghtaj o

. - - g S i+ sth H o ' e h ra T a

] ; coal.or:w 5 %P%_md:ﬂ:&% atboth.a by iy,
for pavement Works, =

cﬂmﬁmﬂ

of che Bllvi (hree methiods § =1 :
v b _menl?indé_r.

(i) byheating, in the form of

(i) by disolving in light uill,‘in the form of cutback bitumen. : . |

(iii) - -by dispersing bitumen in water; in the form of bituminous emulsion, ™ ~ . L
Bituminous binders are very.commenly used in surface course of pavements; the

base course af flexible pavements to withstand relatively .adverse conditions’ of tr;B‘ic :nd :III:amcd =

materials are also used in soil-bi rumen ‘stabilizatjon and to prepare sealer materials for fllip te.- 'nﬂ

cement concreté pavements. - ’ B the joisujy

. Bitumen is available in a variety of 1ypes. and grades. T i :

; Bitumen,is avai .and grades. The grades of bitumen used
construttidn-work of roads and air-fields are called paving grades and those used for :mzrpro:‘:m:
structures, industrial floors, ete. are called industrial grades Th i i i p
classified into two categories s ) i i Spivingibinmesdgilable Angiis

4 {i).,. paving bitumen from Assam petroleum - : r = i '
A e e AT p“,’?-.-'_\ ;_:?dc;n!ntcd as A-type and designated uA3§ grade, A9
s i 4 ﬂ
(i) paving bitumen from other sou: i ;
Joete. ) rce denoted as S-type nlnd des.tgna:ed as §°35 grade, A 90 grags,

“- .There nre.a. nlumber.of 1€sis to “assess the properies of bituminous marerials. - Standard agendiesin
rious countries like the ISI in India“have specifield che test details and requirements of the differes

materials like biwumen, cutback, emulsiod and tar. - -

The com 3 . ' 3 .
A su&::.;’: !e!f:-lu as&esl!-the requirements- of paving bitumen are the penetrarion test, ductilicy s
Additional tesns ibe o ocsts flash ‘and fire point tests and the specific graviry rests are also neeled
s carrie: uu: ma;:r}t?lubl‘e in . carbondisulphide, loss on heating and penetration tests on residut
! . e viscosity test by orifice viscometer i import.am for testing tar and cutback.

-

“Figure 17.1,

; Y

PRI o it o 2 e

S opsistency of bitumino e : much ;
Wlme ranges between 25 and 30°C mast of the'paving bimmmen grades remazy.

%r in plastic_states and their viscosity is so high that they do not fow as liqud, Bo b T

%? “he tars. and cmbu:ck: are sufficiently low at this temperature range 10 permit these

E::i:m materialsato- be 'inggfeliquid  state, enabling some of the grades 1 be mired with aggrezares

bit JEem < AT -

even without beating- ' '

Determination of ab

solute viscosity of bituminous materials is fiot s simple. Therefore the comsistency
of these materials are determined by indireet methods; the consistency ‘of bitmen i determized by
n test which is a very simple test; the viscositv of tars and cutback bitumens are determined
using an orifice Vig_éﬁmeter in terms of time required for a specified quaatity of material 10 fow
There is a certain range of consistency of biruminous materials, wherein the material
is too soft for penetration test, :h_t_i:.r.hc viscosity is so high that the material can not flow through the orifice
of the viscometer; the consistency of such materials is measured by ‘foat test’,
nous materials are available depending on their origin 2nd refining
the consistency of these materials for the purpose of grading them,
r one hundredth of ‘a ceatimeter) to which
ditions of - standard Joad, duradon and

Pgnﬂrﬂljn
indirectly
thmugh an D.l'iECE.

Various -types and ,gf:':dgls of bitumi
process. The penctration test determines
by measuring the dépth - (in~tmits-of one tenth of a millimeter o
a sundard needle will penetrate- vertically under specified con
temperature. Thus ihie basié principle of the penetration test is the measurement of the penetraion
(in units of one tendi"'of a mm).of a standard needle in a bitumen sample maintained at 25°C during five
seconds, the towal weight of the -needle assembly being 100 g. The softer the bicumen, the greater will
be. the penetradon, =5 )

The penetration “test ‘is widely used world over for clasifying the bitumen imo diffren grades. The
;]:;l has standardised the penetration test equipment and the test procedure.  Evea thiugh i.lhre-mgniﬂd
iul the empirical sests. like - penerration, softening point etc. can ot fully qualify.the paving binder for
tmperajuce susceptibilisy characteristics, the simpliciiy and quickaes of operaion ity medn'm
ignored for. common . “The concept of the penetration’ test and-the test seq up are illustratecin

Mg 5 et s e L T RS i
-~ 1 v . ) Vi
‘hen;n:::u D_r Trems ke, contaiosr, needle, wﬁ biith ‘penetrometer, stop watch eic.
i Specifications as per ISI for the above apparatus. and 35 mm or
. ! . i 4 ez 1 meler
Ty o g™ £ A Bac bortomed eyliadriesl metalic consioet 7
(6 Noin - o
thap, in Needle :
in diag

Followiog are

n dia

paving tbe
3.0 mm

[ : - b conical ends
hard steel peedle with appmx;m;reli'

A ;u'z.ighg hi h' 2 .- :eal

H <o , highl lished cylindrical, !

:‘egl-m'e"-’“’“’ as given in Figure 17.2. “The meedle s provided with 3342
s \f'hich'h is immovably fixed.
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——— —_— e rm——
T |
= T4 . PENETRATION
vi PENETRATION TEST 10N Test
. - ' s AN o ST
' M ] PSS &7 ity H o . - - - . : e ne 80 as (o mainain a FOI'Lﬂanl tEmPE’rilm' f' o) 103
({)\"ﬂ}m-bd‘h A wiier bath is maintained at 25 & 1°C containing not less than 10 litres of , (esting 2 ‘::majneﬂ- . i} . of25°C. Ty, 3L repeqieg o \
the. sample ‘is immersed to depth not less than 100 mm from the top and supported on 5 perfnrale::::r' he other A9 ATITY 18 ampl iy
not less than 50 mm from th bottom of thebath. - .~ . elf S g L L
"“(d) Pembtrometer-: It is an apparatus which. allpws_t.he needle ‘astembly of Bross weight 10g o, Re o, “jifference between the initial and final penetragicn vt o .
penetrate without. appreciable friction for the desired du;aum? of time, .Tl’e dial is accurately caliby o = 4 il of three consistent penetration meamrements iy Ryis rzkeu a3 e p",,,;“ﬁ&-v'll
\o give Bensiration value in:unitsiofione tepth of & mun, ., Electrically operated -“l“"'.m‘.‘klpﬁii'fréﬁfet‘eﬁl:‘ed il T pecibed by IST' that results of each measurement should gy s, o Lt PAEITi v, oy
also availdble.” ~Typical sketch d[.ne_:!éﬁoﬁe_t_egis‘IEEWB;“-"'EI_E'“TE-!7-.3'- TRV 3 Wiy e r'm'hub},l;ou'ghan the following : : tvary om u“"l!lnva]ug “Fﬂm:
s FTE - LG it s Sl 2 TR WRETT By, b T bove [50 o7 AT A S I Vg T2
i A I 0n A4 a0 ‘ : 7 ot L PR 5 abo B i . : [ S e
S T y S : o =y : Rt " Penetration grade - T Tmr——1wou0
1 S I | | P, e — — o Repeauatilipy -
{ : e ; : . 0—80 s o i
' fod - 2 . Percene,
j DAL Fon - " ) . 80—225 - " e
L MEASY ..
| i "-"_n.'ﬂ::" - xR . Above 225 7 percent
! ; AT L o = Discussion”™ ~ 77T : e N e
; g o STARY ol ) "." ; It may be noted thn'tqt‘henp‘»lern:el?ﬁon”value 'i influenced by any inaccuracy as regards ;
& I-‘igu're"”.l - Penetration Test Concept, Y e o) puuﬁng'iqm'[:;é}'a.mtré N i e T2
E s R R S (ii) size of needle it
}_ T CeE R ~ (i) weight;placed on;the: needle i
i gy Yea g i i ’ (iv)  test temperature v g " i .
; L : R - (v) duration of releasing the penetration needle .
! ot ‘ 1 glamrin Sl by - . y
vh i TROROA L e ‘ PR - Ituobwpus to obtain high values of penetration if the test temperature andfor weight (place over the
g T < L] ._11:}9&.‘0;1%_-;03‘ e i L:p;n.‘" : v". n'eedl,e)_ arefis increased. Higher pouring; temperatures :than that specified may result in hardeniog of
'""\_"Iﬁg = -{'_J’"“; S T P O DR . b““""n_ and may give lower penetration values, Higher test temperatures give considerably higher
et ‘-.:_4 2 L'_‘.,:;,mj =R Penetration values. The duration of releasing - the penetrationi needle should be exatly 503cs. Itisalo
e i -201025. %) R S e . & _ : "W;ury to keep. the needle élean before testing in order to)gef,-consistent results. The pesetration
* Figure 17,2 ~ Penewation Needle .~ - . Figure"17.3 Penetrometer needle should not be placed closer than 10 mm from the side of the dish. - -

. AFPlications of Penetration Test ) o o ‘ a!ow
marerial in terms of it
birumens -of different

:('e) ._Ij'r'i‘!};.f.'r}":irv YR i'l:_nin‘ﬁ-a:?! which tan keep the container fully immersed in water during the tet-

__kad:ﬂﬂranon test is the most commonly” adopted test on birumen to grade the

T O R y * . . esy; ‘UEPending-'u Z., - : f construction,
S s . e - 5 Sl RN v =il N Ay ] el pon _‘ﬂl!" l:hmauc condmun_ and -{ype o [«:] 0.
- The !bitumen -is.softened oz a-_’poun-"r;g; consistency ' between 75° . Penetraion grades s d:~80/100 bitumen denotbs that the penetraon value rnges bexw.eenﬂo l}fﬂm_ge
- temperahire at whick ‘bitumen softens, : The sample mat i .i;,- 1 o siriad wo make it homogenous The Penetra & Wed. " BOf11 A\ e oo nstruction in this country

Yy

be“?ee,n 20 anz-n221;a!u::or9£‘:?mq}'-’.'mh’ of  bitumen used in pavement °9 Tpdian Roads Congrest suggests
. . For bi

and free from air bubbles and: water. “The sample marerial'is thén poaret into the containers o a depth ! } i B esiams !
ub T z r 2 ' =
o , 5 ot in atmosphere o . bitumey o e mingus Tadcadam sad penerracin o pradesae preered 2
- least 15 more than-the expected penetration. The sample “containers are cooled in 3 Glge Brades 30/40, 6:(_)/70 and 80/i00. In warmer regions lower pener.raunu Fl _

peratur : o X : th -] St T
senperatue nol lower thau 13 C for one hour. Then they are placed in temperature _conurolled water - Tegions ?’ml.me;n“wilh‘ﬁrg"ﬁer penetration values are used.

3L 2 temperawure ofﬂ‘s‘!\f;l_‘_fg 2 period of one bour. L S . g’ e uader
The sample container is placed in the tcansfer ray with water from the water bath and place ional
_the needle of the peneromerer. The. weigh1 of nieedle, shafi and additionial weight are checked- Tl:;{ 2nd

ency r malend! e C tback or 31y
aterials ike cu
i hate the consisten! of softe

Usua] } Lo, : PP f.
Y graded by a viscosity testin an orifice viscomet® e in 0 0

The 1.4 = o
ol 2420 Standirds Institution has clasified paving bR V5 % joh u A

31X ¢a . . . des designat
from 2 tegories depending on the penetration values. Gra s s

0&590”200&-5—250

1y into B¢
35) art

weight of this asembly should be 100 g. - Using 1bé adjistity screw, he needle assembly is Jowe
the tip of the needle it made to just touch the 10p surface of the sample; the needle assembly i '-:h"pj o
_in_this position. i The “comact ‘of -'the'tiﬁ of thedpedle is checked using 1be mil:rp; placed on @ﬂ re:dms
the needle. The. imiial zeading of the Penewometer dialis eit.hér.lﬂj-.n;ted'.@un; or the initial I°* ing
it taken befors releasing the necdle: The needle is released exactly for 2 period of, 5.0 'Eﬁ"b-J.Prm le
X kl::ob and the final reading is 1aken on the dial. At least three me’ﬂ'—_“'“;ma"“'ué made an this n
by testing v disuance of not less than 10 nm apan, Afic ¢ necdle is discogeged 229 -
with benzene ang carefully d + Afier ench tes: the mecdle is g ore DF

ried. The sample container is also trans, erred in the water bsth

tra

e ti
0
\nm"“{-m“’m 30140 | 40t050 | e

Folenm 2nd those designated ‘S’ (such as 35) are fro
M ) =2sH 1A o "
P 1 A2 [Assgs35|A4&SHIA - l 17502
1 gowo 100 |

J
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"..._I“,‘!.“,‘,",‘ _Eilga:n‘qn_rlﬂ)r\lal'gll‘l'tfq$ for Testing ;I‘?; ,nd Bitumen, Determinatio
.. ;v Indign Stgndards, Insfitution, b £ T i
2 Disgmy@gm_gto,nd"gpnsl'tly;:‘cilqh‘, Durmah /ﬁ’r: R VRO ukiney el oy, '
8. Asphalt, ESSO A TR D '
4. Dituminous Matorinls in Rond Construction, D.S.LR. nilo
k ) DSLR., H.M.5.0., Londes L
oy Recommendod Prn.c;l‘lgu for Bllty‘mlnoul Ponetration hv;ncndnm, ﬁuno?;i::u-
6. Indian Standard chcl{icntloh for Paving Bitumen,-1§ : 78.196 )
T I |‘|'l’| .7 . l“,'..._

©r S L A —

D i ; ' P me iTHE
'wh']'\:r; dvive b g el el o PENE'I:RAT:ZON 'FEST
" ‘ ol 'l. oo NAAIY oy 15 0y
REFERENCES T

[ OO TATTPEP R nn?.‘.l_:,l:e‘nm::“ion; IS”»‘ iém
VRl : h

Uil

VWP AT ne '
Jrtsnrnam by otusay oy o ( W
: s= N NG By, )

G

»

rout); Jndian R .
TRy Al Lk Ew] °ndr cﬂ"pﬂi
l‘,) Inaﬁan Standard, Institution,

oy ' ' B
- : i ‘i“'
'_ l'. ,‘\ oy LN ey
7 PROBLEME - - e o
.w;wtin punluirn'tloh vn]uu:oi‘bituménampr&lud.h-m.:m u ol o] it { N ‘:
int aro tho standard lond, timé and temperatura s ocified Ot 1o o ha
Briefly outline the panetration test procedure, LA roﬂw’:’ﬁ??ﬂ?ﬂ'ﬂ"nf".'.". q ¢
Whant do you underestand by 00/100 bitumen ? : M i &
Whnt are the effocts of : (i) higher 1am temperatilrs (1) higher pouring tl!mp;rnlu;'e
. (ili) oxposed bitun':en,ox_xppenu:rndon'tnmrolulu. S
alby g oL iy nily LV HEREDI Y o Wit (1 -
W etalg) e Coaah i o b gl i ) ' '
wrahain o uesy ' b HIH I; 4 oo M ,](1 v sigid lispda o) sl -
I Jralitean e ] ,« OBSERIVQTIGN SHEET‘ ““rj (TINEIE B CREe e\ (alhaag
' TR s g aei o AN frobatiagoy qewo! el .
Lo 5 ' i [yl v veovnm b Ay
‘ v ;;r- (UL ST TS ‘rRIFP{F‘.TMTIPM. STiexala o l.m?l-:::l' ek . -l e

(' POy Temperaturs;°Q) oban <f Lol veagglad ppelh sy g, -- o 0 igrass

(i) Perlod of cooling Inatmosplieroj minbites 1 mus 07 modrao: . foe o ! FI- Froelivar

(ilf) Room temporature, °C - ST o

(lv) Poriod of cooling in water bath, minutes e 'l mofranin W 4wt o ?

Remarks

(%) Astual gesc 0 ‘
ho btk ] “m t:mpnr“tu.:’.u'c‘ HD e, 1'“1',"‘116.!I|I\”’”ﬂ‘ LY | I UTONE TR S PR TRM R TRET
e [T PR " :,' Sample No, . ' Sample No.
" - Rondings oo el Tt [T | Metf | Tost | “Tost ™ [+Tést™ | Mean
[ - : . b . 1 AR AR TET A P R 1y uasidl 1lt : Jeaa - | “value
i . 1 pah DR B \, n ..'-12a i :;..kg,_i Vﬂl'l;ld H ¢ -.I1-,3| il
‘ : | a ':i T [EH IS TR Ty
3 T e R 1y dan e 1
Penetrometer dial reading (i )iinitinl | ’ woiion o by ‘ " g ;
7 { e 1 1 (% _ . A V ' i
. ; . (I i) ﬁnn! -7 ‘ . ] } n 'C ! . v 1
Pénctration value - lh " .‘ T SHRETN” BRI LR eY: (ITST
. v ; e Mt aodk macglain po @ gnd 4
Repeatablihy, pereeny PRENe i A TR b i) T bafeendseds oot bl mon s o
. o e i I ]

Mcan Pmul}llihn value m -

r
[

“gha the 2
"ﬁprbv!qg tho phy?
Juatility ﬁquld cra

I.P,uptl-r'tjﬂn
"bimumens, o
T (b ‘Bloumien may satisly the’ penciration valtte, bt may- fail 1o satisfy the ducility requiremenis
Bilumen paving engineer would howeVer Wantthit bolh test requirements are saisfied in the field jnl'u‘
Penerrarion or dueddlity ccan not In any.case roplnceeach other. The ductility is expressed as the disance
in tentimeters to! which & standard briquette.of bitumey.can be streiched before the thread breaks, The
15t Is conducted . at27 4 0.5°C and a .rrm.o,,uf,\pl,gll. of 50 4 2.4 mm per minute. | The, test has been

nandardized by the TSI, The ductility test concept Is shown in Figure 18.1.

Apparatus ;

1 A i i
ToWel or putty knife sharpened on end.and ductility machine. Followin
Rt the 151 for the above jtems ; |

:' R ) o Ductility Tegt

\TROPUGTION. = g oy

2 mcvﬂex‘ible_.P“"cm?m con;.rruhtlion where bitumen binders are uu-;d, it i of significan §
(T binders form ductile thin films around. the aggregates, This serves ay 4 s o
\ the ho physicnl interlocking-of tho aggregates.  The binder material whigh doey L,;,Eu_ol w:u’;
#kJ!lLthw;m.!@.".Rcr!iUIUF.P}LVEWP.';[ surface:  Thisin turn reslys in :‘:”""":“:‘Eﬂfﬂi
i Pm}gmcnl"‘m.‘““rc' ".1( has bnnn stated by some .agencies that the ‘Penetration ::dgl:gu;ﬁm- |
I'go together ; but’depending' upon ‘the ehiemical composition nnd the 1YPe of crude source arluI:

lometigies i has' beén obseFved hitit' the ‘abiove starément it incorrect, Ttimay hence be mentioned

t

o (T |

M —-—-!
! OVETIMTY ¢ -

START *

—— DITUMEN —— . Wl T Yo~ —
i, OREAK . A . 'ﬁ?’;rl-o-z_.r

; Ent,
PO ik 7 ool wiavealln
Figure 18.1 Duetility Test Concept

Ve hi b ll"iﬂurc"l!}ﬂ Briqlete Mould .

(briquetre) moulds water bath square-¢nd

g are standard specificarions 2

The duclllir): test apparatus consists of items like’ sample

i asindicated in Figure
bl [ the tesiing

"L, P TETane s e R O] . L ode s lf
(@) Brigueire mould : Mould js made of brass metal with ’h“i:;“und movable ends ©

lag, i
Bath ends called clips possess circular holes 10 gnp the ﬁhr- following dimensions i

iy ¢ ; -
o l:. lm.. Side pieces when placed toguther form the briquetteof 1
=1y LEﬂth' oomnl § yat " 75 m -
s '_Dili'incn' between'clips :g ﬁ: ‘
‘ Widih at mouthof clip 10 mm ~ 1000 . pand
o Ifb) . Crod seetion dit minimum width stnt 1emperaer w:m":; o
i I \ L ] - i f i ; " ’
ullns 4 CUClility macking {1y 3¢ cquiptsént Which ‘functions 3¢ ST g and 11
¢ NE devieg g 4 preealibraed rate. 1 he centfal rod of he machin 1®

103 . |
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sy~ Increase in, minimum €ross section of 10

Als. - " . DUCTILITY TEST
106 - : .

:y!mn pravides movement (o one end where the clip is fixed during initial placemens,
jis hocﬂ:ed.ar, FT erd("nd oF tlie machine. Two clips are thus pulled aparc borizontaly

50 = .Smm'p ¢ tinute: The machine rnay have provision to fix o or me
hesc specimens simultaneously. .

C g
Yntnu

e IR 101y,

_ Procedure

The biumen sample is melted to.a temperature of 73 to 100°C above,the ﬂPPronmn&e

unel it'is Auid:"” n-:s !xmned through IS siéve 30, pourediin the;mould; ,2assembly _and Plac:;&mm Do
-'plate, dfter 4 mlutmn nf‘ glyunneaand dexarine is applied.at all surfaces of 1he mould elpmcd ‘“‘ bry
!iThirty 1g (‘orty'mulufd ‘after thie  sample sisipoured into. "r_he. mmaulds, , the. pl-me assembly 5!, lo hl

“samnple is placed'In' water bath mnmmned at 275G, for-30,minutes. 3 Thq sample “and “mould s ongw h"‘h Lz

¢ femoved from' water “bath!.and’ excess bnu'men material i§ cut off by lavellmg lhe s'urfnce ual._ h"ur =
- After tritiming'the specimen, the mould- membly containing sample ;is replaced in, water halhi 't"lm
:t 27°Ct for' 85 10 93 mmut_es_ T 'I3ha isides; or.thg mmould,are now: remoyed and the CllPl ar,e [= 2intajny |
‘omthe mnchmg ‘without causing any initial straid. ., Two or,more specimens ma.y be Ptepare

n:nd cllppzd to the'machine so as;to nnndun:whpse !tsts simultaneously.. .

|
a'ﬂ: "Y hmhd ‘ |

d in ﬂu mould

" The! pmrﬂ:er 56t 10+ réad, Zhro. "I'he machme iis" started:and the two chps arn :hu, pul] d A
'Lomontnlly thle e té4ti5n’ upehnon it'is chec‘ked whiether the- SamPle isimmersed in water, . ;wn
of. at Teast 10'mm.. The- duia.nice at wh:ch the bilumen thréad of each-specimen breaks, o

81 iisrot T Fi !
:nraponnsducnhtyvn.lue LAt 1§ nd aworly o) 0y R ez vl a

reilitanty M s

e Mouldy 4, :: Tpeyy |

T

_ Results

The dm:uu:e !;retched 1"by" the «mgving énd of the sE cimen u?to the pol.nt 6[‘ brl:lkmg of ‘thread
measured in ce’nnmeleuu recorded asdu\cul:ty value. I: is recommenddﬂ by ISI t.hat teat fetulu should
not differ fmm em va.l e‘by ‘more than'the following : - g 4 s 2

Rspea:ablﬁry -
Repmduclblhly

RO e mited ! "y tinn

‘.5 percent 5 R U LI
10 percent

R s |

B e R |

e

T
Discassion — " . -

The dueullty vall,l;igef,a sqnnuuly affected if any of the I'ollowmg factor: are varied :
(i) pouring temperature S - LR R
(i) 'd'imensiom of briquette _

u(m) improper level of bnq,qutg placemen;l b aTtiedas mis

vis recorded(m oy |

#(iv) ~rest-temperature ; - 3 % | pe o
(v} rate ol‘pullmg PR DR, Qi 0 DEWDQINGE SR {71 T L

1wl
) 3. mm a.ncl merease in test temperature would recordmm

LS [ T 0w

.- ductility vnlue’ :

" LA s A L F ‘s A -.-=.- Py s e N y by !

Applications oEDul:nlit‘y Test b le et 1,,4”!. o r. '_; - R -

et} Vo b ) "

ch & seeuln gilavniita d“ml‘f?“ﬂecassarv for a' bitumen binder. This is because Df the lemplﬂ’:y

{m;iel’n‘: the bituminous mixés and the repeated déformations that océur in flexible pavements 4% |[I; i
aek: - IF the bitumen has low ductility value, thé bituminous pavement may crack, espec?

cold weather, 4

L4
the tinimum ¢ he ity vaTués of bicumen vary from'5 to over 100.. Several agencies bav® *

uctility values for various t B d“c“m ‘
. yPes of bituminous a"mm‘ Often s, e
of 50 cm i3 wpecified for bitumingus jconstruction. . -, ? i -
The minimum duetilir b T . Standaed i rafl

ty values specifi Tor vanﬂ
bitumen :vm.lnblrmlnd:a are given bflzw-ed i lhe Indx“ P [mmunon

DUCTILITY TEST

Lir]

“Source of paving biwmen Migimum duerility

and penelrauon grade ol o

jaiv X }\gam petroleum A 25 s

' g : A33 .

2 A4 1

- - T A6, A90 & A200 s

A——'"_'_-—-__i -
Bitumen from .!ources other - .. ., . | ]

o " |ban Assam_ Pewoleum S35 . _ . 5

u O 545,5658&890 -7, _ p
W g s e i :
= P v > 'REFERENGES

d: Smndard Methodn for Testmg Tar and B:tumen, Delermmanon of Dueiility, 1S : 1203,
]n an % :
smd'ard' Irulllullan
2 B]mmmous Road Constructwn Burmaix She!l
1, ,Bituminous Mntenals m nad Cnns:rucuon, D S.LR., HM.5.0., London.
;. Ingian Standard Specifcation 'for, Paying Bitumen, Is 731961, Indion Stenderds Insici

PRDBLEMS

Bxplain ducnhry of Bitumen-and its r:g-ruﬁcauce-:
How it duetility value expressed ?

. Outlipe the duculny test procedure. .

. What is the minimum area of cross section of the ducuh:y rpccunen ?

. ‘Wha are the precautions to be taken while finding the dur.ulu:y value ?
. What are the factors affecting Lhe ducul:ty test re;ulu ?

R

e OBSERVATION SHEET
o DUGTILI.TY TEST
{i) - Grade of bitumen ;
(ii) Pouring temperature,'°C
(iii) ‘Test temperature, °C
(v} Periods of cooling, minutes | '
o (a) inoair ="
®) in water bath bel’ure tnmm:ng =
() in water bath afier trimming. =

Fy : e an

i

Briquete Number ____—— Mean vale

e ,(‘5) ' I . (i), M

S

ar
Test Properiy

y } Ducuhw valuc (cm)

% Rupcalablhty perceht

REpmducxbxhn percent
nem.ﬂ‘s

/
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INTRODUCTION o SRR

Bitumen does notsuddenly change from- salid-to- quuljd-.stafe,;h\;: ‘as the temperagyre ; .
gradually becomes sofier until i_r.‘ Aows ‘re_ldily. WAl snm_i:sb_lid--ﬂ’a‘&. b‘ip.'lmen grades need wfﬁl?mm" i
b;fnre they are used for :gppli_c'a.i_ion with the aggregate mix. \‘Forﬂ,_., Phi—béae“]ihum‘!n - soc:en.t fuig; |
back with a solvent like _lﬂl:eh'e.' The common Ef“t'ff‘“'f --rf'_oweve.--:i, 6 liquify the himme:;eumu.
The softening: poiif is the temperature at which the substance “anains patticular degree of ey

7 ety
softening uag,

specified condition of test. For bitumen, il usually Zdetermiined by Ring and Ball T
A - PR A and B N i
congaining the test sample of biumed s suspended in liquid like. water o giycerine at 4 given tmperg?

450 () 3 R e e S T T T Pk e
A steel ball is placed upon the bitumen apd liquid medivm i ther h‘e‘a‘?é‘ /

terperature ac which the softened birumen touches the metal plate placed at 4 spec

L

s 5 = e 7 - IR S Tt efi_:d;ﬂinc-'e b-i‘iswlb |
ring is recorded as the softening point of ‘a ; particular . The' . apparatss “dnd test hricsdie the
ssndardited IS It &3 obyious hat Bardss: gads hitin s iigher “sofiening Poit thin'y
grade bitumens. ' The concept of determining the softening ‘point by. ring and ball appattas il';h-,;“t'-"

R X T L in

+ Figure 19.1. . ‘ et & TS T ety

,‘ {a) Steel Balls : They are two'in number. - Each has a éianﬁe'r of 9.5 mm and \;\reig-hs 2.54 058

£ C L Lo S gahiagyic s vesaad T T I

. (¥) Brass Rings : There are two rings of the following dimepsions s~ - :

TR e e e e e T
o, g 17 e

Insidé diarmeter

4mm  —Inside diameter at top
Brasd iir s C bottom: "~ ~15.9mm - Outside diameter
;- ST MNg3 are also placed _.“.i"_“lfa_", guided s shown iﬁ‘ﬁgﬂ;e e e
_ f:i Supbort : The metallic support is used for placing pair of rings, !
o Sot i B AT ,
be b:::pe; ’:_'ﬁ‘:e of e Tings is adjusted 1o be 50 mm below the surface of water or liquid conta!®
support is provid T between the bottom .of the rings and top surface of .the bortom plaee
provided: It l?la:a housing for a suitable tharmometsr, . _ L

17.5 m2
J 20,6 m@

S TRONT

‘
in t

RIS [ S it e SRR

ecified fats The

. ofwater is raited at uniform “raté of 5°C_per minute with a controlled heating uait,

It consists of Ring and :'Ba'll-aﬁpanm's.' 2% S i et fal

SOFTENING POINT TEST

=

T3 DusgTEn 13 g
4 [/ HIEHTU (4990 ¢ g ey
’ﬁ_’: LARCER Tran¥y vy -

PLAC
CEWTERME v 5:‘:?1_ Fr

b :
- % 4 145107 0 -
SkF auow ron o L w1 ¢ peT3g
rased "?‘Enw"." 14 MOLDINE MM
- il 4
ahe g S ) s THREE Coustir suepy L 3
. .- 'l : .M”, R L - _;Emt'-.:gu:s BLrwine
il '3 '_I & 2y i <l
e . R gsai L L
5 b P ~=T1
- : 208208 . ... .
4 oo+ oFigure 19:2 ..Ring and Ball Guides
(o) Btk and stirrer © A heat reistant glass container of 85 mm diameter 206 120 == dens s s

 liquid is water for fhaterial ‘Bavifig solteriing point below 80°Cand glycerine for sty
Blreni:; poini .above 80°C. ~Mechanical  stirrér—is- used - for-ensuring uniform heat diswibetion 2 17 s
soft A 3 _
througbout the bath.

Procedure g -__ af L o ;e

Sample material is I;Eg:le_?id_ll'o a temperature between 75 and I_DG'G above the aprroxisate sfemty
paiﬁt-uu;til itiscompletely fluid and is poured in heated rings placed on meral plare.  To zvesd mcir
of the birumen to metal plate, coating is done to this with a solution of glycerine axd dexine. A%z
cooling the rings in air for 30 :E.i.ggiu, the excess bitumen is trimmed and rings ar= placed i:x-E: e
tem. (c) above. .. At this time the temperature of duul]m w.xt.e.ri: e 70 T
minutes after which the balls are placed in posidoa. The te=perzoe

and] the Hemen

the Sem—en

as discussed in it :
temperature i3 maintained fgg '_|1_§
softens and touches the .bortom. plate.by sinking of balls. At least .owo c-nbstn'-‘lrfau x.-e.z:':._ ::v
material whose softening poidt is: above 80°C, glycerine is used as aheating meditm aad the £

temperature is 35°C imt\ead'of 5°C. -
Resnlt

The temperature at the instant when each of the ball and sample touches i
iirecorded a3 softening value.. The mean of duplicaté determinations 2t ?md,'] bheervations by mor
the mean value of the softening . point (temperature) does  not differ from individual o ’
than the hﬂo#iﬁf illr;nllé dEiva Rl R : ’

bottom platz ef sappert
It is essentiathat

L ‘ ' ’ decibility
- Softening point- . - -~ Repeatability Rupre: ::“
¢
Below °c, .. - ) 2°C 00
-30°C to 80°C I 1°C £C
L R L S . T A
Above “80°C 2°C
Dincngsioy ;
on :
: . discussed above 3¢
i ; . . specifications discUs’ .
Avin the other physical tests on bitumens, it is ess:ntial that the ’;::shr result considerably =

ri .
U observe, Paricularly, any variation id the following point would 2
(i) ;

i)

qu:}lily and type of liquid

"‘fught of bally

distance betweén bottom of riﬁg and bottom base plate
Fate of heating, ° ' 7
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CES T TR0 1w

e AT i
SOFTENING POINT TEST 2 gl t

110
Impurity in water or g]y;trrmghas ‘béen observed to affect the result considerably. 1, it Togical

abserve lower softening point if the weight g{;_f;‘alls__it excessive, On the other hand, increased dillnn:

between bottom of ring and* bottom plate increases r.ﬁe;’a&ening pnir/;j.. o e

A'ppl'h‘:ltlo‘n of Softening Point Test - . "\ .~ priner ¥

Softening point iy essentially. thg_gppnpcratum.at:whihh the bituminous binders have an equal viscogiy .

The softening point of a tar i¥"therefore.felared to the equiviscous tempiratuye (. v. 1.), The softening poin,

" found by the ring and ball apparatus is approximately 20°C lower than.th

Softening point, ‘thus givea an idea of .the temperatura..at Which the bitiminous materia] attaing
cersain viscosity. Bitumen with highersofiening poincinay be preferfed in warmer place. Softening poin,
is also sometimes ysed to specif}r, ha'rcl bitumens and pitches, - - . .

G T A TG e e T R0 RS s IV ¥ a . hoait 1. i -

for .va;'iégu grades of

(R T N IC o

¥
“bitumen are:given below ! iz - vond g teao

¥+ The ranges.of softening poini: specified ;i:yl-thg JIndian. _Standag;ds ‘Institution

vl

Bituthen Grades - .Softening point, °C e et

B :-m) A XA nss:t-qu?ﬂ:_i ui

Tow Dogm BiGEL o
T T e i s Yo
T M0te s T

35650 7

L R TTE

irgs =

¥ S EUNET. B S P P 3
L B0 iogs :

- . - ot L e iny Yt il - Al - r
an iTed L T riald T T T b =15, L . 3
ke, . * 'A”denctes'bilumén from'Atsam Petrolent-and !'S"amnté'binmmn from * ! ]
¥ ‘i woufrcesCofber ' than ifrom ‘AmansPetroloum. % Alo see Table under.’, .. - - ara

| “‘Applications of penetration rest’. cew et R e VI R g L
= Y.

e isey 3
[22 | IS R TR, S O (i A s i % isen 5ty B Tt
Standard: of Testing Tacand Bitumids’s9 Determiination of ‘Softening Poigt, 1S : 120
Indian Standerds Institution. o e P . PRI 5tk N
2. Bituminous Road Consiruction, Burmeh SEL % % : Cat e

(.l. Bimmi.nnusl'l\di)?e'_ﬁaﬁﬂ Road Construction, BS}R, H.M.$.0., London.
4. Indian Standard Specification for Paving Bitumen, 1S : 73, 1961, Jndian Standards Institutien.

‘ Fais VT e s v PROBLEMS' -, i 0o o
I What s softening poini ? - : bis
2. What does softening poing of ivumic . . % s
- hat does sofrening Point of bituminous marerials indicare ?
= What are the applications of ring aﬂdbaill(sl-;c;:i;c;j Plteyar Jo roaind e adn
4. W : il h

hat are the facrors which, aflect the fing and ball test resulis ?
! 53

“A

> *
OBSERVATION SHEET
I
lJ" SOFTENING POINT TEST
de - =
: ymen §73 2 A e
I}’«‘:wxi ~ te -;oﬂ_enmE point P LY o '-‘-'l’
) 18P (e L = waté i
B s
(’.:I; period of air- cooling, minutes ) >
E:; period of cooling in water bath, minutes = -
pate of ff;"f“f A o i
’ T T B T 23 artd iR 1 e i
P °Cyy,- Ti i ! :
< Tiime, miutes 2P “_.'I'gmperatque_, C‘“,- . ime minutes Temperarure °C
= ] H H 11 -
) s, | 12, -
i o ?-: | 13
! 15
16
[ O [ ‘I‘ A
) S (] ”’
= =) nrovoe 18
7 . 19
. 8 20
9 . -
_.A tiaf 10-_..,A frn - ; “ —
—— - - o
DG L 1 Rt g
_ Observafion . e . .
' ¢ orie i SMPIEvno.. 1 ;___jfEMl—z.—-—-‘f Mean valez,
o Test i’mp vie, T Ball no. Softening point
: L&t Proper : . C e
. R T, . i o ‘Ball na. @ | o ii L
\\‘_— . 1) e —'__.__"______-—--——' !
Temper, . .
tun Hc . £
fmpla touch a s
. ches bottom plate e
S e p —
- i z —T . |
Peatabiliyy R d /
4 5 :
e . ; | .
Produciiy 1 L
o
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S SHEE &

INTRODUCTION o

The density of a bitumen binder is 2 fundamental property frequently used as an aid in "‘“ﬂf)nng the

. _binders forsuse in paving jobs. ~In_ ‘most_applications, the bitumen is weighed, but finally iy use wiyy

aggregate system, the birumen content is m""m'd on volume 5“;“- “Thus a5 acturae “density vaty, 4

requ:red for conversion of weight fo Volume.” The spemﬁc ‘gravity’ is-‘greaily influenced: by the . chemiea)

“composition of. bindér, ~ Increased amounts-of aromatic-type -compounds . cause_an_ Jn_m“e in the tpecite
gravity. The Test procedurs have been nandardlzed by the ISI.

The specific grnmy js defined by ISI as the ratio of the mass- of ar gwen volume o.l‘ the bituminoys
material tn the mas of an equa] volume ol‘ wmer, the lemperamre of bur.h being specified as 27°C:|:0 Ic.

Appantus .

There are two meihods {i)- Pyluomeler mezhod (ii) Balance method. For pyknometer method, the.
‘apparatus are specific gravity bottle of 50 ml capacmf , ordinary capillary type with 6 mm diameter peck or _

.wide mouthed capillary type boitle with™ 23 mni diameter - neck  can be used. - For balance method an
analytical balance equlp'ped with a pan srraddle is uued R 5 2

¥

Procedure
Method 1 (Pyknomdﬂ me!hod'}
_The spen.ﬁc gravny botile .is cleaned, dned and welghed alongwn.h the nopper Itis filled with

R

v

fresh distilled water, stopper placed and the. lamaxs'kept m-water—oomarner for—at-least “half an hourat

temperature 27°C4.0.2°C. * The bottle is then removed a.m:l clemed fmm outside. The specific gravity
borule containing disiilled water is now weighed. y '

.2 The bitum_lnous mat-e-ﬁ;]——xs heated 16 a, Youring 1emperalure and if poured in the above empty ! battle
1akmg all the; precnuuons th t_if‘:?clean amd drybrf‘m ﬁ]]mg sample materials, .- The_marterial is filled

- 'upro the half 1a]nng care 16 prevem entrv bf-air buhh]e:;fi'-‘ro_ Permit ‘an escape of air bubbles, the sample

srrbolttle rds-allowed 1o stand foi hdlf an hour‘ at suitable  temperature cooled to 27°C apd then welghpd The

} {emnnpmg sPate in'the specific - gavity boule is- ﬁ[]ed th distill- d watef a1 27"C stopper Phcpd and is
_Placed in water container- ar27°C -The bo[ﬂ.(\_.wn[a"“ng bltummuuu:natenal and_remaining waler

_ is removed, c]eaned from outside and is agam weighed, | -
Method 2. | (Bnlnm mc.r!md) S| xs e

) DILITT 0T

I balance” mplhod the—bitumen tesi- spp;;men -is cube. .shaprd about 12 mm on
prepared by pouring’ the hqu:ﬁrd bitumen sample in brass mould 1o provide the sample Dr"q'""

dlme:mun and s _eooled. -The sample is weighed in 2ir and is then welghccﬁn distilled water maint#ine
a1 27°C 1 0. |6C10 I'Epnearerlnlmq_ﬁ Ky )

—_——— e .

!x is

«d

Calculation

The specific graviiy of the 'bixumi:.f.\::'s maitrial js caléulaicd as follows = -

112

- _ﬁoke-nvm tars

SPECIFIC GRAVITY TEST FOR EITUMp:

4"
der mtlfln
fi) P"k.m weight - of'bitumﬂ-ngus marerial (c—a)

grawlY welghl of equ.ll volume of water at 27°C - (_b:':‘—{-d——c_
Yay wught of the spec:.ﬁc gravity bottle
b =__wﬂght,or the specific gravity.-bortle filled with disilled wraer
o= wught of the spec:ﬁc 8"“’“7 bottle about balf flled with birg= -~

d= wﬂghl of, lhe spec;ﬁc grzv“y bottle about half P o
test wlth distilled water. d e

- ngciﬁc

' (i) Blai.anze_ Method

: specirﬁc Gravity = ke—fk EpTIVETE MO CTART T 0T

here. ™
v e = weight of the dry lpecunen

f = weight-of the s-pem.men when u:nmeaed in d.;m'l!ed water.

n,.cusnmn

i “Tf. (s necessary' tha: ’1!]. preCa i
and dried in the first Welgvh The surfzce ol‘ “The specific graviry bortle should be ciesaed &y zier

ﬁ_[li.'ﬁg g with w wmer, ‘béforé weighing.  The test temperarure should be firmly adbezd 0. I=»
“balance would never give reprodumble resu‘!ts At least three measurements shoald be made i=

determining value ‘of the specific gravity. _

The specific gravnty of all types of b:rum:nous materials could be determined by the rrizome=
method. - However only the bitumen which is in semi-solid scate at27°C can be tested by e balanc
‘methed. If_the_bituminous materjal_is in liquid_form at 27°C, the specific gravity may be fe=d 7 ¢
pvknomemr me‘j‘“d b)!.f-ornplexery filling the specific gravity bottle with the Tiquid marerial

A?Pl":'t“"“ of Speuﬁc Gﬂvlty Test on Bituminons Mneruls

0 a"?—m

A lL"'C'WIEdge“0'"‘h!'.‘-<:t'.nrwetsl--sper;n’.c. grav:lkof _bitumninous materials have mmm,,m“ b m—

Flm 10 convert the_ specified bitumen content by. weight to volume basis when meﬂhnun e

volume. Here it is neeessary 10 kno“ the coefficient of-expansion or the specfic gr .5
1Emperamres . -

....-.-__-..,__ —— -

. . S birmmen

! Second I.he EPEClﬁc ﬁravuy ;;G;fu] |-o ;|denuﬁ) 1|1e sourcc of a bmnmnous bb:::::_] ::n; -

b:sua specific. gravity in the range 0.97 to 1.02. (Higher p-netrlllcn m‘:i:nmm  eral imp

thy men bave ‘lower range of sprcific gravity values). In casn the bitmen of mineral impent 1

.! Specific avity will be higher. Thus it is possible for a qualnlme estimation e ed e heir
g The specifc gravity of -tars depends on the type of carbonisation Procs

ey 3 . I- n‘-'P‘“" and
Productiz,: a5 horizontal
icifor, ‘J"”"CEI-rElon 1ars have a speeific gravity rang” 110w 1. lo:;“hefr;.xummm Ne. 23
ble 23.3 0
have values in the range 1. 18 o 1.2, (also please see Ta ¢ bumed
90 and

ific gravity values of pav Ir::|
d § 65 UfoorAUOm e
7 'App]u:au

dor Expeniment * No. I

nl g “I]::I‘l:n Slandafos Institution specifies that the minimum spect
U0 ¢ 094 for grades A 25, A 35, A 45, A 65,5 35,5 43, an

A
of pen 200 and § 200. (For classifications of bitumen, sec Table un
1r, Talion ll!sl J .

>
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TP . SPECIFIC GRAVITY TEST FOR BITUMEN : :
el 3 ; PSRN TR T REFERENCES '_|, IR ‘ Plaz ~ ‘
1. ‘Indian Standard Methods for Tesung Tar and Bitumen : Demrm'“uon g L ‘ e 1 L , 2'
_Jndian Standard Institution. ) PPecific Gpyy,; e % iz ) e '
2. Biwminous Materialsin Road Canslrucuon,'b HMS 0 D Lawisr avity, 15, Iy A '
3. Indian Standards Specification for Pavm bi I | i i ‘s s v
, g lluu:en Hg. , 61 Ina‘mn -handard: !”"""‘to,. Hir o . : : - VISCUSIty Test
e boalllsdes dter o4 TPEOBLEMS St e s . ) v .,‘_“;- . e g e 7_____,‘-»' - I ] . .
Explmn the :w;:-mgtﬁbd: 6!' Em:fmg Specific gravity oLbita ) ri 1 P 2 co o e .
'2."' What precautions shnuld be cakén wh.:le finding d?; 's| 'l;mmoug mnthah : | "'ro;‘U_/U—;l.ON . 1l et € S L '
3. What are the applic € peci 95“"“‘7’ gt e ! m'll de ﬁned as inverse of ‘Huidity. Viscosity thus defines the fiuid Pproperty of bitum;
: pplications of specific gravity test resulis? " - T et : " yiscosity 1 at the application tempera ty i 7.5 Woomiaom
3 . i " The degree of Auidity PP . A lP rature greatly influences the abily of birgm;
. : poterial: etrate into the voids-and also coat the aggregates and
OBSERV : " i read, pen gregates and hence affecss the stren
ATIO.N SHEET N ﬂeﬂﬂ] t0-5Pe emiting paving mlxes H:gh or low fluidity at mixing a X
Za _  _SPECIFIC GRAVITY. : 3 istics of the 7esplting P o € a0d compaction bas bees
(i) Bitum d -TEST FOR BITUMEN .- e e ttd o result in lower stability values There s an ‘opnmum value of ﬂmdll""o'rvucosm[armt
o engrade = - . : - g — - bser":n acting for each aggTegate. gradauon of the m1x and birumen grade. At high fluidity or Jow
‘ . Test temperature = » - - Gl Gee o and EOWPGhE biruminous binder sunply "lubncal.e;" (hc aggregate particles instead of providing an niferm
A. Pyknometer l\ﬂ'ﬂ{.’, ;i ¢l rnizag et qn; ‘ : ) ;’Iﬂw‘mm for binding action. S;mﬂar]y, lpw ﬂu:dny or]ng'h viscosity does not enable the bitumen 10
5 ‘s con the entire surface of aggregates in, the mix ea.nly and also resists the compactive efiort and the
nghz of- We:ghl oE Wi — x is-hetrogeneous in characler pxhnbmng low ::ablluy valites. The ISI specifies a 1ot proced
- - . Yesulting mi ure
S:mp!e .No... n ! bottle;g » bottle 4 fr |11 ib Otetllgehrf I‘:ﬂ‘gl:‘ln]ltl ::If bottle 4 f e L for liquid binders Like cutback bitumen, amu]smn and iugmd tar. One of ‘the methods by which viscosiry is
—Fu:_,: 369 Wlamts 20 ; d\:.;:lel:dg" ) l;'llfﬁlled + rhsneed":::f::-dé . »sPEdﬂC_gﬂﬁq mepsured is by determining the time :aken by 50 CC- of the maunal to flow from a cup through specified
b i e an e aterial, 5 i 2 . h orifice at a given temperature. This is :llusrrated in F:gure '21.1,” In the range of cqnsistency of bituminous
: " Taon e TS “- : R .————,—___‘_ materials when nelther onﬁcc vzsfumeter test nor penetration test could be conducted, foal test may be
X ' Jaron e [T —— cirried out. Equlpment 'm_g ;lldmg plate m;cmvlscomeier, and Brookfield viscometer are however in use
2 . = (AR BT Y. T PP PEC PR o " 4 .
sl i mmprrieaen g ey, Sig i . . s e T U LR LR T8 srn B8y bt i "
g e o ,’ o 3 i ki wagieigad s T I T R P svis], s i ‘ ', 1 o /:".lﬁ.s;‘o’m‘w?v
fomiy Lo Laibea)s iieerdng wy ot dlide Ta " RECA LR o 0V Gdy Lo ol Binad ' m:nmnmqu . SULATED HANTLL
Tttty by e vyera kL ) (.0 T af q ' c e {
: : Y h o A = 3
w T J," Bl sty drie 185, wabie v — 1 - - - . . i L] 3 ™ . . .
S > AR A T_:.‘..- Avenge' value rm e way ! v B K
B n‘l_“‘e Ma’ﬂlod s Tl BEGAL NG 0 S POy (T I e T \E W o At g i
" SampleNo, Welzhto{‘d : = S : 4 o T
! o W) [ Slmple l'y ; We!ght Of"mphmdunned - '! g i e 1 Bt g .. . : ' -
—_— CosTuiwalar, g e s - " Specific gravity - A ™ S AT
l . 16A Hdaey, z L T f 2 _[ B — " k& T o
et e N e ‘ L I PR —m— am——
oo e . o T f
2 v Wb : -
3 PN RPN R e U Ve i
! BB AT -~ . 2 .
% =
iy R g T - Sl < Figure 9 ) 'y B o912 Tar Visomed
; : Teeniea e 4t 3 3 1590.,‘“). Tesi‘ Gon?:dﬁ Figure 21
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VISCOSITY TEST

17
11'5‘ VISCOSITY TEST
. . j £ viscosity test iscosity of wn 20d cutback :
i for defining the viscous characteristics of the hlm..mcn of all g'l.'ld!! irrespective °r‘=ltin3 - llﬂ‘igﬂl o ¢ gives an indirect measure of viscosity @ weondy.  Higher the
viscasity of bitumen can also he measured by capillary tube viscometer. Tperatypy, ™ MV ity e i
1255 ¥iirege1Y - orific® *  iscous is th® BT
o= 8 LIl § - — == - '

jon, ™ fures and viscosity values of road tars of grades | 10 3, umeg 10 me ondce
Apparsiss . , S . R Jura® iGed test rempera iﬁ-et.l orifice size, test temperature and viscosity valom of cifferent
_Ten millimerre orifice viscometer s specified for testing: rodd Tar and jc The ¢ 21.1.  The 3pee

| . 'fable. 9 en in Table 21.2. For further details of the Properaa 284 requremeny
orifice is used to test cutback grades 0 and | and 10 mm orifice to test all oth

called tap vises, . iv = .
meter. at m":'} — tback birumen are E¥ 23,
- ‘

€T grades, Figure m 4 gy

ists of mai Py | | 24 tars, refer to Experiment No.
: i .apparatu: ike ¢ N ) . . .
the  decails of this -apparatus. ,'I;h: ,:'.?P Aratus ct:nmu of m'-ilVI:l‘p‘l.m like ¢up, valve, waigp big, thoy, ‘“mbncks and ro - v by orifice viscometer in seconds is an indirect Deaszre of voconry.
stirrer, receiver and thermometers, etc. e Rt ey Y ﬂtm,‘ of € s adon of viscosity by o FHEOMBEL.
it ot L aRAG n LG ) e gy o The Ao o viscosity s dyne-séconds per cta® or”poise. —-
o et saion L > Y38 e - e ' i unit 0 ’ e
Prvc'»cedtw!". N s ‘ ’-df'-:él.‘c ;’t: u;‘l:; G " -- 1 <) s T ™ i Tbelb!olu'le 5 e " TABLE '21.1
. ‘The tar cup, is. properly levelled and water 1n the bath Is heated o the tetmperarure goie e  Tiecosd f Road Tars

! test and is maintained hroughout the test, Sur ring s also continued. " The sample mami:r E:ﬂ:d for i - . Viscosity:Valaes of Roa

I - the remperawure 20°C, above the, specified test temperature, dnd THY Waierial is alloweq ©-eool ,l.‘;:'i:‘ : . T . | | RT—2 \ RT—3 | RT—4 | RT—3
this the:material is continugusly; stirred. When material re_a.vi:'he"!"_l]highltly]'ﬂbé\‘ie'tértempe;‘atﬂm :d:. ' ”gradlﬂ"- JTomen SRR "l “RT— | : i : —
B ey oo Eubroadl, s Jeveliog peg o the valvé xod s justimmersd. 1 gy g | RS IS e | s | s | - -
reosve elindsc) S0 of meral il rbnd porcent By gt Slutin of Soft-saap i gt et C oo 8 o) ® | 8 ) 9 |
teceiver-is, plaged, under the orifice. hgp‘ t,l:e s%mpjd marerial reackes the ipecified mﬁng.mp;"m Test z —— 5 \ Har & 1 5o l 008 | —

L TECETE e UL ies A Byh e e P ! : i . ; t 9 < I
wu_hmtﬂ‘l?g.‘ﬂ;ﬂ_d:'5‘.’3?"3“},’;“??!9{;,.;5‘;‘},‘?@“‘_‘.' I3 1 dpeded: ,Th'_ff"P ‘Warch s Started;- yhyy | Vistosity range, SeCsii - <L e T . 7 30 to. 5¢ = ! —
cvll-ndﬂ‘-.\ﬂc°fd_-?..,?"5_:_'.n;,-1..,nﬁ ‘.‘mf,",fem}'di for How up - (1025350 o) uf tese aampley | ———— -

| Slont hronh S0 TRt 7 Bl v i ssong it R s e TABLE 212 )
« * The- viscosity test,,on road tay js carried out using 10 mm orifice and Jhe stindard test femperatuse fx : .
T R (LA ol L rrace 304 the st 3 o . t back Bitumens
road tar grades RTy, RTy, RT; and RTgare‘B.S, 45: 45'and 53° teapeditvely - (See"Tablé 2.1 andraly | ) . Viscosity Values of Cu . = ;
J Table'23,3 dnder requirements of road tar), - ‘In case the viscosity testisbeing carried out to clasify a gives R —— T T ) s | 3 .
i A “ddimipleof road tar or'to find'its grade;sthen the test should be first conducted at the lowest temperature of Cuibick types SC, MG~ | -- 0 1 2 N

- testing road tar, ie.; 35°C; if the-time taken for 50 ml of the tar sample to flow through the 10 ma &AL ofgrades | — 1
oriﬁisfe‘u more then 55 secs; or if the sample does not flow freely, the test may be repeated at the nea - i . 10 10 ‘ 10
higher tempefatire, ill the yisoc{isity value falls in the specified range. ) Orifice size, mm ~ ~ “*{sdsio 407 | . 4.0 10 I [ —

H o SE S SR e X ‘ . ] T et —
i iThe _Y_ilcosiiy_:"xe;'l on 'Fuwlclﬁﬁbitumcn is carried out using 4,6_mm orifice for grades 0 and 1 {SC-0, | i Q |{ 0
| MC=-0, RG-0, 5C—1,: CL—_'; LRC=1), at'25°C. The tests for cutback grades 2 and 3- are carried out | Tex \ . T 23
P Rt LT . ) t tem) wre, °C 25 25 N
at 25°€ "using lQm)ﬁ ceand those for grades 4 and 5 are carried out at 40°C using 10 mm oriAce., For s | ) . . s R o
e details of requirements _c_if,:.cutbLa;éh, sée'Tables 23.1—a, b & ¢, -If the viscosity of an unknown' grade Ll - i = G5 | M-8 | 7 :
cutbapl_g'n,‘ bt be determined, the orificéifize and the trial test temperature may 12 e u,mgjudge::ﬂ; Viscosity Tange, seces. 25 —175 50 — 150 10— 20 -
CIf !h’e vikcosity value of the tnai test does not fall within the specified range, the test should be repeated.by, ) s .
S MK b 5 K R o 3 < € e = ————
altering'the test temperature or orifice size of both suitably. : .
{ NP . = o EPON FLOAT TEs . fice viscometer (¢
| Results = '~ P ¥y ‘ ! PN L | : T IE T. i X als for which neilh"mhonf;,;en:v"f the
; Y g e Y ) ¢ s s defined as the viscofi -~ There s o range of consistency of the biruminous mater of the materisl 0 ‘
: _ The time in seconds for 50'ml of the test sample 1o flow through the orifice is detine he diamett - 1Or 2 penetration test gould be'used’ o define the consisency .
i - & i o i 3 s et k " .
V20 tey tekper a{)ké.--Tl!erefqr_e the temperature at which the test was canducted o ltevarv by mort ;Mermediate materials of this group is measured by the float test: lled with the :P“'men;mm a
the orifice used  should, also be mentioned. The viscosity values of repeat tests should no The i §oE taium and a bras collar BlIC llar (mould) " ed
than 4.0 percent from the mean value : - T ® 3Pparatus consists of a float made of aluminium and 2 filled in the <0 or bath T
N w1 i ETR <ac) N ! 10 be testeq Which is screwed to the float. The test specimen is by i foated in 3 W3¢ g 8 10 as
Di i B < e ‘*mpery . " The float asse™ the Biw®<® P alue, the
i scussion 5 , e §° At 50 Gm“ of 5°C and screwed'in to the foat. ay through ¢ float 1€t
¥ s W . 2l e sample - "C and ¢ | '
o The results of she Viscosiry test will get affected gready if the test emperature of b he

its W - t
time required in seconds for water 10 i.bfca;igu!e 1.3. The bight?
lue. The concept of foat test is shown it
matbrial, k

correcily maintained th

o orifict the foq¢ tesy ya
due 1o the Presence of |

rough out the test. Erratic resulus are obtained dué fo clogging of Hiffer iy e

mps in the sample of bituminous material.
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VISCOSITY TEST

1 Figuré 21.3.;'no-i*i'e;econeepi. S

el "“ﬁEF'ERENCES":i-' s

Indian Standords Institution” e e

-2, B:r.ummustmﬂ: in Road Construmlon D.S. IR HM.S.0 » London. -
Highwny Eogingering, §. J” Kfmnm and dC.EG. j"u:to, Nem Chand & Bros. Roorkec

. o

]nmfunou
‘PROBLEME

ZExp]am the term vu;:onty h"“ '-"u- «'bl“' ‘rf-) TR T T SRR

4. What are the uses of vxscomttest fy =%l
5. Wrilea'note on float test. SRR e

1. Indm: Standnrd Methods™ for' Teluﬂg 'I'ar lnd Buumen Determmauon of \q;com 15 0F
¥ 152 1206,

L.
2. .-What are the :bfferept methods'in deterlmnmg ‘the viscous charac:enmcs of bituminous materials ?_ -
- 3. ‘What is absolate unit for viscosity ¢ o i »ooont :
4 - MLl

6. What are the precauhons i be taken dlﬂing viscosity test usmg orifice viscometer ?

T Huw is the grade of Tar/Cutback determined 2

S, A : OBSER'VATION SHEET .. _ | .

— Lt N i

—ié (i) +Material : .. Sn
‘(i) Grade: 77 TERANE S al sz Cese g
.- Tiii) "Specified test temperalure o 2 :
liv) Size of orifice, mm =

(v) “Actuil rest tempera(ure‘°c = ke L S i e,

K P VISCOSITY TEST - - _

22
‘Flash and Fire Point Test

N .

|HTRODUGI—:Z“EHAI’ leave out volatiles at high~remperatures depending upon their srads. Thes
n.mmmo:ﬁ caich Bre causing a flash. Thu condition is very bazardous and it is thersfpra emental i
voladile W'P:empemtu.re for each bitumen grade, 3o thac the paving cogineers T2y reswicrthe mivzg or
qualify this mperatures well within’ the limics: =~ The flash point is the lowest temperaivrs a1 wiich fa
apph:a:oﬂ 0 the iynition of the volatle vapourswhen a small lame is broughr in contact with the “2pous
occurs I:mov.ls produet, gradually heated under standardised condidons. As mentionsd zbove, this ta
Of::":: indication of the critical temperature at and above Which suitable precautions should be sacen
f::mm“e §re hazards during its application. When thabituminous material is further heated to 2 Eigher
the material "iself caiches fire and continues to bum; the lowest temperamrs Gumicg ten

\emperature,
condition is the fire point. The fire point is always hlgh" than the fash poinr of amarerizl ISI “d'

specifications .5 : 1209—1958 gives the following’ deﬁmnon: H
" Flash point—!'The flash pomt tof a material is the lowest :empmmre at which the vapour of substance
momentarily takes fire in ;he jom; of a ﬁa.sh under specified condmon af test”.

" Fire point—*“The fire poifitis
specified condition of test’’.

is"the 'loﬁveat telhpmmre at wbn:h lhe material geu ignited 20d burns wnder

T R LT -f.‘.’!"- = ==

G- Spring "“dl'

A=0il C '
B—chllu:: Veassl H —Revolviog shutter
; C—Stirrer J- Orlﬁuu.
T - K —Gauge Dise
owe 3 e e g-memM L-Lifdog Hoold  erating derics
Tiure 2y N " F—Pilot Burner M ~Optioaal form of %
a Tester
Flaah Pom: Test Concep: Figure 22.2° Pensky-Martens Closed
T . - 119
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120 FLASH AND FIRE POINT TESTS
0T 0 i bas daald

O
18141
STy

TRl

’ — - V.
ireg e A ieem g ' X Yowts : : o] it ' Bt By TR T
1. TR S5 ] < X vl ] ¢ alie Ty

. ; (5P R T7Y Ny
R LR TP T R

i o R 0t § T '

: 3 NESR afy

PRI T EIY I 13t ¥magi L
L L

3. i

sawal w1a 2340 i

et Tl Novi .ty PR

R Migimim 23,480 Madimui 268 T
g E—Misimum 12.7. mm " Masimurh 1817 i’z 1774
e 1B Wmﬂ%ﬁ_ﬁlﬂ’y.d'u.: noirder 1 artiis :
‘Angles p are equsl : - Angle r — minimum 135° maximum 140° ;
_nogle !-"m!.nlmlumju' meximum 60° - -'-‘__Anglu)-—minimum 10° maxdmum 150 T
T s < Figure 22.3. Cover for Pensky-Martens Closed Tester

7 - %
The fiash point test conicept is illustrated in Figure 22.1.

5 W e o gl e 1
inimum 13,8 s Madimuad 142 g\

—Minimud' 4.0 mm M ax
sz . U—Approximately 123 wm

A.pplﬂt‘ﬂ{i £ :1 : ,
] _qu':shbhga:rtqni Closed - Tester consist .of cup, .1id, stirring  device, cover, shutter, flame exposure
device efc. See Figures 22.2 and-22:3. : ' : ;
(i1} Jple‘n.jky-l\_{‘an"gh open -'_I‘eu:r ‘as above with the modification, that the cover of the cup_Is replaced
by a dlip which edcircles the upper 1im of ihie cup and carries the thermometer and test flame.
e 5.5 . T i

TR
iy 1 S,

Prnc!dul‘? A ) Qe ? R '
Al pars of.xhc“éiip'aiﬁglenneﬁ,and dried thoroughly before the test j§ lta%lcd- The material i flled
in the£up bpio 2 filling'mark. _The Jid is placed 10 -close the cup .in a cloged. isystem,  All accetrics

 including thermometer of the specified range are suitably fixed. The bitumen sample is then heated. The

tesi flame i lit and adjusted in such 2 way that the size of a beed is nf4'mni,:ﬁiﬂm°'°". e feni |
done’at the rate of 5° 10 6°C per minute, The rﬁfﬁﬂg is done at a raw of ap}rgﬂtﬁmcw ol
minute. The test. flame je .npp!i'ed at ‘intervals depending upon the expecied flash and iy Poim"‘ Fl":
2pplicaiion is made at least 17°C balow the sctual flash point and then at every 1° 1o 3°C, The wii
discontinued during the application of the test flame. : o |
Resalts TRyl NSl 41

The fash poin: je 1akc}:r‘a{';l;'|-
application that causes whrighy:
instance hen N335 appéate fifs(
th volatiletSgnite and (he
mazrerizl when thi nccurs js

dhise Dyt
9%q i ‘e of the flam®
temperature,.read on the thermomerer at the ume

sy b
ﬂ?fh in the interine of the cup in closed system, For opth cop Il:té wniil
“ar any point on 1 §ifffdce of the material. The huating ¥ m"!‘::o' pmpt
matéeisl: comifives 16 brn for 5 seconds: The temperarurt of
recorded a: the fire poini.

han
I i : e . by mor !
'8 fpecified that in closed cup system, the 1es results should not differ from the mea0 g

1 1 for ol the.gr

Iehum - 5.6 thin 1, ¢

Mo v ik e .

. | FLASH AND FIRE POINT TEST

o "B‘;W 104°C and not more than 1°C from the mea

T 0 bor maw ; .
a8 Fbiish ! hulo that ‘surrounds the test flame is confuse g, s b

sieri® d with grue
‘m'fg.'h Ik ":::;::sd o8 151 that the mean value should not differ from the individea)

fatt For o as
‘ﬂ'-’.'{ *.'! e sk =

e l.:h ol and by G:C for fire ]_:mmt.
yolor! insh and Fire Point Tests

{cation® of F

applicttT A F'l?ﬂi.",l‘lﬂ’ have quite different vafues of fiash and fire points Whes, the

; i m.i sagie i i€y pos - b=
; [)lfl‘grens‘IJ:;‘-‘Be 1;¢nréa'h‘]’r-"re mixing _9} application, utmost care it taken 10 see tha: besting i Bmings
or cutbact ‘uéé‘\’i"'ii below the flash point. “This is essential from safety poins of view. )
PR e e s

" ~The ‘minimum ‘V?iué\.'él' Fl_n"h ¢ Pc;'"' by Pondleyt Martans® Clased sype PP LA Bty
j Pl ades of bijumens (for both Assam petroleum and those from ather sorees

The’ minfmum :..lpcciﬁcd -finsh point- for rapidq curing cutback bitumen of all grades it 25°C aes
o medlum curing ype' 830" for grades 0 and | and 65 for frader 210 8. Slow cunsg cuisaciz sz
ismum yalues ranging from G510 121°C na given in Table,23,

o REFERENCES i

T R T AT T AR (O AL E T Ny | IR ' »,
.1;+iIndidn Btandard Methods of;Testing Tar and Bitumen : Determination of Flash Paint azd Fire Fass,
¢ ..415 : 1209, tIndian;Standards Jnslitution, o SR
2, Bituminoud Rond Construttion; Burmash Shall.. ;
*i3;¢/Indian Standards Specificationfor Paving Bitumen, IS :73—1061, /adian Siasdards Jrstitutice
4, Indian Standard Specification for Road Tar, IS : 215, ISI, y Ry
5. /Indian Standard Specification for Cutback bitumen, IS : 217, 1S1.

Wy e i TR BETRN

PROBLEMS
bt

L bewlad cunitigay “1v 1
1, - Define flnah aind fire'poimts, -, "
1. DBriefly outline the fish point test procedure,

3, What is fhe tlgnificance of finsh point test, Dfﬂ_’ell.'cnllinm between flash point and fre poini.

B gy biaw

-.A.' 5 S T B T PO T R i an '
ST e i QBSERVATION SHEET . .
S FLASH AND FIRL POINT TESTS
Rn{:) :hmme“ grade/Cutback type & grade's " (li) ‘Type of equipment : Closed cup/Open €9p
- ""“f-"': . T
Time mj - L | yo
e A I o
e LT T
o4 . . lue
Cri Ten Property Test numbrer { Mean val
* Flash poj ;
2. Fire poin;. :
I Variy ! ———
n"'“‘rk. ) on1 from mean value —
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f G =i 5 - T )
| ) ‘ R Y ;,_(_._'H 3 R _ CUTBACK 1z
) ) -
| 4 fe Tests on Cuthack Emulsmn aif e e
s it dasdr e 7 sier mEner R RN P m cUluNG (Rc cumcxnrmnz\
. : JJ:: ik el T IRE.MENTS 01'-‘ RAP )
- 4 g e : ) J
CUTBACK : ‘ L - 5 ke _
ctemT Ldic ] iYL : ——  Requirement for Grade f
~ Cutback bum:n is dzﬁned as the Imumen, the v.,m,“y of wl'uch h“ been d LI “
P T redu A
cElt- !‘or use J.n surfz.:e d’rﬁsmgs, somgtypu of bxmmén _ma_cadam And ""l"blll;-‘ln"l"e':;l:l?,nl vohk - RC—1_|. RC—=2 RC-3 | RC—4 !RC—E
ﬂ-ltm = gL N .
s 25 e 2 tu SN - T
Pl H!nu . Lhc w.wuuzy “of lhe buum;nmu blnd. :ﬂl::ri.t "’m“’Phtm " T 2 ‘ =L I ; (3) - I - '(4) I" (5) l (6) I (7} I (3) —
—  —the binder I DM@ “Sotmeterotoiio S Afrer T iy - ) ’
er with—=—vole & cutback mix 3 used”in dop Tlmpmmm | i 2 —_—-—-—t T - o
the volatle gets evaporated” and “the binder”develdps“the’ binding” properties, "T| mstrciigh work, :&’# e Visco- .
he  Viscosi} if | T ieosity, Standard Tar » - .
cutback ‘and the rare: at which .it'hardeps on-xhe! road depend on the cha, e f Viscostyy : -
_ ) racteristics,: md @i Sec. at ! -
of the binmmen and-votatile oil wed as.the dilvenc. % T dl A quaatty ‘meten, i T 25t0 75 e = i - -
- LT . mm ) orifice e ro— v B re g o y
Cutback biramens are available in three types, namb]y (i) ﬁamd Cunng (RC) Gi) Mtdlum B (a) -25_"—0. 4 oe o 3 5010150 . — o i -
(MC) and (&) Siow Curing (SC): ., .. N mmo:ﬁ I i w2 BwB  — =
- ce - i vl Wl -
- This classification is ba:sejd on therﬁxe ofcunng or hardemng after the ;pphc:mon Rapid curing + (©) 25°C, 10 mm © - _ i - 141043 6w
cutback *binumen, ‘are- lassified <by-I5I,Ton the. basis 6finitial viscosity: into'six grades with designations ) irc, 10 mmorifice . o 140
RC-0, RC=1, RC-2, RC—3;, RC—4, and RC—5,in dmmcrwmg order of iniral vucomy ZRC~ . h : B - -
is a rapid cunngprudnct of mﬂiaenﬂy low inidal viscosity to be spruyed arthe ~rormal air temperatie (0P Flash point, -szky Marte?l il b 26 R % o
m::'c;:ehuung-wﬁm-:: RG]‘:;@ and RC<-5 are products of' iugh vucomy, w]nch can not boeanlymd losed Type- °C, Minimum ©, - . , - "o
AROEDRLE") TR A T aeine ! : wal e = . . .
e aggregate or Sof at teml:ntffé.' e Bl ot e e : (it} Duu]lahunfﬂcuom, percent . a
Medium Curing (MC) cutback b are classifi "on the -bisis ofmmsl viscosity in lnmrgﬂdﬂ by volume of total distillate . ’ -
MC—0, MC—I, MC—2, MC—3, MC—4, and MC—5in the increasing order of viscosity. Similtrly op 10 360°C ¢ . -
the Slow Curing (SC) cubacks are also da.mﬁ‘zd ito six- grades with designations SC—0, 'SC—1,5C-2, 3 " it ' —_ = - -
SC—3, 5C—4 and SC—5. RC, MC and SC cutbacks of a particular grade (say. RC—2, MC~2 and G0 &) Upe, 100 Minimgm ,, - 1 el 0 25 g -
_have equal inidal mcomy (in thix example, 10 to 20 secs at 255C wirh.10 mm orifice.) ' 2ni ® Up o 225°C M um 5 50 5 55 4« g
RC, MC mdSCcuiback bitiumens of ‘the vano'lu gradm menuoned ‘above should comply with e T (:) Up 1o 260"0 M;mnlum T ._75 tn ZO o 83 80 70 -
requirements specified in IS 217—1961, with reg:rd to the Fropemes such as viscosiry at different e () 'Upw 315°C Mmunum 90 88 8'7 7
temperatures, flash point, dmirhuun ﬁ-acuom, residue "from distillation up to the specified tempers®™ 4 o) gy * o .
ue from distillation up to -
and tests residue from distillation.. Ywl0d Ty (IsA DIRRTE ; -~ 360°0 1 Percent by- ok (b . S i
) e e - . -
- The following mfregeuu‘ally cam’ed out on curback bitumen_,, wep 0t Eaperln e i R dlﬂ'erence) M,mmum 50 60 67 _71 78 &
() Viscosity (with standard tar vi usiig 4 mmm or 10 mm orife) ' L ' '
o - i %5 on residue from- distill ‘
(i) Flash point test (closed type "u' ‘:'"— SRS Y NN 4t L ose0re; iy ; :UOI‘I !
(ifi) Diseiliztion tent (10 find fmmmofdmnm ugto 190, 225 260, 315 and 360° o = ) Penetration”§; :;5°c 160 ‘so" ‘g0w 80w 80 0w OE
. Giv) Tems anranduefmm distiflation upto 360°C = -~ " ' Secintjion . 1 230 120 120 - 120 i
(2) Penetration test-in the case of RC and MC and Floa test in the case °fsc cutas ‘ ) Ducumy at2)e, =0 ¢ A ; ! -.'.
_{b) Duetility tese. P PR inem, Mg - Ak . o 100 100 e =
(¢} Solubility em (in carbon disuiphide) ‘ L © M ' 300 : s
jven ia Table atter soluble in ca.rbo
“:mwremmn of the ~various gndzlof cutback bitumen a3 npeﬂ-ﬁﬁd bV ISI are @ d"'mphidc Pércent by " 7 ws =5
L & c _ Lt wej 7.1 i 5 . i _ gs.5 Su=z
122 5 .
' . J
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i : GUTRACK
| i, BEGUABAETS O MEDI GG 04 i g,
pE .y ' ; Requirement ‘\WA
Sl. No. ' Chatacioristies ' * rades
P EPP A T
i o= g . J e .k l_"m‘*‘m:
_— ——— 11 ]

s igrse S o
0] Viscosity, Standard an'\ﬂno- -
! meter, in sec. at "
f (a) 25°C, 4 mm orifice 2w’ . — - -
b _ (b) 40°C, . 4 mm orifice = w0 - L :
(c) 25°C\ 10 mnoﬁﬁ.n_o . - - 101020 2llm7s_-‘ _
. ‘(d)-lO‘C.lOmmonﬁa. - — — — 4w
(i) Flash point, *Pensky Martens .
closed Type, "Ca Min . L) . 38 65 58 6
i {in] Distilladon hctionl‘, percent )
| by volume, of toal discillate _ ¢
QP o 350.0 Vlte 3 e|
I (a) Up t0 225°C, Max 25 0 10 s -
(®) Up to 260°C 40 to 70 25t65 13t 55 Sto40 Notmare
, J than 30
‘ () Up e 313°C ! 781098 T0t0%0 §0r0g7 SSw0s Wb
(iv) Residue from direction upto . ‘
: 360°C percent by volume (by ) ' n o
difference), Min. 50 60 67 . 18 8
(v) Tests 00 residue from disullagon o
apte 360° C. yetiaer iy 1
0
() Penetration ar 25°C 100g = 1207 0w 1200 120 120%
, § wc. in 1100 € - 300 soo 00 500
(b) Ducilicy 3¢ 2T°C o 100
i cm, Min wo oo 100 100 -
{€) Maner salubls in carbon ' .
disulphide, percent by ey 0.5
weight, Min. 99.3 99.3 99.5 .

60t I8

6

r

mz.m‘s OF 's:.oyr CURING (SC) CUTBACK BITUMEN

EMULSION
- * 125

TABLE 23.1—¢ REQUIR
31! [ L

N "—-____-——'—_7. - T -

i s quw'rem:ﬂt for Grades

s1. No. . Characteristics & -
sc-o0 l sCc—1 [ sc—=2 | 5C-3 | SC— |sC—5
[0 T @ [ ‘ —a . i
,..—-L’-——L—-'_ (#) G 1 ® [T _
(i) Viscosity, Standard Tar Visco-
meter, In sec, .n:':' - _
(s) :25'0, ' 4 mm orifice k) 5. — P LR e -
(b) 25°C, 4 mmorifiee. . .. - Swin - oy TR .
<) 25°C. 10 mm orifice - . X Bl - -
. r - 21 “ ‘
. fd) ,ﬂ'c. L fmﬁ“. ST T e - & Nl
(ii) Water, percent by weight, Max 0.3 0.5 0.5 0.3 05 05
(i) Flash point Pensky Martens W 2 5 mEe———
closed Type *C, Min 65 n 93 107 121
() ¢ “Toul dgdlinis upto foc, 1swe 0w Sio 720 M Ma
percent by volume ] 30 15 o5
(v) - Residue of 100 penetration
at 25°C, perceat, Min. 40 50 60 70 14 80
(vi) ¥ Temson residue from distillation
upto 360°C iy
(a) Float at 50°C, in sec- 1510 200 2510 30t gw 15w N
e Sl it ot 1001 100 100 125 150 - 20
" (o) Ducility a 27°C in e, Mia- w010 w010
. (o) Solubility in carbon disul- o =3 998 ws | 95

phide, percent by weight, Min.

e |

EMULSION . . _

A bitumen emulsion is 2 liquid produ
finely divided condition in a8 aqueous medi
Aq emulsion, is a two phase sy3em - i
globules in the others .~

ct in
um 8!

which 3 substantial .
nd stabiliced bY means of one of more .
of o immisaib! pe
ules and kept in suspension in water-
ispersiodd and to keeP the globules

The asphaltic bitumen or [ cd aris b Loy
ll i i i ili nhnl’orﬂlllml ; bt ey
:I'd‘ p":::p:ﬂlw e o ‘;':"?ut::’t:; ;;ll ulsifier added in “"o;“li:o :7:::; ulil:l\l:iﬁn
is P - i .
ot g S i e ST
usually adopted are 303P% surface active agen®s & 'ﬁn; o rond e o aversst
by weight of finished emulsion is usuall l‘lkﬂl while prep? " 3
diameter of globulea of birum<? s nbout 2 microas " s o
b , s whi em d for rosd con! are abo P , but theif
eprma lnagr o g 'Mh‘."nf \ar and bjtumen mixture alsions 31 the il method
values between 100 and 350. Emuluoﬂnd e pﬁP"‘““’ "hmm_d S e
resricted. Two commod nclhod-l follo uj‘luur'd gmuh'oﬂ'l""'
and the high-ipeed mixer metbod. | The =
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i a..Addmnnnf.rhsullcd wam:'lo ‘the cemuliion::

e N i
- -.-"
' ‘shLsion olaTiR
VAT e 5 WOLR RO T AE WILOR R ¥ (ix) Test for particle charge -
siber LETT 3 o Y -
Y lnmllllPP""'l 1o the rozd “ break! down and the binder lttru m‘“! £ ap, : D!PN““"‘ of appreciable layer of bitumen on the posi
binding power developy slowly as and when th® water evaporates, Th, firg Bregate, leln bitumen-free negative plate PoKIE Plaie of the bauery mircum s reiazvesy
though the full bindiog po lour of the flm' from h t siga of |, e Plate indicates a negarive particle charge of
gown of emulsion -is shown by 7the- chmge in-colour chocolace hl'own of the emylgiy pok “The physical-and chem 1 o e
black colour ofthe biruminous binder, | 57 . {aD? ALY Table 23; " ’ Fica) requirements of the three type of emulsions, RS, MS and S5 are prees =
- - The main advant-W of emlsons are thtt (l}t::y im b-buml : eoout heatiag for Preparing i > Iy S |
. B i :
(b) they are Pmcu]uly useful -for- pnch repmr works-and- can : u;e :ven when the mrface 15 wep o:es TABLE 23.2 REQUIREMENTS OF BITUMEN EMULSION
is rainiog. : i B S
Three types of emulsified bitumen are prepared (6, ,Ra_mdSumg—T p, I-H.retun R S S NN I Type of emulsion
birumen used for penetration and sarface treatment (i) Medium Sotullg—TJ_pa M :s used fm,g ;amuk"ﬁ'd s No. 1k £S -FP.‘"F}’F?“‘_ N
wih coarse aggregate. “{ii) Sl St Tm 58'is used for fine 3ggregare mikes, - Plant mixeg s MS =
memen emulmnn lhall ‘be homoge.neuus and it lhould not show un per;‘ea bl!uruen af r(i) Vncomy (Snvbul:f '
. ter th EG) . - - urol), sea at ZS’C 200 100 20 10 100 Newi®
‘mixing within 90 days - after man;:f‘ic@re r’[’f:e general pmpenues of blfumen emulnmn lor madr:‘:grt : - () Water content, percent max. 43 45 25
gmed by the follawmg teh SR i -.— & : VLTI Lo ‘T = - (ii)) '--- Seutlernént, 5'days, percent, max - 3. =3 3
( i mely fest, G e TER a2 g -;‘m".' J5:09 rizel] ) Demulsibility, percent min.
. : : £ihD D7 nqa P L i —— . - _(a)-35ml ef 0.02 N calcium chloride . - 60 - -
Tke mwnmy of emulnun ahonld be low ennugh to be sprayed thj-nugh Jets or, to oo_a’f. the aggregaces -(b) 50 ml of 0.01 N calcium chloride —_ 30 -
in Fimple muung Vlscomy of t.he emuls:unu me.atured by standard Saybq o (™ -~ Modified miscibility with diff i
4 i ‘ eyl s -Y 0 ed misci ty with water, max difference o
uuecnn 5. . . i LA bbariiserts B .of bitumen content - - 45
(n) Wctu- ,C'arum o Gy i e ,,' oty 9( D o (vi) Cement mixing test, percent max. —_ _ 20
Itis necessary to knowthe percentage water in the emu]sxon[ to. wx:m,tex the actual bmder quanury (¥H) . - Slive cest, percamt residie’on 850 micon seve max. o1 by ke
_ Dean and Stark method is adopted for delermmmg the ‘water content i k R U P'mde i Hegiore e Nega
3 o A v, — = - —
(tll) S‘W “'ﬂ s w a° Lot u! e 5 ‘ i O ag vzl {s L h
' : i ROWD TAR - . : . :

The emulsion may settle due 1o sédimenta tigi when left’ ttl.ndmé‘ uudisn-il:bed The difference between
the,average ' bitum ids repo
umememg en résidue a.t {tlup and bottum B.f‘t&r the spec:ﬁed stohge penu& :sfitgj')cned as the

7 Tar is the viscous liquid obtained when patural organic materials such as wood and coal are carbonised
or distructively distilled in the "absence of air. Based on the material from which mris derived, itis
referred to as*wood tar” or “‘coal tar”, the lacer has been more widely used for road work because it is
The three stages for the production of road tar are .

(u:) Dmuin&llﬂ_y tet T 50l o AR EEe

T T e

superior than the former.

(i) Clrbonmuon of coal to produce crude tar
(uj Reﬁmng or dxmllauan of crude tar, and ~
(mj Blending of distillation residue with disdllate oil fraction to give desued md tar.

: T:::er:lmr;ge weight of remdue of the cmulsmn _obrained after hung mixed w:th speu.EEd qll“f"é
chloride solution and seved Lhmugh thq:pemﬁed wire clolh is known as demulubﬂlty -

(nj M'-lclﬁthjlrwn? sl o sk

= . lnp. gara ve

dvide o navbag

- - ISI hu classified road' fars into five" grade : RT—1, RT—2, RT—3, RT—4and RT—3, based on

their viscosity and other properties. RT—1 is used for surface painting under ptionally cold weather
" as this has very low viscosity. RT—2 is ded for standard surface painting under normal Indian
RT-3 lnly be used for surface painting, renewal coats and premimixing chips for top
RT—-I- is genenllv uséd for. premixing tar macadam bue course. For

at sp!qﬁed tempmm a lautm‘ of the’
bitumen. The Ppercenta o . w be

ges of bitumen . residue in top, mid ! e
ﬂlculned in 1hz mnd:ﬁed mr o _]udge th.e exrenl ol' m:!c}:.' d[e . b““"m S q’hh 3

climatic conditions; R’
. course and light carpets.

“grouting purposes RT—5 may be adopted.
The various tests that are carried out on road tar specimens are. '

(m} ‘Cement mixing fest - .. "-.-..r'(.‘\'l‘-.n. RN

* This test"is Carrmd oul
t !
=S ufﬁnes : .n !ssess tth‘s:;l:Il‘lll‘s"

FONTDAGT . TRy ran o v S

(i) Specific gravity test
(ii) Viscosity test on standard tar vi : St -
(iii) Equiviscous temperature (EVT),

(M} Coating Leg s
=~ onzing i"_-_ -

l‘lhﬁnd Whmh" there is ‘PPTecmbh" sepiration 5f the bitumen from ibe waier
‘ erthe sione. lggr(‘gaut are uniformly d-with rhe Ision. i
(7i) S‘mx teyt i BT bbviapxigy e L 3 T man s a4

This tes: is performed
of the emulsion and wheq,
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- i § LV Faka -
¥ .
ROAD. TAR 5 Gt e
. : i e
Al M Byl WEene 0Ly as eerrindl Mo i s 3 iy
“(iv) Softening Pmni : T RV RSy S s T ) te: i
" \v) Softening pomfofrenu:luc s it ‘ o
L e S T - e bt )

((vi) - Warer. eontenl: enciii<u’ W, By e

' (vif) Dimillation fractions on distillation upto 200"0 200°C to 270’0 270° C, 270°C 1o 300' alu,~

(viii) Phenols, percent by volume
(ix) mphmalmepereenrbywmgi:{ and'“ o

PIVAMA R TER v -4 2l Tl b Yo e

(x) Matter insoluble “in toluene, perce”'T'by we!ght. “The Fequirements for the ﬁ"em 3
[ Hhx-‘xlnﬂ op the above test results are given by 151 vide 18 : 215-196. Som: ":;mld
mqurrmenu aj‘the road tar as specified by ISI are gwen in Table 23.3, “‘f

TABLE 233 REQUIR.EM.ENTS FOR ROAD TAR : e PO

| L‘ililit! fér Grades "

it vt e A
l - —

_'.v‘m

% What is 2 biruminous emulsion ?
' What is r.hc componnon afan emulsion ?

. i ROAD TaAR

PROBLEMs
. what isa :ulback ?

'Wh“ are the d.lEEI'Eﬂl t)"PH of CUlbIck ?

¢ are the :peua] uses of cutbad:s 2,

What are the tests requu-ed w0 mndardue a cutback ?

What are the special uses of biruminous emulsion ?
,w-b;u tcsts are ca.r‘ritd out on emulsion ?

What are the laboratory tests carried out oo tar? ° ‘
What are. the essential differences between tar and biumen ?

What are the different grades of tars ? How are they classified ?

S1. Ne. Characteristic- : c s
R'I‘.f RT?" I'RI‘Z 'lf‘RT-'} ’ ‘RT 5
- fi abing fomiafe 000 3. 1A, po
] Specific gravity at 27°/27°C L6t "V L16%** 118t " 118t  L18w
. . =[2G v di26 v v 128 o 1.98 128
(ii) Viscosity by standard tar : - g g %
s viscometer (10 mm) _ : . yE@ pmtang i ,,:,_‘_.:. Grals -
(3) remperauwre of tes, °C PP .35 o 026 b ‘149‘“ o ;5 55, =
b (b),_ viscosity in vecopds ., . 1301055 301055 351060, 401060 , —
{iii) Equiviscous temperarure (EVT), °C.. . $2t036 _ 37to4) _ 43w 46 531057 __ 631067,
(iv) Softening point, *C —_ —_— —_ - 45 10 50
(v) Softening point of residue, °C Max, 48 © 50 T 52 54 .. 50P7
i) Water congent, p:réen:b.v dorrn w08 vy 208, G S, i s 05 a4 05
£ iweight, Max. © « 1 frmsw 'A LTS w1 oy , w; bad ¥
{vii) ~ ‘»Disillation ﬁ'muonl,pemmf bysr olom vzt mows sds e jaw 1" ‘ .
. weight (g per 190 gydistilling s 1c 0 v w7 4T g st nd T T as e
(2) wupio 200°C, Max. o= 05 .05 o 5 705 .05
(b) from 200° 10 270°C 51012 :‘2‘09 g jmﬁ ' 05m4 Oto4
: (c) from 270° o S00°C 41010 - 4:08 "3w06 2w 1wl
total disdlation (bye); Max (- & 201 bygomiii b aygr -.,._._112.‘.‘,_,- Y
{vau) - Phenols, pergent by volump, Max.: ;20 .for: 20 10ien20. = beo 20 .. A0
@ Naphhlene, percent by weight, Max, 40" 3§ mor T 23 o
N - - - ¢ Te >
(=) Matter u:uofub!: in mlume percu:l- A PRSI 2 . 5
by weight, Ml! -. e rye il 22?0%,. i 22:6i :J! -.i'-i.o ) y 24.0. 4
U = - e sl Sllandd » T ik
: o o S5y g 1E) 6 o 2o - < ref1 el BV, e
REFERENCES I
J.  Biuminous Maierials in Road Counstruction, D.5.7.R., H.M.5.0.; Londoni + -
% Inciun Siandard Specification for Cutback Bitumen IS : 217, Jndien Siamdgrds Institvtion.
%.  Indias Siandard Specificauons for Rusd Tar, 1S : 215, Jadian Standerd Institution.
«. Ipdusn Standard Specification for Bitumen Emulsion for Road, IS : 317, Imim Siondard Instiurron-
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. touching . the centre of the meial plate. The inital
- to-0.07 'mm. when subjected to the dead weight o
~~1.0-mm, pér minute compression’ of the loading hea

aoriginal thickness, and the |

R s w g 4

2
Joint Filler and Sl
. r

INTRODUCGTION ‘ ; '
Joints are required in cement  conerese Pﬂ"ﬂmtﬂf-’ of toads and funways 1o
the slabs by remperature and moisture variation, ' The 8ap provided bepy,
joinis is about 2.0 t0 2.5¢m wide and therefore these joints shoulg be
prevent the entry of water and gritand 1o provide even riding sixrfnce
should be resilient and non-extruding type; in other words the fller matdrial shoylg i
Zontraction of -the concrete slab and should not extrude: much while being :uﬁxprl:eur::‘ -l
used for illing the expansion joint gap is called joint fller. The common filje; Waceria)s u!'dThe ateriy)
impregnared preformed _ﬁbn:, nop-extruding cork, sell expanding cork, cérk-mﬁhér' SPonge'em;:eT bi
effective: TY 10 prevent the ingfess :)f water ' Lo
This is achieved by using a sealing compound over the Jjoinr filler, Usually b;

are used. The important requiremenm’ of segling compounds are thag th

temperature  changes’ and- they resist the rendency to flow out of the joint ul;d
loose resiliency during cold: weather. . w0 # hot weatky

relieve Stresgpy deve,

SER the algp, at %
filleq using suirabe m "Pﬂ.n:ioq
+ The Daterig) use, o

PREFORMED JOINT  FILLERS: : .

The-tests and properties of bitimen-impregnated fibre fillers for expansion jojags 5.
are briefly presented here. Preformed strips of .fibrous material are
impregnated. with bituthen to form-the ' 1
or broken by handling or- wh
_prepared for testing. :

fillers. The preformed stripsof joint fillers sh,
"exposed 10 atmospheric conditicns. Specimens

Recovery and. du_n:prminn_'i‘ests.
lélmnrq '

between: the ‘table of the compression, testing machine and the flat matal ‘plate.

- : A'dial gauge is placed
through. a -U-shaped Bridge -within a hiollow load tra,

osfer cylinder-with the end'of the dial gauge :pin_dlé
dial gauge reading of the specimen is noted accurate
f.the' metal plate only. . Load is applied at a rale of
d till the test specimen is compressed to 50 percent of
and the thickness of the specimen is noted 10 minutes
ness is found. The percentage recovery is calculated

ity thickness.. Then the load isreleased immediately

after the re.l&ue of the load and the recovery in thick;
from : .

Recovery, % = .“iiﬁl_
thn: t1 = thickness orspecimen aftér the test, mm )
: . t= original thickness of specimen before the test, mm
- IF the specimen shows a .recovery of less than 70 percent of its original thickness the test is tePtal{tidt;
by subjecu g the test spe_r:imep three applications of the load sufficient to compress.it to 50 Pe:::;:i:um
oad is released immediately, allowing the specimen to recaver for ',

130 T

* (reesides of the

JOINT FILLER AND SEALEFR. ' 131

. pplication of the load. = After the load is applied third fime and released,

d and dl::o;r for one hour and the thickpes s m o

e:il pllowse. lqgl‘ie specimen shall recover at Jeast 70 percent of irs original thickner:.

quired for the first application to compren the rpecmes By 50 percen: is

Gﬂf’"ﬁﬂ madmum load 11.> 11 cm) and is recorded 23 the urir prescmes = Egie®. This
The 1o} p of themeial plate (11> the IS1
; AR L and- 59 kgfem?-aa per S ——
aded B T:-bo hetween 7-a0d"33
i - e sbiov .
imen is wej the jos i weight & caloalaed
Lo of Bt the bitumen squeezed out, the ,pguman i ‘;:i In weizin Tb;’-ﬂ: - :
Afier remOVIIR S weight of the specimen. The percent gl o e

igin
. . ‘Perﬁﬂ“rj’g.e- ol "enll
1]
o pereests

PPy Tl
ST U7 s -

Erutien” = ;." ;n(.juf“s‘ize 10 510 em is placed in‘-z metal mould c_nfsame.i.—.m:n-al Cimens = cr; a.::f&
o The ““"speumu]d extending, atleast 1 cm above the height: of !h.e- speamen. “The foorth gd= & s::._—r_'
moulk ) i this edge only, when being mmp@zd.- “A-mealplae 10 x 10 x 12
can s spe;imén in, the mould and the assembly is placed over the tm:g mzc: 2s
B . Th loag 1 Applid 16 compres the specinen o 30 pereest thicknes 3ad th exvesion
in the recovery 1esty 2 O on R Do

that the specimen
size is placed, oY
n size s plac

y s ~urae w 0.02 mm by a dial_gange or cther mimable device.
A3 UL ecimer 15.10 §.‘:'f,“,_,di.?°c--qm;a.‘.e-‘g'. Yoor vl STt - " i
o -eh%f“"?'iﬁiﬁﬁﬁfifiﬁ the extrusion of the free edge,of the specimen sbould 2ot exeesd €5 =
éﬁﬂ?‘@l‘l}g 9 IPEEENEE NG Bl s Ol e 2

Viijrelerated Weatheriigitest is carried out'by exposing two specimens ﬁ.rs: w 75 C.;::::;E :az
jmmersing in - water-for 24.hours at room temperature. Then the specimens ;r;a B e
1“’:31““_ jmmersed in water up-to hall the depth and are placed in afreen.ng‘ als g g
::t:r in-the ' container freezes and thenthe-container is placedina wam-r bath hm‘:..g‘:im v
the ice sur}nundi.ng the specimen gets cgm!)leAte'l_y‘lEuehed. "Sllj:h - frfelzel-tha“ c.)‘ds are 1: > .
the specimen is removed from \ha:er{a!—lcf__i.ﬁ p‘lac'ed.i§ roomtem?eratm-e for Ts_han?m u:;::;, spmm:uﬁm =
W examined for signs of disimcgra?inn.' :.f\ good', filler specimen should show o =2

separation of fbre: - : ' batd T - -

LR : i -
|t .

 Bitumn exlraction and penetration of recovered bitumen.. .

The bitumen is_exiracted from 2 weighiéd sample of filler specimen using benzene in 2 e mfuga.l

extiactor, the solution s distilled as specified and the penetration value of the rmv_ered b;mm-mli

. Setermined, The penetration value Shotld bé berween 25 and 100. The bitumen content in the specimen
is also u]n_lculate'd. :

ATEN e g balli v Tt ity o

4 Y d : : i )
SEALING. COMPOUNDS: ..., $dT i , 3 e ; ﬁ.'lli-n

Sealing compoungs are_ used for scaling the expansion joints above the filler marérial .:u.ld alsud u:!h e,iuf
tnnh?qihn'a“a TluhEimﬂinnl--.jbi.ms.u The joint sealing compounds should form rm}mm a:f;]jdgﬁl
hnl‘l?'!].'.hib' concrete joinis ;xnd.be «capable of resisting the infiltration of warter and 1he H.!L«'“L‘-" Coasincih
f{:“:clu‘ The sealing compounds should also be able to stand the temperature “”wgn &Zio become
o N ' fow out of joim or be picked up by vehicle tyres during hot weather and rest -
e o sy oy o it B Picked, UpbY ‘O heating, the sealing .compound should acquire,
P o b e g cold weather, On beating, the sealing SRR L TL ]

"y e by 10 enable pouring into the joint space. There are twa grades o
w: i, Grad?-ﬂ»morm‘n:l i VT ¥, o % N
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2 : JOINT-FILLER' AND'SEALER
132 ¥ ’

2 . . ‘o :-. wot S o ATAORSAOTL Dnipy ; .
i de-B, Jet Fuel Resistant = 77
. (“) s joint sealing-compound in '““‘“Vt‘m’“‘\‘“"wr‘;' """“‘5 the’ éﬂ‘ﬁ:u dl‘m al
“‘f\

.’ Aﬁ“ cuolmg s gemperahlte for Iﬂo 24 haun “the p:cfmen is utored at O'G for'd ﬁmher period of

"~ i removed and the moulds are weigl

Grade B is used 23] ried :mcl requirements u{" oinit §
and spillage’of fuhis Te!l: Tor - assessing " the “property = . T g ebmp"““di are

briefly given here.
iy B

fr J " Payr Pam! tesl’ &l r a o ! p d
3t “which 2’ _]omt sealing enmpou. __can e oured rea dllv ind
. kn Tb; ][;‘:e::n::::r m’I::e pourpmnﬂhoulﬂ‘hbféx:eed 180°CT ¢ " “nl.l'ormly
own o R

W

a

i

(‘{) HND Lest , )

. 5 e B ised’ 13 assess ‘thie Tesistanice oF the saalmé‘ cornpound to’Aow in'hot Weather The  sealing

;m\npaumd is Pourgd in three motlds of SPEU-EEd dimérsicns wwith'a'Slot af the bottom. The' éxcess mllenal
hed. They are then placed in an oven maintained at 45“(: for five

The sealing compound which has Sowed out is removed and the moulds ‘with remaining compounq
, The weightof. ccrmponndsﬁowed\uu.t is e.xpresaed aga pm:emage of—ongunl.wﬂghl of

L]

hours.
' are welghed_agam_
u;e compound md théimean walue should: not gxceed 6 pefcent: © 173 -.‘1 A

s AS e A L"-‘!"J‘ll.{-\"r A O lid =t =ghrs 1_‘11.1

{m} Ettm.rlm test s hre ik "
m test is u_r,eﬁ ta assss wher_hé_r the se g compound c:.n extend wnhou: f.racuu-e at o*c Cemeni

martar blo&s a:e pl:l:p and' che :eah'ng c&mpound is poured mtn *hejomt sp:ce (see ‘Figure 24, Ly

16 to 55 'houi‘: and fhen ‘&xtended in £ machme ata ra}ue of3 B mm per “hour for 6 mm'phqng ¢hopped ice
over the specimen. -The- four exposed &.l:u of thn tut specimen are exammed to see if each face Temainy
adhe.rpg‘_ both, the; test blocks;and. if any: J;a\ntyu fqrmed,u;l‘he total, openmg of cavity ;1' formed should

FTIMENTATEY HENGL 10

1 s ny et tdt o
0 Bas ek ves :]’ D?toﬁtaawwsms '
Al is 3

e T /-u»'
b X 1

wl
'nr

srrmat bt g Tenamy ara S

-JOINT  SCALING,

viand wanr a

S air Yo au

el deTee) FLTTa T
M

(ia] " Piller Scldmmr: Test - - . T :
* Filler settlement apparatus comuﬂng "of five coaxial cyimden. they are filled with the sealing “'mp"“‘;d
and placed. in . an.oven at20°C above the pour point for two hours. - The cylinders are seperated dnd ;
luble binder. contert.of the Joinf'sealing compound :at the’ top,” centre "and ! bottom cylinders are dﬂ"m;n ‘;e
and then the mineral fillerin each are determined and.expresséd as a percentage of the total weight of
compound - The: difference of the setulement value from the mean; vnlue should not exceed 10 percent:

|
(p) Test fnr .Rt.ru‘ ance Iu Gnl % the
T‘h.u test is meant :o mes the remtauce ofJom: sealmg compcu.nd to :he mgres! of grit uﬂd:;5 *C
stress meoced by tra.ﬂic. "The seahng cnmpounc[ is poured mto the .contamer and is m.nmtamed a caken.
in a warer bath for one hour, ‘The i :mpu:: plunger is placgd in posn.non and the dial gauge reading i he dial
The weight is allowed to fall freely once each at 15 secs., 30 secs., 45 secs. and 3 minutes and ¢

Cpr A apste ot idn =g o

‘ (vi) Resistance to jes fudls

JOINT FILLER AND szaren 11e

This value should not exceed 10 for Grade A compound oair

increase i 1o ponetration value should not exceed 15. The change @ wegls aler T Aamy comwnas = 1

fuel (for Grade B only) should not ex. perce requrenean of faor smimg comomend
ceed 1.0
given in Table 24.1. S * -

TABLE 24.1 PHYSICAL REQUIREMENTS OF SEALING COMPOUNDS OF
GRADES A and B

Sl. No. ~ - .. Characreristics

(i) Pour point, Max.
(ii) Softening point, Min.
(iii) TIncreasein softening point ifter hearin. 20°C
i :bon
. point for 3 hours, Max. e po=
(iv) Flow test, percentage, Max.
(v) Extensibility, Min.

{vi) Filler Imh.mm, difference from mean percent, Max. ]
(vil) Resistance to grit Penetration on impact test at 35°C in rentha
i of 2 mm, (for Grade A only), Max >
(viii) Flash point, Min. Qe
_ (ix) Penetration, 25°C, Min, T T
100 g, 5 s, 1/100, Max. 0

(x) . Jet fuel resistance :’

(a). i:nc:"else.'m Penetration as measured in (ix) after 7 days
immersion in jet fuel, Max (for Grade B only) 13

(b) Change in weight, after 7 dw: immersion in jet fuel,
percenl, Max.

REFERENCES

1. Indian Standard Specification for preformed Fillers for Expansion Jointin Concrete Noa-extruding
and Resilient Type (Bitumen impregnated fiblre) IS : 1838, Indion Standards [nsnitutien.

' 2 Indian Standard Specification for Hot Applied Sealing Compounds for Joints in Concrete, 1S : 1834,

_fnd'l'an Standards Institution. - .

PRO‘BLE.MS

l. What are the objects of joint filling and sealing materials.
2. What are their requirements ? . :
3. Specify the tests for assessing the suitability of (a) Joinc fillers  (b) Joint sealing compound.
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- o o 3 - Introductiop

: d Iin the surface course of road and airfield pavements; S0me types of
ixes are ﬂ’C‘ base and/or binder course of flexible pavements. The bimminous mixes
biruminous ?:ji-’:;;ﬂx: :ctlal;ories based on the gradation of coarse and fine aggregates in the mix ;
my;::;;ud aid ‘(i) open graded. :
sl : ded bituminous mix is bituminous concrete,,whi'nh- is one “of the highest
- An e,mEple of dense 5":’ lavers used in pavement surfacig. A suitably designed and ¢onstructed
bimmjllouf mmgune:O um- on a wtll designed and constructed’ pavement, should be able 1o
bi“:'mmnus:o nmt;';:iads under adverse climatic conditions and “also fulfil the requirements of
withstand ‘beavy . SR E -

erucriral and pavement surface chgnracm-is;ics.
include (3)

~ Bituminous m

qua_]il’}'

"I'ha dai.rabia bituminous mEix proelies
@ o o () [T
pa formatian under load  and
anticipated field conditions. - $ua
function of both interparticle !'ncu
offered by the factors that ._inﬂuenlce
yoids in the; compacted mixture.
yestricted, the-resulting strength Pro
. ‘quéliﬁzd for 4 given mix should be.s
take place under traffic movement . o, :
: .;ﬁh;ﬁ:’bimgn’_klﬂds over the:gtfac:nfri c:uus shdﬂzw_.ng. - . , ,
i ;ﬁuribﬂit;’ f,"d;ﬁﬁed’;u the resistance of the mix: aglinst' wea!l;ering.which causes ha.rds::in a:i ;l:;
depends upon loss of volatiles and oxidaticn. Tensile strain if mtrodu?gd in the ’?rfa.qng c;n Py
' of bituminous mix when wheel loads ply over it.. Excessive strainycauses either cma ng saie
Flexibility is 2 property of the mix that measures the extent t-yfdefarm.auon‘before. faxh:e. - us smru_ ty
_-of the given bituminous pav'ing_ P“_‘.-_n.effis that all the -I?m’:elrhs_ted filcwv.-s are considered. N

15 thus @ Str evel which causes sirain depending upon
Stability is a functon of friction and cohesion. Fricional .ruis.u.nce..isa
rion"and friction imparted by bi:uminou; materials. Cohesion is mainly

the ‘mass viscosity of bitumen binder, Density is directly related 10 ‘
Stability and density in general are related terms. If vm_ds are -
. Minimum voids requiérinent
hecessary densitification that

! 'In the sbséhce

perties of the paving mixes- improve.
elected which would provide, space for :
¢ and expansion of birumen at high .temperntm_-ej,

tests are -Jargely used fior the routine testing by many
Grganisarions in India and abroad. Criteria of the suitable mix design have been sp.eciﬁed b?' A_“Ph'.'lh
Institute based” on the various factors discussed dbove. Thus all the above -properties are indiregtly
‘accounied for in these tests. - Marshall stability test adopted by U.S. Corps ‘of Engineers is a semi~confined
compression test which  is p&mpnmble to a triaxial test _with 8 cell 'pr‘essrlxre_ of a_bout 0.7 kgicm?.l HVEEI?I

Sabilometer embodies main, characteristics of triaxial test.

Marshall stabiliry test mrll‘ Hveem stabilometer,

(i) Marshall Srability (ii) Hyeem Stabilometer and Cobesiometer
have been indicated to suit

kneadmg compactlor

Here in this part, two fests namely
bave been included. 1In pressenting the particulars of the tests, some deviations
availability of equipment and prevalent climatic conditions.  For Hvesm _Smbi]nmeler ; -
is specified for use by Asphalt Institute; authors hers have recommended to use Marshall compaction Id’ue qu
non-availability of the said. equipment in Indiz. This deviation thus may not fit in the exact definition of
the rest and this point should be kept in mind. ' ‘

136 -

Marshall Stability Test

INTRODUCTION . - - - =
L R T fi 5
" Bruce Marshall, formerlv Bitumin i , Deparmen
: ; ) ous Engineer with issippi’
A Lf?}'ﬂl{l,ll&;&d. Marshall method for designing bituminous :jxes.mrﬁﬂl'f?e: MES““.' Lazer maﬁﬁ;' US-E:
. and mpr:oved upon by U.S.. Corps of Enginsers r.hn;ugn their extensive research mm"" Eoce
ASTM vide designation D 155%-62 T has standardised the test proced = ‘ -
" =2 ure

-gbhumenand“lhm " um.

Selectgrading to be used. !
Select aggregates to be‘employd in the mix. . . : ' )
.ﬁi) Determine the proportion of each ag . requi -
‘ gregate required t6 produce th ize grading,
Y Determine the specific gravity of the ot i '-f’“'“‘* o -
. ‘ pe grawvity of the aggregate combinarion and of the asphal cemen:
/ ‘@j' Make up trial specimens with varying asphalt contents.
w Determine the specific gravity of each compacted specimen. _
g M _Make stability tests on the specimens.
i W Calculate the pércentage of voids, VMA and the percent voids filled with bitumen in each specimen.
-Select the optimum bifumen content from the data obtained,
fqhec_k the values of Marshall Stability, Flow, Voids in total mix and Voids flled with Bitumen
. nbmlmed 8t the optimum bitumen eonteni, with the design requiremen ¥ :
. = ) - ST N thE dene

[ i ’
S g ey 4

- e

i Api:-;-:tns' ) by s . .
i (a) Moulti Assembly : Goliudmeal s W&“‘w‘?ﬁ&i&?‘ﬁﬁ" 3
i 4 SR S b S g P e e s Ry e
r extension. —Thev are designed 16 be inie

further consisis of a base, Plle and c.o]l "i\ﬂsﬂ cﬁﬁfi‘éither

end of cylindricaj mould. _

(b) Sample Exracior :

§ 4 For exiruding the compacted specimen from the mould, an extractor suitably )
. \ted with a jack or compression machinc.

the

(t)  Compaction Pedestal and Hammer : It consists of a wooden block capped with M.5. plate to bold
Mould assenibly in position during compaction. E._F;;Qﬁl;m?ﬁ i Eonsts of it fiar circula )

USEUIREST A, i S e e e

137
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4 mpmq hce 4.8 o dismacter and eqmpped with a 1.5 Lg weight" constructed to provide free fall
L1

. placed.  The lo

MARSHALL 'sr.-\m!.m' TEST

of 43,
LA

lder is provided consisting ol' spring tension device designed to ho!d tompacy MARSHALL STAEILITY TES] 1%
on .

in place on \he com paction pedc:ml '
(4) Breaking Flead : [1 consists of upper and lower :\'lmdnc:l s\‘gmenu or test he'ld: havi
radis of curvatre of 3 ¢ The lower chmem i moumed on A base h:w:ng two v
wh.ch [&nhmc inscrtion in the holes of upper test head:

f - Loaging ¢ Machine : Sce Figure 25.1. The londmg machine is provided with a gCar sysi

the bm in upward diraction. On the wpper "end of ‘the machine. a precalibrated proving ring al ;g
“capaciy i fixed: In between the base and the providing ring, the tpecimen contained in rest . lI‘lm
ading machine produce: a movement at the rate of 5 em per minute. Machine fyc. '"I e
movement downward also. This facilitates adequate space for placing test head ;\‘\|‘| 'l"‘ 1

1

‘em. \[nuld ho
(i)
Alleast three samples are prepared for each binder coment and i ali four 10 £ve binder comeno

are ulec\ed.

Density aud voids analysis
BY an inyyy

erlical pyj. Tiely

. lu'l‘l[. Preparation of Test Specimenc
) : The coarse aggregates, fine aggregares :nd the fller mmnl should bs propomicne and r:n:: =
such a way that final mix afier blending bas the gradation within the specified range. Tor spmuibed
gradl‘tmn of mineral aggregates and bitumen binder as per IRC : 26 - 1968 are given ic Table 25.0.

P, The aggregates and filler are mixed together in the desired proportion as per the desips requirsmens
md fulfilling the specified gradation. The rcq\ured quantity of the mix is mken 5 27 T0 prodoce a3
scompacted bituminous mix specimen of thickness 63.5 mm, approximarely. -

|" * Approximarel: 1200 g of ageregares and flier are taken and heated to a temperarure of 175710 190°C
Jhe paction mould assemb)y and rammer are cleaned and kept pr:—huma 10 2 1emperarur- of [00°C
w 143°C. The biwumen is beawd 1o lemperaturd of 12!f w 138°C and wn regured goazii: of 3=
trial perceniage of bitumen {say, 3. 5‘). by weight of minera] aggregates) is added to th= based agresare
and thoroughly mixed using a mechanical mixér or by band mixing with rowei.  The mixicg reapearre
for B0/100 grade bi may be d 154°C and that for 60/70 grads; abow 160°C. Themixis
/placed in'a mould and compacted by ramimes, with 50 blows on either side. The compaciing temperazares
may be abou;’ 138°C for 80/100 grade bitumen and 149°C for 60/70 grade. Tbe compa=ed spramea
should have a thickness of €3.5 mm.. The weightof the aggrezzie taken may be suitably 2iiered 10 obwain
_a thickness of 63.5 = 30 mm. Atleast rwc' specimens, but preferably three or four specimens shoald be
prepncd au each rrial bimmen content which may be varied a1 0.5 percen: increments upte 2bout 7.3

of reversing -its
after one :pec\mcn has been tested.

Spm_ﬁ: Gravity of Compacted Spmmeﬂ.«

The specific gravity values of the differem lggreg:us Slier and bitumen used art determined firs.
"The theorerical specific gravity Gy of the mix isgiven by :

; G 106 ‘
i e 'S WGy — WalGa ~WilGa = WGy — .
’f : Wherr W, = percen: by weight of coarss 2ggregaiss ’
1 perean: by weight of fine 22eregan '
Figure 23. l V[mhau Stability Testmg \Iachme . 1 - W3 = percent by weight ¢ nlies
| AW = percent by waight of biiumen in ol mix. .

(f) Flow meier : One dial gauge ‘fixed to the guxde rods of a testing machine can serve the pmlmf | .
Least count of 0.025 mm it adequate. The flow value refers to - the total vertical upward movement fom: | 7 Gi. Ge aué Gy are apparen. spucific gravity values of the cozr® aggregals:. ane agzregmes g Slie
the initial position at zero load to a value at thaximum load. The dial gauge or the floy metr should ‘respectively ang Gy it the specific pravity af bivimer.,
be able to measure uccurately the rotal vertcal movement upward. "I . 2 Voide Analysi ’
Aensity an oia: Analyss
Besides the above e ; . & ¢ | : .
e equipment, the following are -also required : (i) Ovens on hot plates, i) Mung | " Soon afie the eompacwd bituminous mix specimen. have cooltd 10 ro0r 1CIRPERALN .

apparatus  (iii) Water b, i : T - P 3 T

PP (iii) ath. (iv) Thermometers of range upto 200°C with seasitivity of 2.5°C. \ “verage :l-uclme« anc diamewes of the specimen are nowd. The specimens are alse weighed i air and
5 . - . A olumt

Procedure : (] Gier n owarer. Tk bulk demsin vaiue Gy of the mmmcn s calculared from the weight and v

ulywd

e Wedhnn.

L. voids analvsis ae muade 2t given bedew o
o o0 (6 = Gu
Cha ‘G

Wy
Ay @)oo= G % .

In the Marshall method each compacted ‘ESI ;Pmmgn is subjected to the following .tests and an
in the order listed below :

(i) Bulk density deurmmauon
(i) Stability and flow test

vy

8.0
or Pe":em The ecwrpine- Iwe c-ﬂar{ &applied {e el ~ide &f flr i

Tests - beeause . I‘AL"iﬂk{ﬂ'J earpoclive effesls oheuld clostly eprvpacd, fa
R Crnanrn ket fj‘ ﬂHg\-“cg v Wee pmq-n.unl wer dog '(-'Jn.r B

—
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e
\ARSHALL STABILITY TEST
vMa, % = Ve T Ve

PO (1 Vo
VFB, "% = UNA

V4 = air voids in the mix, Y%
\'p = volume of bitumen
VMA = voids in mineral aggregates, A
VFB = voids flled with bicumen, %

AV here

Marshall Sability and Flow Velues : : .
s imeriat0-be “tested are kepr immengd under water in a thermostacically controlled warer
The .SP'EF‘“’ at 60° & 1°C for 3010 40 The sp are raken out ane by one, placed jp
bnth):;:;::inlm head snd che Marshall stability value {maximum load carried in kz. before failure,
3 flow value (the deformation the specimen undergoes during loading upto the maximum load in
and the . 3 g nored. The correcred Marshall stability value of each specimen is determined in
0.25 mm unirs) are D ;chrion fac'n;r, if the average height of the specimen is not exactly 63.5 mm,

applving tbe appropriate
13:1 correction factors are given in Table 25.2.

Determination of Optimum Bitumen Conlent _

Five graphs are plotted with values of birumen content against the values of :

(i) deasity Goglemd
(ii) Marshall stability, $ kg -
(i) voidsintotal mix, Vy % - .
(iv) Sow value, F (0.25 mm units) . * .
" (v) voids filled with bitumen, VFB %. ' . _

Let the birumen nontenﬁ corresponding to maximum density be By, cones]ioyding to ma.ximv.tm
scabiliy be Bz and that corresponding to the specified void content Vy (4:0% in the case of dense AC mix)
beBs. Then the optimum birumen content for mix design is given by : ] . ‘

. . B, = (By + B2 -+ B3)/3

The values of fow and VFB are found from the graphs, corresponding to bitumen content B, 3
the design values of Marshall stability, How, voids and "VFB ar= checked ac the optimum birumen
cantent B,, with the specified design requirements of the mix. .

Dersign  Requirements of the Mix: )
As per IRC : 29-1968, when the specimens are compacted with 30 blows on either face, the design

Sy AC mix should fulfil the following requirements. 3

H (i) Marshall stability value kg {minimum) = 340 E.}

(ii) Marshall flow value, 0.25 mm units =81wlb i3

| (i) Voidsin roal mix, V5 % _ =303 .
l’ (iv) Voids in mineral aggregates filled with bitumen, VFB % = 7510385 - !

: er
The highest possible Marshail stabilicy values in the mix should be.aimed at consistant with the oLl
: r more of thé

three requirements mentioned above. In case the mix designed does not fulfil any one o i
design requirements, the gradation of the aggregates or filler coatent or bitumen content or mrm[ﬁlil;ed
T y fu 5

of these are altered and the design tests are repeated till all the requirements are simultaneous|
. -

| Percent dir Voids_

MARSHALL STAZILITY TesT
Job Mix Formula

The broportion in which

X the jiflerent - .
by weight or by volume for impl. i

iller uod Birummen aee g w

= -
eM~niauon dunn._ congrucion =iveqd are soCned

Calculations

The foilowing values are either measur~d or compuzed
(i) Bulk densiry B
{ii)  Scability
(iii) Flow L .
(iv) Percent air voids
':’v) Percent voids filled with bicumen or rar
(vi) Percent voids in mineral aggregate.

Values (i), (ii) and (jii) are measured whereas values litedm v,
the following : > s

.¥)asd In) e oo froag

Vy =

G‘&Gf' % 100
where, Gu = bulk density
Gt = theorerica) Specific graviry mixrure
o 100
% Wi, Wa W W
B R« - ey
where; Wy = percentage weight of coarse aggregace -
We = percentage weight of fine aggregate . " |
W3 = percentage weight of fines/Filler - It
W4 = percentage weight of bitumen in total mix
G1 = apparent specific gravity of coarse aggregares
Ga = apparent specific gravity of fine aggregates
G3 = apparent specific gravity of finésiFiller
G = density of birumen, gjem?.

Percent of Voids in Mineral Aggregate (VMA)

WSIMA =V, £V,

where * Ve = Gy % E‘-‘-
. G.
Percent Voids Filled with Bitumen or Tar (VFB)
ey 100 Vy
) VFB ~ VMA
Resalts

Above values obrained for four nr Ave binder contents with a constant aggregate gradation are plowed
on the graph for determining optimnm binder content. A wvpical set of such plots is shown in Figure 252
- From these plots, bitumen contents are determined corresponding to the following :

2. - Maximum stability.

b. Maximum bulk density.
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: sc-enuﬁml]y The sability

f . i \
s 0

* MARSHALL STABILITY TEST

£
'
77_

UMIT WEIGHT gfem
—
-

mansSHALL STABILITY

“m.s 55 &5 75 n-s sS 45 15’ a5 55 4% 718
1 BITUMEN 7 BITUMEN ¥, BITUMEN
. 2 3 |:n—_ﬂ 1[ - e
T s : e
2 Eo > 100 f— -— . T o L
v " " : e .
% :E Eg 0 < /K_J gl \._.-“/
BS54 we 7 IR s
‘= - §2 | -
<'e [y N o 1 x ‘. ia :
TNz 1 tn_é_.___ ____-————" ‘
™S ;4 45 35 a5 76 T a5 85 45 Y
3 i 9, DITUMEN 7, BITUMEN by )

25. 2 Biuminous Mix Desng'n by Marshall Test

Figure

TN

43 1,
uge nl' the three vnlues for the bnrumen
n unl of the mix u the numencal aver
" The opumum bjrumen con o

consents determined as m:nnuned above. tL o ittt el
3 B 48 K '. e

Dmcnumn \
The Marshall nabuu) 1est method is very simple | md rap:d methud for dengmng bituminous mixes
values obtained in this test procedure indirectly represent the m-engl.h of a

TR f

paving mix at B Zero -.-ernqnl stress level which is critical. e e Y
ability values and very-Tlow Flow vnlues are not dmrnble as the

Mixes with very high Marshall st
pavements of uch mixes may be brittle and are likely to crack under heavy traffic.

R‘E.FERENCES

Mix Dmgn Methods fox“‘A:phalt Concrel! whd other Hot mix TYP“, Tﬁ' A‘P}'““ Ig’”"“;;& 1539:1. .
Design and Construction of Asphalt Paveinents, J.R. Martin and H.A. Wa!hme, McGraw Hi

Bituminous Materials in Road Consurucdon, D.5. LR, HM} S. O T /
Asphalt Pavement Engineering, H.4. Wallance and J.R. Martin, McGraw Hl" Book Ca. frsian Reads
“Tentative Spcclﬁcauon for 4cm Asphalt Concrete Sur:’acc Coursc, IRC 29 1968, *Incian
Gongress. ey

£ N

"

PROBLEMS : o

Why do we need 1o design bituminous mix ? . - L
Wha are the essential propertics of bijuminous mixes ? ?
What is the significance of flow valur in Marshall test ! ?
Why is the sample in Mnnhn'll 1est placed! on i penphery while lOﬂd"‘F’\
What is the measure wken il & mix resulis i vxcessive voids ? )
Wha is Gller ? S e 4 ! '
What are different 1ypes n!' ﬁllrn 13 . B '
Does 'ortland cemeny, if used in bituminous mix unprau strength ?

irietiy out line Marshall Stability st procedure ?

Hev i bituminous mix designed based on Marshall desivn approach ?

S I N SR ER LR

upendxng upon thmype of mix and 1he traﬁc mien.ut) m ‘

A

- A MARSHALL STABILITY TEST

Sieve size i Percent paming, Iy weight
: : .| _ Cradel Grade 2
~ 20mm ;
12,5 mm . . - 100
10 mm ; 4 oo ’ #0—100
475 mm ) 80—100 70— 50
- 2,36 mm ::: 75 30— 70
600 micron e :: 15— 50
300 micron e N 18— 29
150 micron A lzss S
75 micron ° ~ 3— 16
St =10 +— 10

Table 252 fppwostosevtsatid
Volume of Specimen in . (ANRDUMNRTUARENBEY Coreeion

Cubic Centimeters

m Factors

457—470 e —

Tt 8.7 114

483 =495 60 e

496—508 . 18 o

509522 ; 63.5 ] 100

523535 | g 2t

] 536—546 667 s
' 547—559 683 e

560—573 69.9 oo

" *Notes— (I) The cieasured stability of.a specimen multiplied by tha ratio for the thickness of the ypecimen is squal
g to the corrected stability for a 63.5 om specimen.

= i saalmed dlamates 5T 10 el
(i) Volume—thickness relationship is based on éWél-m.r .r 10 ¢!
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MARSHALL TEST |
~'OBSERVATION SHEET’

st;hillty and fow value 'de'tei-mimt_i_o'nl_'

Type of graging of -gsrezm :
- Mixing :mmm, Cﬂ_
Nmnbr.r ofblows on mher ndn
s " Flow value dial, 1 dwmon L

Grade of bitumen :

Ct;mpluing temperature, *°C

Proving ring calibration factor =

T
Bmmien_‘ 1
‘content, -1

. percenml

~

e 'sa;np]-e No. i
!
i

r

B S _..__.._.__. AP

L. L 8 . 3 1
Maximum - [. Swability value,kg |
_proving A S———

‘ri:ug r:ad.'mg -
L_Meamred' Correctedl

Flow dial

reading

Flow value
0.25 mm
- - units

1 -

Xg = -

1 : '
. MARENALL Trer

pensity and void determinations

{

;:w;-;: SATYLY, ) Gim Wy e
..w' = G‘ - W‘ e
Sample | Bitumen | Height of Weight, ¢ Bk | o
No. [ content, | sample, rey |
' wha vpfrc.cm mm inair | in waesy G, } oS
h ‘T— o
il

““Average | .- T

Xg=

W N -

Average - |

Averape

X5 =

Piot the graphs as |.n Figure 25.'..’

(i) . Mnumum ‘stability, kg =
(i) Maximum bulk demn\ glee =
(iii) Percent air voids

- X s pmee,
~u Troumer epes
~ R TalamRtn romesay -

Vusrgre Dlwmme e -
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Hieem Stilometer and Cohesiometey 7,

|

INTRODUCTION BRI S TR g
Franics N. Hveem, Materials and R_ese_arch Engineer_f?r lhe Cah.fo.rma. Division of Highway, adv
and developed the concept for designing _pa.ving mixtur—es b;sed. on S(l_l?l']OFl!E!er and cohesidmerey tesy, |
Exten:i\;e research and —corelation- studies have been reported‘n:} ﬁnnhzu?g:lhe test P'DC!dl-l_l"es. This i
e m-e;hod isused for the design of new 'ceni:ructing or for eva_lu‘auon of existing Pavements, ASTM hay
.standardized the test procedure:by ASTM designation D-1360. The test method is used (o design {
hituminous paving mix and for establishing the optimum content. : )

f

anicnq

Three tests are carried out on the bituminous samples of 10 cm diameter and 6.35 cm height, Tp,
sequence of the test is as under : i h
" (i) - Stabilometertest

(i) Swell test (i) Cohe’sioin_et'er tost .

“The samples are'recovered after complering test (1] and are-subsequently used.in test (ii) and tos; (i),

Appa;:ltus . E ' - .
" The equipment required for testing the specimens are as um?er : 7
(2) Swell Test: The apparatus consists of a perforated plate, pan of water rgtfaovab‘lg dial ﬂ.mmbly;
and dial gauge. _x - - ’ . '
(b} Hoeem- Stabilometer : Figure 26.1 shows the details of the equipment.  Acressaries fncluds
adjustable stage, mould ‘assemble steel follower, and rubber bulb for introducing air ﬁ.!f(') system.
The stabilometer consisis of a cylindrical mouid which can ‘accomimpadate a specimen 10 cm diameter

and 6.35 cm height resting over a rigid metal- cylinder.~ The sgeg_i.::.!h—ia encased in the rubber membrane -~ .
which acts. 232 inner well of thé mould. Fluid pressure can be applied through the membrane, thus - -

The i:onﬁm‘ng fluid pressure is applied by rotating a
Vertical pressure is applied through the loalding head.

- providing-a. lateral _confi

to [he"-r
handle and is measured by a pressure gauge,
placed on the loading machine.

.
HEAD OF TESTING
MACHINE ‘

PISTON FOR
APPLYING LOAD

BRIQUETTE
10 SPECIMEN a:

MOVABLE
PLATES

THERMOMETER

" STATIONARY
PLATES
COUNTER S
WEIGHT — i e
FLEXIBLE ‘
OIAPHRAGM

Liauio 0 L 7 J
LIOVID UNOER .t I / - .
]J’ Lpivor BeaRiNG U

. SMALL iNITIAL
PRESSUR
. Figure 26.2 Cohesiometer

PLATEN OF T
[ R Actine=STING

Figure 26.1 Stabilometer
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.Tb) Stobilometer Test .

- of 6.35 cm to receive a specimen of this size. The speci is then r

" isrecorded on test gauge.

HVEEM STABILOMETER AND COHESIOMETER TESTS

(¢) Cohesiomater ; Figure 26235

hows 2 diagramatic skerch of eqqs
insulated beating cabiner ec. eq_mpmx, It mchudes the prwem g

-

Procedare

The grading of marerials and five bitumen conrents,
Stability Test. o~

f¢) Svell Test

are raken as per experiment no. 25, Margaan

~'and after one hour the final i-eading is also measured. The swell is measured neares 10 0.025 2 The
" height of water lost during this process is recorded as permeability or the amoqnt of water 12 e tia

percolates through the-test specimen.
The specimens racovered from swell test are ;Iaée-&‘ in water bath-or ovenfora minimum perod of
one hour. The testing of the speumen in stabilometer-'is done at a loading rate of 195 mm PeT mimue.
Before inserting the specimen in stabilometer; the appararus s ch T
metal d ¥ specimen. B base of stabilometer is adjusted 10 provide Tobber diaphram ol
d” from the warer bathioven
at 60°C and inserted in the stabilometer.  The metallic follower is placed :above the specimen and ensire
equipment is positioned in the compression machine adjusid at the rate of Ioading of 1.25 mm per minure.
To start with the operations on the stabily , the displ
fluid pressure recorded on dial gauge as 0.35 kg/em®. The displacement pump valve ‘is promptly clos=d s
as not to disturb the inital pressure of 0.35 kgfem?. Test loads are applied in sequence of 227 kg, 434 kg
and each 454 kg upto a maximum of 2722 kg. Immediately after recording the reading on dial gauge at
2722 kg, the total load is reduced to 454k,.  Displacement Pump valve is opened .and the dial gauge
reading ‘is adjusted to0 0.35 kg/cm?. At this stage dial gauge on the displ Pump is adjosted to zero
value and-the handle is given turns rapidly at the rate of two turns per second uniil the pressure of 7 kg/em?
Exact number of turns are recorded to increase the test gauge reading from
0.35kglem? to 7 kgfem®. The test load is mow released to zero and the pressure’ on dial gauge is also
brought to zero by’ rotating displacement handle in reverse direction.

t p‘mpi}anfilgi‘tmmdmni:eﬂz

(¢) Bulk Density Measurement
It is done in the same manner as’Marshall Stability Test

‘e . .

(d) Cohesiometer Test » .

The specimen which: is recovered from testing: on stabilometer and for bulk denxi:.y delerm:!mn:m is
used for Cohesiometer test. Before commencing the teston cohesiometer the sample is placed in water
bath or oven at 60°C for 1wo ht;urs. "The cobesiometer device is calibrated to re.ieue»!fud lb:\s mmb.ll:el
bucker ar the rate of 1800 - 20 grams per minute. The sample is arranged in posul:on lle}‘\::':du;in
lemperature of the cohesicmeter brough! to 60 = 1°C before uomm:ntemEHlOflh; test. cei(\::cd e
it pulled ouy and shops are allowed 10 flow uniil the specimen breaks. The shous re

bucket are weighed accurately.

‘ Stabi{omeser Value

. i i value :
The following equation is used in computing sability or subilameter valu

CamScanner
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. -Tecommends the following desiyn’ criteria .:

| &%
. . ° L 1 -
148 HVEEM STABILOMETER Anp COHESIOMET R Tesrg | HVEEM STABILOMETER AND COMESIGWMETTR TZSTS
" - =Lty
- ! . formaste mona Beve georewd o Tan '
b s ?'T)T_a:———‘ ! is ot emential 1 aim &t highes stability valoe as mx WH*._ - S raen v et fyong sEgTeRIIe
P_‘__I.’: +kat ‘ d l»ldl‘\°l criterin mentioned above, The cobemometer value cam S »
s . he design or be s
e & ) °f :.Iinl' with higher filler content or using harder penewraron grace b=
S = relative stability il - r
Dz = displacement on ipecimen represented ag aumber of \ymy of PUBP hangpe ¢, REFERENCE
raise P, from 0.35 to 7 kgjem? ; U.S A
: : P crete, The Asphalt Jnstarute, U5
Py = verrica] Presmure at 28 kgjem? or 2975 kg total load 1. Mix Design Method for Asphalt Con u phed
‘ Pa = horizontal pressure corTesponding to P, = 28 kgj/em?
* Coheriomster Vaine EEST

The cobesidmeter valye _ilcalculned using the tollowing &lﬁiomhip :
e et i 5
where .
C = cohesiometer value
L = weight of shots, g
' "W = dismeter or width of specimen, cm
H= height of specimen, em
Dexsity and oids analysi . :
Using the bujk density: of the- test specimens, percent air voids etc., are calculated as explained in
Marshall Sability tesy, ;
() Unit- weighe
()" Percent-air-vojde -
. (ili) _Hveem stability
(ivy GCohesiometer value,

Discussions and Appﬁution' - T3 5
Hveem methog of deg

gn has beén back

ed by excensive Performance studies. Atphalt Institute

: ’ ' Traffic
b4 Value
; ‘Light Medium . Heavy .
. Stabilometer - 304 354 37+
Cohesiometey- sy 504 S04
C Swenc . less’ than 0.75 meg,
While making use of these requirements

PROBLEMS

l.  Outline Hveem Srabilil,v_t_esl.

2. How is Cohesiometer test carried out ?

. Enumerate the mix design method based on Hveem Stability tese.

b A OBSERVATION SHEET
() Type of aggregate =

(i) Type of grading =

{iii) Bittmen type =

A. Hveem Stabilometer Test

Particulaps®

d i . R. Merna, McGraw Hil Beeik Ca.
2. Asphalt Pavement Engineering H. A. Wallace and x

[ = T=T%

Bitumen content by weight of
Aggregate, percent

Bitumen content by weight of
mix, percent

Weight in air, g

i Weight in w‘nl‘er. g

. Bulk volume, cc
Bulk densiy, Q{cc. '
Air voids, 'percem,

Unit weighe, glec
—n B

' "Average values of three samplas

—
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19 % .
%  HVEEM STABILOMETER AND COHESIOMETER TESTS d
» ; AL e .vn--l. : ' .-.' - . . - s (52 “'*_ ; 3 N b o - «
1 e - FLo HA RS TmREBLERG . % E ) - } : ' ;
1' : \ Y e - -s 7 - ks -‘_’ )
l . : ..”_'. 40w D A ‘ . -‘
| ..y OBSERVATION SHEET" ' = o Bt : ._ BTt o
! . .‘,._:‘ !‘.If‘.‘.' !u;'.'._":}}. '.lu"v.;\.-' i S Gt Sy 12 LI CER U = TEy 2. ) | & S \ s _ e : “"I ey
' HVEEM STABILOMETER AND. COHESIOMETER TESTS n : _ . i
; ’ BW3JEDNS L ‘ 1 : T iy : - |
(i) . Type of aggregate ik 4 = (i) Birimen content = ) . i Joos aC gz i
A e : s . Nk Feri " ~— 1 i 9 \ 1 G -
() Type of grading = = ' - . . 'Gv)"Bitomen' grade = L _ i | | iy
- i Y ST aesd pilslal meeyl ao besd podiio: . : ] AT, - ‘. .o Sia S
T N i .,. 153 Ra 4
+ STABILOMETER TEST.. .. .. . - L | _ L e = >3 ;
1 Tot.[ Joad Pme ‘. S 1Y -Bind:rcmmn(. percent I ‘ Remark—‘-“ . R . _ {

kg o [ lglem® | A ! B= l c= '_I,.Dz ' E= |

07w s g it = PRI
908 i _ o : RN - LR R i we L ' .

1627 age. L e : - ' .
1816 . 224 - e S K. : ; | . e _ |
a4 33.6

- . COHESIOMETER TEST TR ‘e : . 2 _ w

Temperature, °c " :
Weight of ghots, g -
Cohesiometer value \

Remarks :

ey A
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LR EPe

1.

-P?F”

v _'Bntumen Stmpler

3 Dumluy‘l‘emg Machine

Eduipment for highway material testing laboratory

| PART 1 “TESTS ON SUBGRADE SOILS AND STABILIZED SOILs

Compression Testing Ma.chme Clp.my 5 Tons,
strain controlled at 1.25 mm/min,

Appmm; for Hydmmeter and Pipene analyses
“Triaxial apparatus )

Plate Bearing Test Equipmerit

Iowa Bearing Value Apparatus -
Extrusion Tests Apparatus for soil-bitumen mix
‘North Dakota €one Test

. Field Density Test-Sand Replacement

Apparatus and core cutter

PART I TESTS ON AGGREGATES’

Set of L.S. sieves T
. -Sieve Shaker
Liquid Limit Appararus g
- -Shrinkage Limit Apparatus -
- Compacton Test appararus 10.
(a) For LS. ngh:Compacuon ; : RIS
(b) For LS, He;vy C-ompacuom : : 12.
. G.B.R. Appanms ; : :i
Indian Standard Sieves for aggregates. s
Apparatus for determining Angularuy Number 8.
Riffle : - 9.
. Compression Tuu.ng Mu:hme Capamty.so 10,
tommes - S
Aggregate’ Crushmg a Vilue Apparatus. ;
Bntuh ('Dorry) Abrasion Machme Koo 11:

Penetration Apparatus
(Hand operated and automatic) '
Ring and Ball Apparatus -

©@Noe

Los Angeles Abrasion Machine

" Deval Abrasion Testing Machine

Aggregate Impact Test Machine
Diamond Core Cutting, Sawing and Grinding
Machines for preparation of Cylindrical Swne
- Specimens ’ )
. Leng1h and Thickness Gauges °

-EI'AK:I' .III mrs 'DN BITUMINOUS MATERIALS

Tar viscometer - -
Pensky-Marten Closed Teuer
Pensky-Marten Open Tester

Float Test Apparatus

Dea.n and Stark Apparatus

PART IV TEST ‘ON B['!'UMXNOUS 'M'IITUR.ES :

Mnrshl'll-Smbiliw'Ten Appantus -
‘Hveem Stabilometer and Cohesiometer -4

Triaxia} Cell" A.nemb]v and Testing Machine
Hubbzrd Stability Test equipment

fee ‘GENERAL EQUIPMENT +

'I‘hermusuncllly Controlled Drymg Ovzns 5.
(a) Controlled a1 105°—110°C +-1°C -
(b) Range 40°—250°C - 1’c

Weighing Machines 6.
" (a) Capacity 200g, Sensitivity 0.0lg, - 1.
(b) Capacity | kg, Sensitivity 0.1 g.
. (c) Capacity 3 kg, Sensitivity 0.5g, 8.
(d) Capacity 10 kg, Sensitivity g, -9,

(e) Capacity 50 kg, Sensitiviiy 10g. .

Freezing Cabine:, Thﬂmnstaucally Gommlled 10.
Range—23°C 10 30°C

Disiillation lppantus, Flasks Cundcns-_-rs eic.

. 182

Water Bath, Thermostatically Controlled, Range
010 100°C+2°C

- Dial gauges of least cc;unl 0.01 and 0.02 mm

Jacks, Sample Extractor, Moulds of different
Sizes.

Other Measuring Equipment like Scales, Vernier

Burette, Pipette, Jars, Thermometers etc.
Heating Devices and other Accessories
Reagents, Acids, Carbon Disulphide, Carbon
Tetrachloride, Toluene, Mercury etc.

* “Atterberg’s limits

Abrasion . 65
. —Tests 63
—Deval test 68 ,
~British or Dorry test . -
—Los Angeles test - 65 _. y
Absorption, of water .~ 86
Adhesion 95
—test’ 95 e
Angularity 88 ..
Angularity number . 91, 94
Aggregate
. —Cfu!hxl;g value 60 61 -
" —impact test 75' 50 = )
fEziEedaes =
SpR e

Attritim

—ad.hulon'ulr. ":"95-5"1'
. Bitumen materials =L o
—cutback (see cuthuck—-bxrumen) 122 .
—emulsion 129 et aegaroe
. —stabilization “1%2 E
. —mix . 13§
.. Briquette mould 105
Brookfield viscometer l15 :

California bearmg ratio (CBR) 30
. ==Laboratory test 30,35 -

—Field test "~ 35,37

Cement .

—stabilizadon (see soil-cement) 17
Classification of soils 2,4
Cohesiometer test 146
Compaction test 16, 20

_Cone test ~ 39 '
Consistency o
—limits and Indices 7,10
. C.R.R.L stripping test . 95
‘Crushing test -
—aggregate 60
—specimen 60
Cutback
—bitmen 122
.—medium curing 122
—rapid curing 122
—slow curing 122

“Field CBR test 35
Flakiness index 88

- Flash point 119

“Freeze-thaw cycles 51

. Kneading compactor 16, 136

Subject index

* Deval abrasion test 45, 63

Ducuility test 105

Elongated particles =]

Elongardion index c0

Emulsion 125 - -'_-
Equiviscous temperarure (EVT) _ 1{0, 128

Extension test serup 132

Field densicy test 21,25
Fire point 109 ~

Flaky particles 88 - - o *

—test 119, 126
Float test 117
Flow index 8

Grain size analysis 2.5
Group index . 6,12

Hardness of aggregate 39

Hveem stabilometer 136, 146

Hveem mix design method 146, 148 -
Hydromerer analysis 4

Tmpact

—{est on aggregate 76
—value 11,78

Joint fller 130

Length gauge 90
Liquid limit 7

—test 7 .
Los Angeles abrasion tex 65

Magnesium sulphate | 81

Marshall method of mix design 136
Marshall stabiliry test 137, 139
Medium curing cutback 122, 124
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| AT ey

171\ l-i '_!l‘: 1:_ ..l: 3
EANCIIE SRR St ey INDEX
154 : "u_\.‘ el -‘.;‘, - 'l : ,- .
' Mechanical analysis © 2,5 L ~test. . 10, %8
Mitst vistometer 1l 5, S —rauo 11
“Mix design, test 52 Sl Sliding™ plate m:cromcometcr © 115
Motsture eontent, "% TS0 Slow curing cuback ' 129, 12
7,1 GRS it sulphate “106 ¢
5 —opnmum,i ke I;,,,{m,, Y | R
Modulus * it : 4 . Sofiening point ]08
: qinnsienr paigad s :
- —of deformation ; 8 apparatus IUB
—of subgrade reaction ;. 3 . i !08 i
o e .l""'.)f. I SOII
North Dakota Cone Tesx % oy = i ,——cef;nem 41 48
g% - ?»r;‘.. Eamarx!_ § —classxﬁcanon ' 2 4 1
Opuumum ‘moisture content (9;\491 vi,_,_l ; —compacuon 16 .
Tz R Saibo desld ‘ —stabilization - 41
Page impact tes_t ' E"' 76 P B 'S'wundness test, 8i .
Penetration R LR, ,';‘.()F'_( ; : Spemﬁc. gravlty rest . 85
—grades . 103 g b wold! - 7Tonaggregate - 85
—test- - 101 2¢p -\ et —on bitumen 112 .
—value 103 . efen wridsadas eertabr_lometer} quem .. 136,146
Plastic limit -~ 7~ - o A SN Stn_ppmg test 97 '
—ftest 29 eirvleneeRi minel ;—-test C;RiRI - T
Plasticity-index - '._ﬂ,';gie__—.‘, omEBRpe o L el 2%
P]a.tebﬁrmgt&sl AT g gk e e ro E o
Pohshed stone value ot GE e —various grades . 127
A LR —testson ' - 127 :
'Rapld.x:m-ing' cutback. = -122° ¢ : ~ Ten percent fines value . 61 -
Ring and ball apparatus - +109 Thickness gauge 88
Road tar -~ 127 - _ Triaxial fest 26
oy g ey ot R  Unified soil classification 4
Sand TEPhcenlent_}I.elhqd 2, SR “Uhniforn." y coefficient 4
‘Sand standard Bizz- o 71 . " Al '
Sealer . 30 - Cosity o115
Sealing cotnpounr.. .131 ' L ety 115, 118
- requirements ' ["% 0 i ‘ -
_'g:ape BEAL . 1'38 {s ' We :;.';;tasérplion'te'st -85
nnkalge. T e g " -aghering 8l
—hmit T g " =dry cycles 50
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