6.1 SUBGRADE SOIL

6.1.1 Significance of Subgrade Soil ' .: N

Subgrade soil is an integral part of the road pavement structure as it prmridiﬁ%.
support to the pavement from beneath. The subgrade soil and its properties are imy yriant
in the design of pavement structure. The main function of the subgrade is to give:
adequate support to the pavement and for this the subgrade should possess
stability under adverse climate and loading conditions. e

The formation of waves, corrugations, rutting and shoving in black top pavements and

the phenomena of pumping, blowing and consequent cracking of cement concretel
pavements are generally attributed due to the poor subgrade conditions. ol
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| When _Eﬂ*iib i5_ used in embankment construction, in addition to Sﬂh:_ _
incompressibility is also important as differential settlement may cause fail rese e i

Compacted soil ﬂ"‘:,l E_'mhi]iZEd soil are often used in sub-base or base course of highway'
pavements. The soil is therefore considered as one of the principal highway materials. =&
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6.1.2 Characteristics of Soil P
e

formed by the disintegration of rocks, by S

ITost, temperature, pressure or by plant or animal life. Based on HEie

ldes

Soil consists mainly of mineral matter

action of water,
individual grain size of soil particles, soils have been classified as gravel, sand, silt__;

clay. The characteristics of soil grains depend on the size, shape, surface IEXREEE

chemical composition and electri ity i Bl
. . cal surface charges : densl influenés )
the engineering behaviour of a soi] mass, B%3. Molsture and cry % o

6.1.3 Desirable Properties

The desirable properties of soil as a highway material are
(1) Stability

(1) Incompressibility

(1) Permanency of stre ngth
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(iv) Minimum changes in volume and stability under adverse conditions of weather and

ground water
(v) Good drainage, and
(vi) Ease ol compaction.

The soil should possess adequate stability or resistance 1o permanent deformatson
under loads, and should possess resistance to weathering. thus retainmg the desired
subgrade support. Minimum variation in volume will ensure minimum variation
differential expansion and differential strength values. Good drammage s essentml o
avoid excessive moisture retention and to reduce the potential frost action. Ease of
compaction ensures higher dry density and strength under particular type and amount of
compaction.

6.1.4 Index Properties of Soil

The wide range of soil types available as highway construction materials have made
ohligatory on the part of the highway engmeer to identifv and classify the different souls
The soil properties on which their identification and classification are based are known as
index properties. The index properties which are usually used are grain sie dustribution.
liquid limit and plasticity index. Further the properties which are some umes used ars
shrinkage limit, field moisture equivalent cenlrifuge moisture equiv alent and compacted

dry density.

Grain Size Analysis

The grain size distribution is found by mechanical analysis. The components ol soils
which are coarse grained may be analysed by sieve analysis and the soil fines b
sedimentation analysis. The grain size analysis or the mechanical analysis i1s hence
carried out to determine the percentage of individual grain size present in a soil sample.

The sieve analysis is a simple test consisting of sieving a measured quantity of the
material thraugh successively smaller sieves; the weight retained on cach sieve 15
expressed as a percentage of the total weight of sample. Thers:dlmfnmhlmr! principle. Ih:tt
the larger grains in a suspension settle faster. is used for finding the grain size distribunion
of fine soil fraction passing 75 micron sieve. Two methods of test viz. : Hydrometer
method and Pipette method are used based on sedimentation principle. The details of the
grain size analysis tests as well as all tests on highway materials have been given by the

authors in their book. Highway Material Testing.

Consistency Limits and Indices

The phvsical properties of fine grained soils, especially of clays fﬁﬂ'r:r very much at
Elil’l"lr‘:n‘:r'lf|I wy:lcr cgntrms, A clay may be almost in a liquid state, or it may show plastic
behaviour or may be stiff depending on the moisture content. qFlaﬂmr}' is 3 pmm l:'.'lf
outstanding importance for clayey soils, which may be explained :ﬁ_—:th'nh;}' Lo mﬁrﬁu
changes of shape without rupture. Atterberg In 1911 pmpnsqﬂf a series © t;;;'s. miI:
empirical, for the determination of the consistency and plastic properties of Jine

These are known as Atrerberg limits and indices.

the minimum water content at which the soil will flow

Liquid limit may be defined as liquid limit is usually determined

under the application of very small shearing force. The
in the laboratory using @ mechanical device.
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these properies are gensrailv used in the wdentification and classification  of esiEE

=

Generully <oils having high values of liquid limit and plasticity index are poor ze
engineering materials  Both liguid limit and plastic limit depend on the type and amount
of ciav 10 soils.  The plastucin indcx‘EnErai!j- depends only on the amount of clay
present: giving an mdication of clav content in soil. In soil having same values of liouid
limit. but with different valuss of plasticitv index; it is generally found that rate of
volume change and dry strength increases and permeability decreases with increase'in
plasticiiy index. In soils having same values of plasticity index but different val T |
liquid himit, it is seen that compressibility and permeability increase and dry |*E

decreases with increase in liquid limit. Thus the values of liquid limit and plasticity
index help in classifving the cohesive soils. e

in addition to the above tests certain other properties have also been some time - in
identifving and classifving soils.  These include shrinkage limit, field mi:l'_' ure
equivalent, centrifuge moisture equivalent and compaction characteristics of the soils.

i "ol
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Field moisture equivalent of a soil is the moisture content at which the demands for
absorbed water are fully satisfied. The centrifuge moisture equivalent of a soii is the
moisture content retained against a force of 1000 times gravity for one hour. These tests
are seldom carried out now-a-days. In most of the soil classifications systems that are
commonly in use, the classifications are based on the grain size distribution (by sieve
analvsis), liquid limit and plasticity index of the soils. AR
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6.1.5 Soil Classification Based on Grain Size il 1

N
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There are several classification systems for soil grains based on grain size of soil -
according to which soils have been classified as gravel, sand. silt and clay. The act -
lirmits of grain size for each of these components are not same in all these :Iassiﬁcaﬁ:'
The most widely accepted grain size classification system is the MLT. classification
system. The Indian Standards Institution (1.S.1.) has also adopted the same limits of -
M.LT. system for the /ndian Standard Clussification System of soil grains. The limiis @

..... -

ol
the grain size for each component as per this system are shown below B
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Sand
Gravel : _ eor|
* 2 0.00¢ | 0002

0.0

*Values are in mm
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Fig. 6.1 Textural Classification Chart

6.1.6 Soil Classification Systems oy
The various soil classification systems in use in the field of highway engineenng are

(i) Burmister descriptive ciassification

(ii) Casagrande soil classification

(iii) Unified soil classification of Revised Casagrande soil classification and 1. S. soil
classification systems.

(iv) U.S. Public Roads Administration (PRA) classification

(v) Highway Research Board (HRB) or American hss*n:iat'im of State Highway
Officials (AASHO) classification or Revised PRA classification.

(vi) Federal Aviation Agency (FAA) classification.
(vii) Civil Aeronautic Administration (CAA) classification.

(viii) Compaction classification.

OF these systems, the Unified soil classification system has been very "::L' ¥ iy
in general for the classification of snils‘ for civil engmtﬂ“t;ﬂ;m"“mp. af Mw:h
classification or the revised PRA system 15 adopted for the classi

in Highway Engineering. Hence these two classification sysiems arc given here |

Unified soil classification system | . .
The Casagrande classification systein which was dﬂtl-up-:d n I'J:II; o :mw;
and adopted by both the U. S. Crops of Engneens

; ified e o M e :
1|Illflrm'éi Ia;;ﬂr:: L!‘H%uir::::n:iun and was re-named as Unified Soil Classification \ysiem
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The soils are divided into two board groups, coarse grained and fine Braine
arain size. The coarse grained soils include gravels (groups symbol G ) and s dop,
symbol S). Each of these component have been subdivided as well gradeg {sﬂ!‘ld (erog,
well graded with clay binder (symbol C), poorly graded (symbo] P) anﬁm ol Wy
containing considerable proportion of silt (symbol M). Thus a well graded b h'.'."*‘; 'i
well graded sand SW., poorly graded gravel G and so on. vel is Q-

wty _ﬁ']_l ‘2
rel .
i

i
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size) have been divide into two groups :

(1) Soils with liquid limit less than 50 percent or soils with low to |
compressibility (group symbol L).

(1) Soils with liguid limit greater than 30 percent or soils with high

(group symbol H). Eﬂmpre.;;;_h' i

-
i

| E}mf:mls M. C and O have been assigned to inorganic silts including very ﬁﬁa’- ' 3
morganic clay and organic soils (silt and clay) respectively. Thus Inorganie silt “,1 B )
plasticity 1s ML, inorganic silt with high plasticity is MH and so on. |
given in

fine grained soj] {s

Unified soil classification groups, symbols and limits of test properties are
'I_'ah!e 6.1 - This soil classification system makes use of the results of sieve
liquid limit and plastic limit tests. The classification group of the
found by making use of plasticity chart given in Fig. 6,2.

—
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Table 6.1 Unified Soil Classification ' o

+

Major Division Symbol]  Brief leseription of soil rypes Labaraio lurrﬂ;n-lu &

Well graded gravels and pravels |

sand mixiures

Poorly graded gravels and
avel =sand mixtures

Silty  gavel and gravel sand
meyures

Clean granel with
littke or no fines®

(less than $%:)

LW

(M

Cu= D.-gmm >0 '3 -
Gradation coelficent, 3
EED‘J‘DI. EI"'-.I"":' {
Not meetmg the Cuand = )
Cg requirement of GW: ©

Cioarse
gramcd sonls,

Gravel with
appreciable

maore than 50%w proparticn of
'“"Tm#! larper | mom sieve fines* Clayey pravels and gravel-sand-
than No 200 {more than 17%) silt mintures

SICVE SiZe
(073 )

Clean sand with
htle ar no fines®
{Less than §%)

sw | Well grnded sand and  gravelly|Cu < 4 G
sands Ce=| 103 s .
"'L"'J'ﬂf kraded sands and pravelly[Not meetmg the Cuand
SN

E I !I ﬂs :.I
FI "‘I-I'lﬂll'..l‘ll -I'..'lr ﬁfﬂ:ﬁ.'

st SC
| ; {mgae than 12%
Fine graimed Sulrs and clays witly %ﬂ_@kﬁlﬂ H_ﬂr ITE -g.am:l
iH E-m'l:r'l.. (W i

il et bgend homat Bess than S0 - <=
20"y maretialy —

smaller than Mo —

200 sicve size
(0 U748 mm Silts and clays wath hquid
bemir preater than 50 - <}~

Sands with
apprecidle

Clavey sand and  sand clay
mMixlures

Inorganic silis. very fine  rock

*Fines are those
smaller than No. :I-lmﬂ,!;
mun siae

size or 0074 EE

:_-.ﬁ'. L
I-...'

L B

-

s __.I

Urganic wilt and clayy

Peat and other hie iy organic sols

Highly organic sils

1.5. soil classification e

The Indian Standard Institute (I1SI) he : .
the Unified Soil Classification EJFEI.'LII:S also m.qutr:d a4 501l classification system bﬂ:‘""d

subgroups and their symbols. The paniculﬂrs?em ,[F'_ only slight variation in some uf
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Li0UID LIMIT
Fig. 6.2 Plasticity Chart
Table 6.2 1. S. Soil Classification

Silty-gravel or poorly ¢

&
S it et w gyl b oyvale | 8|
SC

SM

Poorly graded sands or gravelly sands with fitleornofioes | SP

Silt fing sands with “

hall of tha total material larger

Coarse - grained soil (more than

Inorganic silts snd

clays withlowor  [low

Peat _ |Peat __|Peat and other highly organic swamp soils
Highway Research Board (HRB) classification of soils

This is also called American Association of State Highway Officials (AASHO)
classification of Revised Public Roads Administration (PRA) soil classification system.
The original soil classification was developed by Bureau of Public Roads in 1928. Afer
about 15 years of experience, certain revisions and modifications were made and the
HRB classification system was developed. In fact by these modifications il is now
possible to have subgroups for properly classifying different smli types md tl'u.-._ number F'f
classification tests were decreased from six to three, thus enabling :lasmﬁ_:u!ur! of soils
by three simple laboratory tests namely, sieve analysis liquid limit and plastic limit.

Soils are divided into seven groups A-l to A-7. A-1, A-2 and A-3 solls are granular soils,

: ' ! . A<, A-5, A6 and A-7, soils are
percentage fines passing 0.074 mm sieve being |F$5 ﬂmr.l 35 .
fine grained or silt-clay soils, passing 0.074 mm sieve being greater than 35 percent.
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A-1 soils are well graded mixture of stone fragments, pravel Coarse

= i

and non-plastic or slightly plastic soil hinr}er. The soils of this group are g, b?f H'
two subgroups. A-1-a, consisting predominantly of stone fragments or iVideq 0

+ grave| anq Mg
consisting predominantly of coarse sand. ! and Aqy

aii s ] I.I :’

Ing from A-] " I
'No subgr ﬂ'upé,’:_ :ﬁ

oL >

A-2 group of soils include a wide range of granular soils rang
groups, consisting of granular soils and upto 35% fines of A-4, A.
Based on the fines content, the soils of A-2 groups are subdivided
A-2-5. A-2-6 and A-2-7.

A-3 soils consist mainly, uniformly graded medium or fine sand sim
or desert blown sand. Stream-deposited mixtures of poorly graded
coarse sand and gravel are also included in this group.

ilar 1o beach ot
fine sand with et

A-4 soils are generally silty soils, non-plastic or moderately plastic in n
liquid limit and plasticity index values less than 40 and 10 respectively.

alure wiy

A-3 soils are also silty soils with plasticity index less than 10%, but with I:quﬁ .
uf-.!ues exceeding 40%. These include highly elastic or compressible, soils. usuallv il
diatomaceous of micaceous character. S

|
- —

|
e,
'r_- I

A-6 group of soils are plastic clays, having high values of plasticity indéx':"' fing
III_J% and low values of liquid limit below 40%: they have high volume change p operties
with variation in moisture content. -t

A-T soils are also clayey soils as A-6 soils, but with high values of both L g
and plasticity index, (LL greater than 40% and P] greater than 10%). These soils ha

low permeability and high volume change properties with changes in moisture co ' L
Groups Index of Soil '

- T
i {u !

Fine grained soils of each classification group exhibit a wide range of properties 8
subgrade material. .

In order to classify the fine grained soils within one judgi r"r":
St ; group and for judging He
suitability as subgrade material. an indexing system has been irntroduced in HKS

classification which is termed as Group Index. Soils are thus assigned arbitra

numﬂ:ical nu_mhers known as group index (GI). Group index is function of per ',.r'-.:
material passing 200 mesh sieve (0.074 mm), liquid limit and plasticity index of soil &8
15 given by the equation : - B |

.

- ‘-I

Gl = 0.2a+0.005ac+ 0,01 bd A
Here, a = that portion of material passing 0.074 mm sieve. greater than 35 Ir
exceeding 75 percent (expressed as a whole number from 0 to 40) 4 .
b = that portion of material passing 0.074 mm sieve greater than 13 & v
exceeding 35 percent (expressed as a whole number from 0 to 40) . ¥
¢ = that value of liquid limit in excess of 40 and less than 60 (exp ;

whole number from 0 1o 20) B
| ey

d = that value of plasticity index exceed: 255
ceeding 10 E:than3ﬂ{..u -
as a whole number from 0 1o 20) B A . o

According to this formula, the minim g
maximum possible value is 20, when th
liguid limit and plasticity index are r
Higher the value of group index, poorer

um possible value of group index is zerd * "
¢ values of soil fraction passing 0.074 ':'j:-;_
cspectively higher than 75, 60 and 30 PSSR

o B
- .1. - 2E

= } _l: o
s the soil as subgrade material e

ia

il = i

= I..I.. 1'
'T--J- 1--
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The sub-groups A-2-6 and A-2-7 soils of A-2 group have G values 010 4, A-4 group
of soil have GI values up to 8; A-5 soil up to 12, A-6 soil up to 16 and A-7 soil up 1o 20,
The group index value is indicated as suffix to the soil group within brackets, such as A-6
(4) or A-6 (16). In this example an A-6 soil with group index value 4 is considered as
superior subgrade material than the A-6 soil with group index value 16,

The soil groups showing the classification limits of various properties is given in Tabie
6.3. In order to classify a soil, the values of test results are attempted 1o be fitted in from
left column towards right side of Table 6.3 and the correct group is found by the process of
elimination. The first group from the left to which the test data fits in gives the
classification group. Figure 6.3 gives the chart for finding the group index value form the
values of percent passing 0.074 mm sieve, liquid limit and plasticity index, instead of using
the Eq. 6.1 for group index. Here the group index value 15 the sum of the values obtained
on vertical axes from both the charts based on the values of percent passing 0.074 mm
sieve, LL and PL Fig. 6.4 gives the chart for classifying fine grzlr[md s0il :ﬁlmn the lq}ud
limit and plasticity index values. GI values have been made use of in the design of flexible
pavement thickness in one of the empirical design methods as given in An. 7.3.2.
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or l=ss or morae
15 25 35 a5 55
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or more

PERCENT PASSING NO. 200 SIEVE

or [ess

Fig. 6.3 Group Index Chart

Characteristics of Soil Classification Groups

The soil classification systems have gained "“'”mtr?::u mﬁ ol st::tﬁ;
soils belonging to the different classification groups are quanirs and volume changs
Or hgaring ﬁpﬁ:it}', drainage characteristics, Fﬂlﬂl‘ll!iﬁl ffﬂ‘:;-td lil'-'llﬂ';t iodged by L aowied
properties. The suitability of soils as subgrade MR 0¥ p..,me s iﬂjuf the unified soil
the soil classification group. In Table 0.4, o o mtf%:m ropertics of the HRB soil
classification groups are given. Table 6.5 gives some 0% IhS POPL '

classification groups, Thus sqil classification 1s use
characteristics from simple physical tests.
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PLASTICITY INDEX-PERCENT

LIGUID LIMIT - PERCENT

Fig. 6.4 Chart for Classifying Fine Grained Soil (H.R.B. system)
Table 63 Highway Research Board or AASHO or Revised P.R.A. Soil

| . sasurg N 200 sere =22 10.074 mm)

| Cessfeatenbrom | A1 | A3 | 272 7 6
. Sbdasferen  IAl3IA1E A24 |L25IA25] A2T i Al
E"-“: TSl i 4 ' I.' .1 ]
= EEEENEEEEENE
e 10 zeve 53
o | | | ][ E
;hz Ll tmvE 3

{042 mem el 2 | mar

Ne. 200 e 15135

M.U78 o rsl mar | ma

Caecstcs offraction | | T [

Fusge se [ T —

Lyad et Bl .

Plattty nder

@) CI'EEH"" the s0il by (i) Unified and (ii) HRB soil classification systems: .- = *
(b) Discuss the suitability of the soil as 2 <ihord. 7 |

P N |
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Solution
(a) Soil classification
(i) By Unified System

Refer Table 6.1. As more than half (6025) is finer than 4 76 mm sieve and there 202 00
fines the soil is sand or SW or SP groups.

Uniformity coeflicient Cy = —& =316 _44
D, 06
. 3 fﬂﬂ,f 2
Gradation coefficient C, = .- =17
- Cz D.H; ng 4.?&:‘" ﬂ'.-ﬁ

As Cy is greater than 4 and Cy is between | and 3, the classification group of the snd
is SW.

(i) By HRB System

From Table 6.3, it is found that the classification group is A-1-2. ,_
(b) Suitability as Subgrade Material
Refer Tables 6.4 and 6.5
rainage
Volume change _
Potential frost action Z
T T S

Example 6.2
The properties of subgrade soil are given below :

' Passing 0.074 mm sieve = 53%
Liguid limit = 50%
Plastic limit = 41%

(a) Classify the soil by revised PRA/HRB system

(b) Discuss the suitability of the soil as 2 subgrade material,

Solution |

(a) Soil Classification .
From Table 6.3, as percentage passing 0.074 mm sieve is more than 35, the soil is fine
grained.
LL = 50%
PI = LL—PL=50-4]1=9
Using the charf (Fig. 6.4) the classification group is A-5.

Group Index, GI = 0.2 a + 0,005 ac + 0.01 bd
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“ Excedlent
Excellent 10 | 1.76-2.08 W > 8.33
ro0d

o
ynad

Akmt
-

| Fairtnm " Very sight_| Sight
Slight to
medism .

278 -5.55 Very poor
oot vl st Pl

1.28 - 1.60
ﬂw r
a = 55-35=20
b = 55-15=40
c = 50-40=10

d = 9-10=0 (min)
%Gl = 02x20+0.005 x 20 x 10 +0.01 x40 x0.

= 40+1.0+0=50
Alternatively G1 may also be found using charts (Figure 6.3) and is fU““d
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Soil classification is A — § (5).

(b) Suitability as su bgrade material
From Table 6.5,
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R.B. Soil Classification Groups
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6.1.7 Subgrade Soil Strength ,

The factor on which the strength characteristics of soil depeng Al A5

(i) soil type . l-. ;
(i) moisture content | "-'-'_"*:-f'_'i_;'-

(iii) dry density

(iv) internal structural of the soil, and
(v) the type and mode of stress application B =
E s
The problem of predicting the stress-strain relationship of soj] js diff; Rl
the diversity in the soil types and the non-homogeneous nature of th'f-‘ﬂhf h“"“ﬂﬁf
foundations. Generally the highway engineer is interested ip the € sm.]*_'.“]ﬂf' ]
resistance to deformation of the soil under the stress applications. Stability o

In a soil mass, the deformation is largely due to slippage between cnif - . .
Hence the shearing resistance in soil represents the strength. The s ou P"ﬁgﬁ ¥

soils is cf.:-mphcated as the shear deformation cause reorientation of p::tl:fle':ﬁhﬂﬂlﬁp |
changes in volume, valence bond between particles, thickness and other pr’:F‘“q-gq;.g )

adsorbed layer of water. Perties -_-ﬁ*"

=
_

|
'F' I|II
34700

\

|
-
r s

Though many theories of failures of materials are known, Mohr's theory is the md

useful one for ‘SﬂiIE. The basis of his theory is that a material fails when the sheaiss . B
stress on the failure plane is definite function of the normal stress acting on that p &

J

= ]

iy "
i

that failure occurs by slippage only. Shearing resistance in a soil mass ic commaiy
st |

o lgllaog™ =)

attributed to internal friction and cohesion parameters of the soil. For majority of Soils IE

shearing resistance is made up of both friction and cohesion. For these soils the shearite.
resistance on any plane is given by Coulomb 's empirical law : B

.

s:&ss. The value of ¢ depends on the dry density of the soil, grain size distributi
e tﬂ.mfm of soil strength hence depends on the value of ¢ and the nom#
E;ESE;T:I n: shi::'hng plane, 0. Cohesion C is the resistance of soil grains to diﬁplﬂb?@?._'i!
intemntccu‘i: :F:dtat the Emtt'at:e of contact by very fine grained soils asrﬁ“ﬁg
A Sithole tern nh fh ectrochemical ﬁ:lr-:es of attraction. Cohesion may be said.tul i
i oth the [rue cohesion which is due to intermolecular attraction and %

conesion which is due to surface tension effects of the held water. Thﬂ'*’ﬂl"""

C depends on the type of clay mineral. its < - o ofthe
clay and the water ?tf:tﬁ'ﬂ: ay mineral, its size, the surface charges, the proportion _';._-'q};-ff,ﬂ

b

viscoelastic behayioyr.
loading cycle. the magnit

6.1.8 Evaluation of Soil Strength

The tests used

0 eval Aivided S B
three groups : Hate the strength properties of soils may be broadly ViR =
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(i) Shear tests,
(ii) Bearing tests, and

(iii) Penetration tests

There are number of test methods in each group.

Shear tests are usually carried out on relatively small soil samples in the laboratory.
In order to find the strength properties of a soil, a number of representative samples from
different locations are tested. Some of the commonly known shear tests are direct shear
test, triaxial compression test and unconfined compression test. Vane shear tests may be *

carried out either on a soil sample or in-situ soil in the field.

Bearing tests are loading tests carried out on subgrade soils in situ with a load bearing
area. The results of the bearing tests are influenced by the variations in the soil properties
within the stressed soil mass underneath and hence the overall stability of the part of the

sail mass stressed could be studied.

Penetration Lests may be considered as small scale bearing tests in which the size of
the loaded area is relatively much smaller and ratio of the penetration to size of loaded

area is much greater than the ratios in bearing tests. The penetration tests are carmied ot
1 the field or in the laboratory. The California Bearing Ratio test and cone penetration

tests are commonly known penetration tests.
There are number of factors which affect the results of the strength tests as mentioned

below :

(i) Factors which are primarily associated with the actual tests such as .rri:?:t and shape
of the specimen, method of loading, rate of loading and drainage conditions.

'{ii} Factors which are associated with the soil such as soil type dry density, moisture .
content, permeability structure and other properties of the soil

Some of the commonly adopted tests for evaluating soil strength characteristics are
briefly discussed here. -

Direct shear test

is i i ‘ ally
This is one of the oldest of shear tests. The direct shear apparatus consists essenliall
of a box divided horizontally into two halves. One half is kept fixed and the other half is

free to move horizontally. A vertical load is applied and the huriznntaTl pull is caused 1o
produce a certain raté of horizontal displacement. Th-:_ vertical and hunzunla_l movements
are measured by dial gauges and the horizontal force is noted from the proving ring dial.
The maximum horizontal force is measured for Qiﬁemnt values of normal load. The
values of maximum shear stress applied for the different \i:EI"[IEEl siresses are :ufnpmm::
and plotted as shown in Figure 6.5. The values of cohesion (C) and angle of intema

friction (¢) are found using Coulomb’s equation for shear stress (Equation 6.2).

[ this test. The failure plane being predetermined

' mminent plane of failure. The
' not necessarily represent the imminen _
s e ilure plane is seldom uniform. The arca

s | i izontal fal
shearing stress and strain along this hori g wapssesiivg B
ured. It is also not practicable to

‘ [ ith displacement.
of cross section of specimen decreases with disp
the soil specimen can not be easily controlled or meas Bedebrabys gl

measure pore water pressure during the test. Carrying out
sandy soil is rather impracticable in the shear box.
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Fig. 6.5 Direct Shear Test Results

I'riaxial compression fest

The object of triaxial compression test is to determine the slye_ar strength of soif
lateral confinement. An attempt is made to ﬁamuﬁlat;the con Ifinmg pressure obseryed
1oaded soil mass. In the test set up, it is possible to prnwde*umﬁ}nn fluid-confinjne.
oressure only. Cylindrical specimen of height to diameter ratio 2 is inserted in a thp
membrane, placed in a triaxial cell and the required lateral pressure is appl; ﬂd?
normal load is applied through vertical piston by means of a strain controlled machine
and the maximum vertical load at failure is recorded. The specimens are usually

subjected 1o a constant strain rate of 1.25 mm per minute. Usually the lateral pressi

is maintained constant and the vertical pressure; o) is increased until the specinien fai ,,-,
In some studies the volume of the specimen is maintained constant by adjusting. he -

i

ot iy
I 1

i

- ]
| | =

- Yher oy e 1 h
lateral pressure, o3 during application of.vertical stress, oj. The specimen may-::!:h:riln. -

by shearing or in the case of saturated clayey soils by bulging. The deviator stress, mF'J
under which the specimen fails is (o] — 03). (See Fig. 6.6). The various values ofr -.Jj}ﬂﬁ
stress, a1 and hence deviator stress, o4 corresponding to the different values of latenal -
pressure g3 are obtained from the triaxial tests. ¥ o

-
tll‘l
L.
Hy A
H... /
|
L g
et
L §
-
: ] =
> 1
L -
-L rh-lL-“

Fig. 6.6 Stresses in Triaxial Test
The tests are carried out

lateral pressures. For the
considered desirable.
failure are plotted and
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Fig. 6.7. A common line tangential to the circles is drawn, representing the Medr rupture
envelope.  The intercept of this line with Y-axis represents the cohesion € and the 25
inclination with X-axis represents the angle of internal friction § of the sl

Correction for Area of Cross Section

In is necessary to correct the stress value for the increased area of cross section due (¢

loading. The corrected value of deviator stress is found with the assemption that the
volume of the specimen remains constant and the area of cross section of the specimen i3

uniﬁ:nﬁl}r increased from the original value of Ag to'A) due to load Pi. Volume
Ao lo= A1 1} = Ay (lo— A). In that case the deviator stress a4 is given by :

e

Here A =
5 =
Ay =
P =
G4 =

After calculating the corrected value of g, oy is

O| = a4 + o01.

Basic Types of Triaxial Tests
The behaviour of the soil

piaam giegey V=

b 4y

NORMAL JTRESS O

t‘ rl l"
- «

Fig. 6.7 Triaxial Test Results

i:ﬂﬂ;i:(ﬁi}

=i A! ﬂ:’.fn '4'56# fﬂ

oq = leit<8) (6:3)
A'ﬂ

total deformation of the specimen = (ly — /1)
unit SH'Eil‘l - M.Irn
original area of cross section

applied load

deviator stress.
calculated from the relation,

specimen during testing is influenced by the condition of

drainage allowed during the test. ?

Drained tests or slow tests are those in wh
during the application of both siresses, @3 an
consolidate under the confining pressure, o3 an
and increased so slowly that n

ich the drainage of specimen is permitted
d 64. The specimen is allowed 1o fully

d then the deviator stress, og is applied

o significant pore pressure is built up while the specimen is

under the test.
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Joundrained test o consolidated-quick test, complete Bates (< o

. L [ ’
ssire ey betore applying deviator Mlreyy er'm" g
s applied. - NO g b S

i consaludate

allowed under the contimmgt pre
permitted when the deviator stress |

L |

F

In undrained or guick test, 0o drainage is allowed at any SABC.  The ; I_;_
rl ."-:.I

pn*u:ﬂh:'tl betore ."lp[llji INL the i:i'll'lﬁﬂl'ﬁg pressure, oy and dul’il‘lg the
deviator stress until the !-[Tﬂl'l'tﬂl lails, Excess pore pressure t:mlllllt}ll]y e

the tesl.

In pavements the load applied are mostly fransient and during the loadie . HIEE _:
drainage can not take place in the subgrade soil. In order to simulate consolig iﬂg cyele
subgrade under the pavement, it may be desirable to consolidate (he sa:: ?“ fthe £
equivalent confining pressure before the application of the load and thys the cml: “logy
quick test is justified for the pavement design. If the pavement is designed for :"I ‘
loading conditions as for the parked or stationary vehicle, then the possibility nl"
in the subgrade during the loaded period may be considered. .
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Interpretation of Results of Triaxial Test

‘ -
PR N e T

, .. I|I_ W

i -.- e
e 1
I

Besides values of C and ¢ the behaviour of the soil under the loading -'rfs-.ﬁ
Judged from the stress-strain relationship of the soil as shown in Figure 6.8, These &
seldom indicate a straight portion even at the initial stages of stressing. Hence it is pot
possible to interpret the strength of soil in terms of modulus of elasticity as done in the
case of various structural materials. In flexible pavement design the '~
deformation of the soil is used. The modulus of deformation is the ratio of stress .:.5:;':'1_.' B!
at an arbitrary point on the stress-strain curve. This point is decided based on the
anticipated stress in the subgrade under the pavement or an allowable value of @
defunnatjnn. As an example, if the anticipated stress under a flexible ..H;{;__; o
p kg/om®, then the modulus of deformation is equal to p/d where & is deformation

corresponding to a stress of p kgh:mz. in the triaxial test. Now the value of the modulu:

el
i L 4
- i
1
i
L

i
5

L
i

I"i‘ = [ |

of deformation at any stress level will depend-on the confining pressure o3 pplied.
-Hence it becomes necessary to decide the value of confining pressure for-the triaxial festt =
However the term modulus of elasticity is also used instead of modulus of deformation
for usual computations. N

SANDY CLAY
= 'l - .
- ¢ CLay
: i -
Bl =g 0
l Ll
' a3
I ;
]
[
o 3
FTRAIN —§=

Fig. 6.8 Stress-Strain Relationship of soils
Unconfined compression test

The unconfined compression test may be considered as a special ﬂﬂiﬂ""f{ir

compression test when the confini : : sive 30
Ng pressure is zero and the axial compres nd e

only 1s applied to the cylindrical specimen. The stress may be EFP"F‘I-:: =

....ll.. ‘j = -

e e
.l. 5 i -
e ok L ISR

SUBGRADLE %01, i b

deformation and load lﬂﬂd?ﬂﬂi are nated until the specimen fails.  The area of cross
section of specimen for various straing may be corrected assurmang tnat the wedume of the
g,pct;iln!:rl remains Lunjmm and that the specimen retains cylindrickl crons weotionsl areas
as explained under triaxial test.  The maximum axial stean s neded.  In clars when
plastic failure lakes place, no definite value of maximum or peak stress Comld be edsed,
in such cases the stress at 20 percent strain is some time adopted.

The Mohr circle of rupture for an unconfined compression test passes through the
origin, [t is not possible to draw the Mohr rupture envelope from a single circle, end o

the values of C and ¢ cannot be determined as such  In case of quick or undramed e

carried out on saturated clays, the value of & may be assumed as zero and hence the Mone
envelope will be a horizontal line touching the circle with the unconfined compressrve

strength q, as diameter as shown in Fig. 6.9(2). Hence cohesion 15 hall the unconfimed
compressive strength-in this case 1.e., C = q,/2.

— uNTonNFIindD
COomMPEESYNE
T,

(a) For saturated cla)
where ¢ = 0
Fig. 6.9 Unconfined Compression Test Results

The failure plane of an unconfined compression or triaxial specimen (when a d::ﬁnit_:
failure plane exists) makes an angle 85 = (45 + ¢/2) with major principal plane. Hence it
the angle made by the failure plane in the specimen with the horizontal, By. is noted, ¢

may be calculated. The value of C also can be calculated from the gu?mcui::i
relationship of the Mohr diagram. The values of C and ¢ may be very easily found

vraphically as shown in Fig. 6.9 (b).

The unconfined compression or the simple compression 1s suitable to test cohesive
soils and all materials having high values of cohesion or bond strength such as soii-

cement elc.

Plate bearing test

The plate bearing tests is used to evaluate the supporting power of suhgmnj: I‘q:; 1:5: :‘
pavement design by using relatively large diameter plates. The I;}llt Mindg e
originally devised to find the modulus of subgrade reaction n the Westerg s analy

for wheel load stress in cement concrete pavements. ot
The test set up consists of a set of plates of dinmﬂ::rn?lﬁ;::,:i:r::ﬁ :r? :rr:“: agnin:
device consisting of jack and proving ring arrangeme ing far from the loaded

: ' ' A datum frame rest
which the jack can give a thrust to the plate. - _
aréa and djiul gnugi from this frame are used to measure the <eltlement of the leaded

plate. The loading arrangement is shown in Fig. 6.10
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Fig. 6.10 Plate Bearing Test Set Up

Modulus of Subgrade Reaction ‘ .
Modulus of subgrade reaction K may be defined as the pressure sustaine.d-l":--‘-"

deformation of subgrade at specified deformation or pressure level, using Spe 41-
<ize. The standard plate size for finding K-value 1s 75 cm diameter, Byt IN Some t. ate

-
& } h...
=,

smaller plate of 30 cm diameter is also used. Bl

The test site is levelled and the plate is properly seated on the prepared gy rfm:g, IL}:

stiffening plates of decreasing diameters are placed and the jack and Pfﬂ"a'ing:g
assembly are fitted to provide reaction against the frame. »Three or four dial gauges ; ??i

fixed on the periphery of the plate, frnmzlhﬂ independent datum frame for meacn 4;:;.[
settlements. A seating load of 0.07 kg/cm” (320 kg for 75 cm diameter plate) is apnfied.
e ¢

and released after a few seconds. A load sufficient to cause approximately 0,25 m
settlement is applied and when there is no perceptible increase in settlement or whenthe

rate of settlement is less than 0.025 mm per minute (in the case of clayey soils or wet
soils). the readings of the settlement dial gauges are noted and the average settlementis

4

found. and the load is noted from the proving ring dial reading. The load is then
increased till settlement increases to a further amount of about 0.25 mm and the a *.

settlement and load are found. The procedure is repeated till the settlement reaches 0.175
cm. A graph 1s plotted with mean settlement versus mean bearing pressure as shown §~

“ I |

K-value is calculated by the reaction,

K = ‘1':1—]2_5 kg!cmzfr:.m (or kgfcmj} -

—
=

mfanm BMARINE PRATSSUNT  wgic-

The moisture content

a i : - . may > e
represent the worst moijst gt carrying out plate bearing tests = poti

Hre condition likely to occur at the test Site: o R

SUBGRADE sO11. K7

-

practicable always to carry out the test at such a condition  In such cases the value of
modulus of ﬁ_uhg;md: reaction K is found for the prevatling moiture condent and the
value so obtained may be modified for soaked condition

.ﬂ+ﬂi:r Il_'l'l‘: plate bﬂﬂfiﬂg lest, two consolidation test SPECInCns Arc prepared  One
specimen is tested as such without soaking by applying increments of pressure and the
pressure deformation curve is plotted as shown in Fig. 6.12, The deformanion & of a
sample ci_:trrespnnding l0 @ pressure p Icgr‘:m: required in the plate bearing test 16 cause 3
deformation of 0.125 cm is noted. Then the other specimen is soaked and consolidation

test is carried out; the pressure p required to produce the same deformation & 1 noted  in

the soaked test. (Refer Fig. 6.12). The modulus of subgrade reaction K, for the soaked
condition is then calculated from the relation

Ke = K& (6.5)
P
JaE0ARN D
SPECimaf iy
' .
- d T R . .
§ oo :
= e
oo B
o
o3 *

PIFORMAY 0w OF SPiCimin =

Fig. 6.12 Correction for Soaking in Plate Bearing Test
Correction for Small Plate Size

In some cases the load capacity may not be adequate to cause 75 cm diameter plate o
settle 0.175 em. In such case, a plate of smaller diameter (say 30 cm) may be used. Then
K-value should be found by applying a suitable correction for plate size.

Assuming the subgrade to be an elastic medium with modulus of elasticity E {kg-‘mzl

the theoretical relationship of deformation, A (cm) under a rigid plate of radius a (¢m) 15
given by :

pa _
A= 118 — (6.6}
E
et oL piB=n B
A 1.18pa 1.13a

If the value of E is taken as constant for a soil then K is inversely pfnpﬂn'iunnl O & OF
Ka is constant i.e., Ka = Kja; or K = Kjaj/a. Hence if the test 15 camed out with a

smaller plate of radius a; and the modulus of subgrade reaction K is found. then the
corrected value of modulus of subgrade reaction K for standard plate of radios a,

obtained from the relationship

K=H:-ﬂ—l-
a

(6.7
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Example 6.3

\ plate load test was conducted on a soaked subgrade during MONSOop ¢ ;_:i-.'-,-, e
. E CasA. " i .

plate diameter of 30 cm.  The load values corresponding to the mean g O Wi
readings are given below. Determine the modulus of subgrade reaction for :::"'ﬂll
nlate. },*I

“ean settlement values, mm mmm o :'
Mesa seuleme w0 1160 00 1 0]l ]

i*r .I

kT
|}
.

E

i i

~ILK

|

4 o

Solution 9
The load-settlement curve is plotted on a graph paper (similar to the it _.
Fig. 6.11) and the load value p) corresponding mean settlement value of A = {}125

determined = 1490 kg. - e o
1490

Unitload p; = - 1'.:5:.!::1111
mls°

Modulus of subgrade reaction K for 30 cm diameter plate

I : T 1490 1
= —F—— = 1686k
A n15%%0.125 y/em

Modulus of subgrade reaction K for standard plate of dia. 70 cm.

-
= -
: = -
-.'d n ...1#_
| =SS
|
= ™

=i H-'[ H.I . |6.3ﬁ! 3n I 3 .:Ih = -::.—-
: 2 e 1& 1‘ "
(Note : As the plate load test was conducted under soaked condition during ...f

season, there is no need to apply correction for subsequent soaking).

California Bearing Ratio (CBR) test - o ’

This is a penetra_'liﬂn test developed by the California Division of ’}I
method for evaluating the stability of soil subgrade and other flexible pave LG

pi

mﬂl'{fiﬂls- The test results have been correlated with flexible pavement "1'1'-55*5"135'5
requirements for highways and air fields. The CBR test may be conducted |

M

I.I_.l

- T Ll
L

laboratory on a prepared specimen in a mould or in-situ in the field. . .*I .?".:-‘:]
The laboratory CBR apparatus consists of a mould 150 mm diameter with a base PESES
and a collar, a loading frame with the cylindrical plunger of 50 mm diameter 5'-;-_".?" '-

gauges for measuring the expansion on soaking and the penetration values, S8
Fig. 6.13. R

f 5088

=

The &

— =
1

Briefly the penetration test consists of causing a cylindrical plunger ©

diameter to penetrate a pavement component material at 1.25 mm/minute.

V e
alues to cause 2.5 mm and 5.0 mm penetration are recorded. These loads are &%= gges
as percentages of standard o "

value. The standard load val

crushed stones are 1370 and
penetration.

i

'-'I--I [

.|— Bl
; )

— i
i

ad values at respective deformation levels 10 00 .f’f;iif.-ﬁ.
ues obtained from the average of a large number ﬂd;.u
2055 kg (70 and 105 kg/em”) respectively at 2.5 87

11' Ife2 258

e IR
e swelliNS=pid

The specimen in the m - e

waler absorption valyes a ould is subjected to four days soaking and th

re noted. The surcharge weight is placed on R
I
s

s

i
||r:|
[IE]
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by
-

SURCHARGE
WEIGHT
14T MM DA

L

HER DIAMETER
OF MOULD 150 MM

PEDESTAL OF TESTING MACHIME

Fig. 6.13 CBR Test Set up

specimen in the mould and the assembly is placed under the plunger of the loading frame

as shown in Fig. 6.13. The load values are noted corresponding to penetration valu:a': of
0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 7.5, 10.0 and 12.5 mm. The load penetration

graph is plotted as shown in Fig. 6.14. Alternatively the load values may be converted to
pressure values and plotted against the penetration values.

Two typical types of curves may be obtained as shown in Fig. 6.14. The normal curve
IS with t:tgﬁv:xigp upwards as for Specimen no.| and the loads tf'l‘_ﬂfwﬂ"'diﬂﬂ to 2.5 md
5.0 mm penetration values are noted. Some times a curve w_llh m“mt'ﬁuﬂ'miﬂﬁ
is obtained, indicating the necessity of correction as for Specimen no. = in I n‘::ﬁ s
corrected origin is established by drawing a tangent AC from the steepest J g
curve. The load values corresponding to 2.5 and 5.0 mm penciration VATHES

corrected origin C are noted.
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Fig. 6.14 Load-Penetration Curves in C.B.R. Test (Example 6.4) '- r-

The causes for the initial concavity of th : o A
el : ¢ load-penetration curve calling for the

;:er._l:mn IN Origin are c!u= 1o - {1) the bottom surface of the plunger or the s

¢ soil specimen not being truly horizontal, with the result the plunger surface ; :

in fHII CORLact “]th lht o ﬂfth . o L i g
being 100 soft o irrtgularp © specimen initially and (ii) the top layer of the o

The C.B.R. value is calculated using the relation :

Load (or pressure) sustained by the

specimen at 2.5 or 5.0 mm penetration
Load (or pressure) sustained by standard aggregates

al the corresponding penctration level

CBR. % =

N ' i - e o
rrpﬂi'?:dﬁ?t.hlrzggﬂ ‘IEIHE at 2.5 mm _pcn:lratinn which is higher than that af 5.0 mm=--
value of the material However, if the CBR value obtained 1

test at S, e v U
:ht::l\:in; Til:nlhp:ﬁ:ﬂ:m ls h'gl_“-"f l_hﬂn that at 2.5 mm, then the test is to be repesEtEe =
mm penetration js 'r: 'est again gives similar results, the higher value obtained 82050

: | ported as the CBR value. The average CBR value ﬂf‘ fdaall

¥ !.- I et

: R LS

IS essent: , 55
evaluate the soil properie. " A10IMary strength test and hence can not b Figes
resistance. Unless I'.hf::l :5 like ;:ﬂhE:Siﬂn or angle of internal ﬁ'il:t:l'ﬂﬂ.ﬂrf'.
obtained. Presenc Procedure is strictly followed, dependable results © gl

i
e

particles would result in poor reprodue=C alc
result in po § ORI

: IEve is gn] : eld GERY =
n-sity PCnetration lest Y used in the test. The fi ;

oy W s L il ]
I|'|-| i ‘-.IIJ- jreom
' L .I i iz bk i -
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Five test o mcant for soks and i sisn L35 bd il e satv-Bigna ol BTl b Lot

materials  The CHOR test values v made wee of ey | _
pavement design as given in Chapaer 7 Bl Atied of fasadde

Frample 6.4

Ihe load penctration values of CHE tests conductsd o ten i ol & awil

sample are given below. Determine the CBR value of the soi of 108 Bivise of oo O
dial represents 190 kg load in the calibration chan of the peoving g

. - - .T-__- L ——— e e = = _—,
l Penetration of Load dial readings, devions

lunger, mm | Specimen No | | Spec canen Ne ¥

'-—h—'-ll—'—---— r-—-—l-E---——-- -J-F.—{..I—.!'-—‘- --n? e -“-'..- f----f

0o [ { : 4]
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X ' -.—:v—_—;..-_.!_,,..._,_._.:._ﬁ_..- Je—

20 DG | T N

L M T
37 [ 20

g t % |
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100 63 \ 5K :
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Solution

I'he penetration values are plotted agamnst the load dial reading as shown m Fig .54
{Instead, the load dial readings may also be converted either 1o load values o 52 o bl

per unit area of cross section of the plunger in Lw:m: and plotted on the Y-gai )
Specimen no. |

The load penctration curve for specimen no. | is constently conves throaghou amad
needs no correction.
Load dial reading at 2.5 mm penetration =~ 34 divisions (Fig 6 14}

191}

Load at 2.5 mm penctration = 34 » 50 =64 6 kg

Gbd 6= 100
1370

48 « 190 = [(¥) - 4 3%

i 1 -

100 « 2044

COR value at 2.5 mm penciration = =4 T

CBR value at 5.0 mm penetration =

- CBR value of Specimen no.l = 4.7%

Spectimen no.?

As the curve has an initial concavity. correction i roguired. A Singent AL & drias
it 4 the Noasin @t O, which s ™y

from the steepest portion A of the curve to inlersest
corrected origin for this specimen.  The penelraiin valupy e mwanded ﬁm thers

corrected origin C, as shown in Fig 6.14.

. i
1 ] .r.
" 1
e e R ey e ey R e o p o oot o oo o R o Ee R R = BE OB =
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CRR value at 2,5 mm penctration

|
i
e
s

Il

CRBR value at 5.0 mm penetration

CBR value of Specimen no.2 =

[

Therefore mean CBR value of the soil sample

[

4.6%

Stabilometer Test

Hveem's Stabilometer test i1s conducted on subgrade soil at varioys mﬂisméi >
The stabilometer R-value is determined using Eq. 6.17 as explained at ..-’;{-_'"!_,:j: |
chapter. The result of this test are used in the Stabilometer method of pin.r { i
Tee Art. 7.3.4). L,

6.2 “TONE AGGREGATES

6.2.1 Introduction @ - UUCHEEES
Ag_g:regates form the major portion of pavement structure and they form .:T'.:?.'-'ﬁ-i‘?s
materials used in pavement construction. Aggregates have to bear stresses occurringdie
o the wheel loads on the pavement and on the surface course they also have 0 resit
wear due 1o abrasive action of traffic. These are used in pavement construction in cemet
concrete. bituminous concrete and other bituminous constructions and also as granilit
base course underlying the superior pavement layers. Therefore the prope ies of the
aggregates are of considerable significance to the highway engineers. b o

5 m:;‘.:nst of the road aggregates are prepared from natural rock. Gravel aggr :J-"“tf'_-.'u-;,.?'r:_
- ;s;ndﬂsd 5;::-nes of different sizes which are generally obtained as such from somé

| 5. ! : ' -a ek
from which 11?: EEI: fine aggregate from weathering of rock. The properties of the sth,zrj
S il ﬂf?redga;:s are formed, depend on the properties of constituent
s ofid between them. Based on the origin, natural rocks are classIEEE
o coimentary and metamorphic. Texture is an important factor, affectiiB S
Property of the rock and the fragments. |
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gradings for different road makj
akin
e ASTM. B.S.I.,, .S.I. and the LR.C,

ypes, hard agmgmesggregmﬁ Generally for the bearing course of superior r: 2
are resist the abrading and crushing effects ©° oy

ather conditions. In the case of IOW™*Tghe

inclu:j?ﬂs of pavement structures, soft aggmgﬂtﬁia i 1
> nlﬂﬂ'rum' kﬂn : : e ﬂfﬂf ne ::-.-
pecificatio kar, laterite, brick aggre8d'® = =

ns are adopted for soft aggregates. N
s La i
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6.2.2 Desirable Properties of Road Aggregates
Strength

The aggregates 1o be used in road construction should be suficiently strong 1o
withstand the stresses due to traflic wheel load. The aggregates which are 10 be used in
top layers of the pavements, particularly in the wearing course have o be capable of

withstanding high stresses in addition 10 wear and tear: hence they should possess
sufficient strength resistance to crushing.

Hardness

The aggregates used in the surface course are subjected to constant rubbing or abrasion
due to moving traffic. They should be hard enough to resist the wear due 10 abrasive action
of traffic. Abrasive action may be increased due to the presence of abrasive matenal like

sand between the tyres of moving vehicles and the aggregates exposed at the top surface
This section may be severe in the case of steel tyred vehicles. Heavy wheel loads can also

cause deformations on some types of pavement resulting in relative movement of
apgregates and rubbing of aggrepates with each other within the pavement layer. The
mutual rubbing of stones is called arrrition, which also may cause a little wear in the
aggregates; however attrition will be negligible or absent in most of the pavement layers

Toughness

Aggregates in the pavements are also subjected to impact due 1o moving wheel loads.
Sever impact like hammering is quite common when heavily loaded steel tyred vehicles
move on water bound macadam roads where stones protrude out especially after the
monsoons. Jumping of the steel tyred wheels from one stone to another at different levels
causes severe impact on the stones. The magnitude of impact would increase with the
roughness of the load surface, the speed of the vehicle and other vehicular charactenstics.
The resistance to impact or toughness is hence another desirable property of aggregates.

Durability

The stone used in pavement construction should be durable and should resist
disintegration due to the action of weather. The property of the stones to withstand the
adverse action of weather may be called soundness. The aggregates are subjected to the

physical and chemical action of rain and ground water, the impurities there-in and that of
atmosphere. Hence it is desirable that the road stones used in the construction shouid be

sound enough to withstand the weathering action.
Shape of Aggregates

The size of the aggregates is first qualified by the size of square Sieve opening lhmflgh
which an aggregate may pass, and not by the shape. Aggregates which happen to fall in a
particular size range may have rounded, cubical, angular ﬂak}' or elongated shape of
particles. It is evident that the flaky and elongated particles wnl! have less strenyth and
durability when compared with cubical, angular or rounded p-tnu:rlts of the same stone
Hence too flaky and too much elongated aggregates should ht avoided as far as possible.
Rounded aggregates may be preferred in cement concrele mix due to low specific gurfa::
area and better workability for the same proportion of cement paste f'mf m;;t;f 2,
cement ratio, whereas rounded particies are not FTfff['{fd in granular base course, “d:;
construction and bituminous construction as the stability due 10 interlocking of rou

particles is less. In such constructions angular particles :miﬂﬂ;ﬂ;a:h Iﬂi:;:i& :F;m
i a compacted mix of coarse, aggregates depends 0% PR IR ey oo enates.

flaky and elongated aggregates have more voids in compart
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Adhesion with Bitumen

when compared with bituminous materials; otherwise the bitum;
aggregate will be stripped off in presence of water.

The agaregates used in bituminous pavements should have less ﬂﬂinit}r _ﬁ ‘:
With

1
|| | &
N e
[ |

6.2.3 Tests for Road Aggregate

In order to decide the suitability of the road stones
tollowing tests are carried out :

for use ip Eﬂﬂsm"""!}' .1.';
(a) Crushing test

(b) Abrasion test

(c) Impact test

(d) Soundness

(e) Shape test

(f) Specific gravity and water absorption test
(2) Bitumen adhesion test

oy

impact tests. But qu:z to the difficulties of preparing cylindrical stone Spﬁ:im,f ;
need costly core drilling, cutting and polishing equipment, the use of such tests are ngw

imited. Testing of aggregates is easy and simulate the field condition better, 'ii'f-'
these are generally preferred. el -
i

Aggregate crushing test
X

The sl:rtnglh‘uf coarse aggregale may be assessed by apgrepate crushing t:!t, U :
aggregate crushing value provides a relative measure of resistance to
gradually applied compressive load. To achieve a high quality of pavement, aggregaii

possessing high resistance to crushing or low aggregate crushing value are pr:ﬁ:ntﬂ
[ '-fl"_"li
The apparatus for the standard test consists of a steel cylinder 15.2 cm diameter Wit

||l
11CT
i Ty

-'-' ¥ :1“

—

base plate and a plunger, compression testing machines, cylindrical measure of dismett

I'l.5 em and height 18 cm, tamping rod and sieves. The sketch of the test .LF

accessories 1s shown in Fi'g. 6.15. e

1 - o
=

CYLINDRR AL
MEASYEE

Fig. 6.15 Aggregate C rushing Test Apparatus
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Pry aggregale Pﬂ!'rjiil'lg 12.5 mm IS sieve and retaimned on 10 mm sieve i Nlled tn the
cylindrical measure in three equal layers, each lsyer being ramped 29 tunes by the
tamper. The test sample is wﬂ;ﬂhﬂd (equal 10 Wi g) and placed in the eud cylinder n
three equal layers, tamping each layer 25 times The plunger 15 placed on the tap of
specimen and a load of 40 tonnes is applied at a rate of 4 tonnes per minute by the
compression machine. The crushed aggregate is removed and sieved on 2 1 men 1S
sieve. The crushed material which passes this sieve is weighed equal 1o Ws ¢ The

aggregate crushing value is the percentage of the crushed material passing 2.36 mm sieve
in terms of original weight of the specimen.

Aggregate crushing value = L percent

W)

Strong aggregates give low aggregate crushing value. The aggregate crushing value
for good quality aggregate to be used in base course shall not exceed 45 percent and the
value for surface course shall be less than 30 percent.

Abrasion tests

Due to the movements of traffic the road stones used in the surface course are
subjected to wearing action at the top. Hence road stones should be hard enough 1o resst

the abrasion due to the traffic. Abrasion tests are carried out 1o test the hardness properny
of stones and to decide whether they are suitable for the different road construction

works. The abrasion test on aggregate may be carried out using any one of the following
three tests :

(i) Los Angeles abrasion test
{ii) Deval abrasion test
(iii) Dorry abrasion test

However Los Angeles abrasion test is preferred as the test results have been comrelated
with pavement performance.

Los Angeles Abrasion Test

The principle of Los Angeles abrasion test is to find the percentage wear due to the

relative rubbing action between the aggregate and steel balls used as ilzrrls.l‘l-t charge.
Pounding action of these balls also exists during the test and hence the resistance 1o wear

and impact is evaluated by this test. The Los Angeles machine consists of a hollow
cylindtfaclused at both c:ds, having inside diameter 70 cm and length 30 <m and
mounted so as to rotate about its horizontal axis. The mm:him:.is shown in Fig. 6.16. The
abrasive charge consists of cast iron spheres of approximate diameter 4.8 cm and each ol
weight 390 to 445 g The number of spheres to be used as abrasive charge and u:: ::!
weight have been specified based on grading of the aggregate sample. The test

standardised by the ISL.

The specified weight of aggregate specimen, (5 to 10 kg. wﬂ mﬁfﬁ'::ﬁ:
placed in the machine along with the abrasive charge. The mchtm ’:’ R
of 30 to 33 rpm for the specified number of revolutions I.’.:i[I'I.'IE;n 0 mmf'f;‘::'; o
grading of the specimen). The abraded aggr:fﬂ“{* is then ’:: T: mnlﬁ of ;!'H ahr:nmn
the weight of powdered aggregate passing this sieve 15 for S g st
test expressed as the percentage wear of the percentage PRIST-1s
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Fig. 6.16 Los Angeles Abrasion Testing Machine g

in te - . - e
aggr:l:i :f the original weight of the sample. The Los Angeles abrasion value of good=
pﬂvenL-:EmE acceplahle for cement concrete, bituminous concrete and other high & L

materials should be less than 30 percent. Values up to 50 percent are allowed

in base courses like wat bo ' : -1
er bound . - rendaDis
and bituminous macadam. This test is more de R o

than othe ' : <]
r abrasion tests as rubbing and pounding action in the test simulate the IS

:Etiltmr}; h'f:l:lEr. Also correlation of Los Angeles abrasion value with field perform&Ese
pecitications of the test values have been established o

Deval Abrasion Test ’

, P
-. '_ -II-: " F ol
PR T, L iLE)
Dk

over | ; ﬂ"ﬂ‘-'d'iﬂg the sam le of aperegate s cimen m_ . ; g
hnltu:: :}E:JE: l::rt:F presence of abrasive Ehﬂrge_pThE Uffﬂlgn]:achf:ﬂ consists £
cylinder rotate abo tmmﬂ?r 20 cm ,H“d length 34 cm mounted in such @ way _;_L-?. _'
e hovksaaia Thu a hnrlzu_mal axis, but the axis of the cylinders make 30° ii ;

- Ihe schematic sketch of the machine is shown in Fig. 617. Speety

‘ &

uantity of . Ags 1
:]acﬂ[};“uﬂir:lizﬁegﬁ >pecimen (4 to 5.5 kg), of any one of the specified :
- 1he abrasive charge consisting of 6 cast iron OF steel SPRET=E

T il

The principle of the test s by

, i
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Fig, 6.17 Deval Abrasion Testing Machine

about 4.8 ¢cm diameter and total weight 2500 g is placed. Two tests may be camed out
simultancously using both the cylinders. The machine is rotated at a speed of 30 to 33
rpm. Afier 10,000 revolutions the material is sieved on 1.7 mm IS sieve. The material
passing this sieve is expressed as the percentage of the original weight of the sample and
is reported as the abrasion value,

When the test is carried out by Deval machine without using abrasive charges, the tesi
'« known as Deval attrition test. However this test is not commonly carried out.

Dorry Abrasion Test

The abrasion value of aggregate is also determined using Dorry abrasion testing
wachine. This is a British method. The machine consists of a flat circular iron disc of 60
cm diameter which is rotated in a horizontal plane at 28 to 30 rpm. Two rectangular trays

are kept 26 cm from the centre of the disc to hold the aggregate sample in a specified
ponnar  Abrasive sand is fed through the funnel and the disc is subjected to 500

revolutions. The abrasion value is expressed as the percent loss in weight due to abraston.

Impact test

A test designed to evaluate the toughness of stone or the resistance of the aggregates
to fracture under repeated impacts is called impact test. The aggregate impact test Is
commonly carried out to evaluate the resistance [0 impact of aggregates and has been

standardised by 1ISl.

The aggregate impact value indicates a relative measure of resistance of aggregate 10
impact, which has a different effect than the resistance to gradually increasing
compressive stress. The aggregale impact testing machine consists of a metal base and a
cylindrical steel cup of internal diameter 10.2 cm and depth 3 cm in which the aggregate
specimen is placed. A metal hammer of weight of 13.5-14.0 kg having a free fall from 2
height 38 em is arranged to drop through vertical guides. The aggregale impact machine

is shown in Fig. 6.18. A |
Ageregate specimen passing 12.5 mm cieve and retained on 10 mm sieve is filled in

the eylindrical measure in 3 layers by tamping each layer by 25 blows. The 5:1311;:1: is
transferred from the measure to the cup of the aggregate imp?.v.:t testing. machine and
compacted by tamping 25 times. The hammer is raised to a height of 38 cm above the
upper surface of the aggregate in the cup and is allowed to fall fn:ﬂly_nn_tht: Epen:nm
After subjecting the tesl specimen 10 |5 blows. the crushed aggregate Is sieved nrf::p;n 36
mm sieve. The aggregate impact value is expressed as the percentage of the fine formed

in terms of the total weight of the sample.

The aggregate impact value should not normally Fm:u:d 30 percent Ibrlagg[tg;!; ;url:::'
used in wearing course of pavements. The maximum permissible vaiue 15 3.
bituminous macadam and 40% for water hound macadam base COUISES.




HIGHWAY MATERIALS

L R TRET T

VERTIRAL 6Pilg naa |

CRULAN pash

Fig. 6.18 Aggregate Impact Testing Machin.
Soundness test

e e e i S d b
2ALNErINET  aliadii, &

Soundness test is intended to study the resistance of aggregates to ction, =
conducting accelerated weathering test cycle. In order, to quicken the effects ol LL i
due to alternate wet-dry and/or freeze-thaw cycles in the laboratory, the TESIEES
disinteeration of agereeate is determined by using saturated solution of .
magresium sulphate. Clean, dry aggregate specimen of specified size range IS WeGEE

counted. It is immersed in the saturated solution of sodium sulphate or Mag __ g
for 16 to 18 hours. Then the specimen is dried in an oven at 105-1 [0°C to a COME

thus making one cycle of immersion and drying. The number of such cycles E .
prior agreement and then the specimens are tested. After completing tne 28
sample is dried and each fraction of the aggrepate is examined visually 0 o
evidence of excessive splitting, crumbling or disintegration of the grains. fj',.f-j:
carried out to note the variation in gradation from the original. The coarse 52 N

of each size range is sieved on specified sieve sizes. The average loss In weight O JEg

Jr -III. 'I._ 1 o L,

b s

m_he "E'Ed in pavement construction after 10 cycles should not exceed 12 P¢ #""-.-:
with sodium sulphate and 18 percent when tested with magnesium sulphate.
shape tests

The pani-:ll:! shape of aggregate mass is determine by the r
elongated particles contained in it and by its angularity. The evaluation 08 =28

L
| Lt

particles made in terms of flakiness index. elongation index and EHE”iﬂﬁw:'.'ﬁ e
Flakiness Incex .

i -
il
.":'I'

e s e prcnae by weaht of S5
kness is less than three fifths or 0.6 of thell TEEEg
;:-'-.

" i 1
-2 ' 1

The flakiness index of a
whose least dimension/thic
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The test is applicable to sizes larger than 6.3 mm. Standard duckness gauge i wed 10 gags
the thickness of the samples. The sample of aggregates 10 b tested s vieved tuough & st of
sieves and separated into specified size ranges. Now to separate the flaky material, the
AEEresales which pass through the appropriate elongated shot of the thacknesws gusie re fourad
The width of the appropnate slot would be 0.6 of the average of the swe rangs I 2w stz
range of aggregate in a group is 16-20 mm, the width of the siot 1o be selected w thickness
gauge would be 18 x 0.6 = 0.8 mm. The flaky matenal passing the appropeiide slot froem L
each size range of test aggregates are added up and let this weight be w1 the 1otal wesght of "
sample taken from the different size ranges is W, the flakiness index v green By 100 w7
percent, or in other words it is the percentage of flaky materials, the wicths of which are Jes
than 0.6 of the mean dimensions. It is desirable that the flakiness index of aggregates wed =
road construction is less than the 15 percent and normally does not exceed 25 percent.

Elongation Index

i . :-I': 1_:—Ir£: ';l-."_
s Ll e =%

The elongation index of an aggregate is the percenlage by weight of particies whose
preatest dimension or length 15 greater than one and four fifth or 1.E umes thewr mean
dimension. The elongation test is not applicable for sizes smaller than 6 3 mm.

The sample of aggregate to be tested is sieved through a set f sieve and separated mto
specified size ranges. The aggregates from each of the size range 15 then indivacizaliy
passed through the appropriate gauge of the length gauge with the Il_:l-ng:ﬁt <ide n order to
separate the elongated particles. The gauge length would be 1.8 times the mean s of
the aggregate. The portion of the elongated aggregate having length greater uw- the
specified gauge from each range is weighed and the total weight of the clongated Stones,
is expressed as a perceniage of the total weight of the sample, 10 get the elongation index.

Elongated and flaky aggregales arc less workable; they are also likely to break under
smaller loads than the aggregate which are spherical or cubical. Flakiness index and
elongation index values in excess of 15 percent are g:nm:tly aniu:lm'd undesirable.
however no recognised limits have been laid down for elongation index.

Angularity Number

Based on the shape of the aggregale particles, they rna}r_ht classified asl m
irregular or partly rounded, angular and aky. Angular particles possess 1-;: , m:-ui e
edges formed at the intersection of roughly plane faces and are tmﬂﬁ:l Bt
appregates prepared by crushing of rocks. Since weaker Hg[!lft[_.’fﬂtﬂ witalyseon
during compaction, the angularity number does nol ap;ﬂy o lﬂ:} a},g_!;s: Epm—c
down during this test. Angularity or a::ncc r.f:' ;;l:l:t:l;r:ﬁ :L ; E?Emd S
' onerty which is of importance because | ‘ |
;Erﬁgafe Ed hinder. The determination of angularity nl:!:bcr of .:: m
essentially a laboratory method intended for comparing propen

apgregates for mix design purposes.

The decree of packing of particles of single i

: larity of ; Ve
anpularity of the aggregate. Hence Lhe angy : i manper.  Angulant
FTEPﬂﬂiES of voids in a sample of aggregalc Eumpﬂmd[i;“\l’r:::iﬂm aegregate 1 foursd
umber s defined as 67 - percent solid volume 1Thﬂir:iprﬁmm for angularity number, the
by filling it in a vessel in a specified mannct: B

| in 2 weil
' sgcent) of most rounded gravEL
value 67 represents the volume of solids (in pe voide  Thus the angularity mumber

Sontipacted stale which would then H % The higher the number, Mo angular 15 the
measures the voids in EXCCSS of 33 percent. G wocd i con cructions 18010 .
aggregate, The range of angularity pumber for AREReEX

HWWMMM#“
Edﬂww:mhﬂmﬁrd&mﬂﬂﬂ
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The apparatus for testing the angularity number consists of 3 mety
capacity 3 litre, tamping rod and a metal scoop. The test sample js
size ranges of the aggregate, such as 16 - 20 mm, 12.5 - 16 mm,
A scoop full of this single size aggregate 1s placed in the cylinder and tamt
bv the rod. Second and third layers are placed and tamped 5im’i1ar]y 1
asoregate is struck off level to the top surface of the cylinder. The ye; aht T;_d the gy
the ::;Iinder is found to be Wg. Then the cylinder is found = Cg, The S]Jm:[*lfﬂ ;
of the aggregate is also determined. The angularity number is found from “':EI;:- Wity G:
100 W i H‘i!u WL

CGa R

This value is expressed as the nearest whole number.

l

Angularity number = 67

Specific gravity and water absorption tests o

The specific gravity of an aggregate is considered to a measure of
strength of the material. Stones having low specific gravity values are generally
than those having higher values. The specific gravity test also helps Identifying the stg
specimen. Stones having higher water absorption value are porous and thus ~ |

are generally unsuitable unless found acceptable based on crushing and hardness tecte =

the q .':-'

o

L M -
F:'ll.-.l." 3
L R |

About 2 kg of dry aggregate sample is placed in wire basket and immersed B

for 24 hours. The sample is weighed in water and the buoyant weight is found. The
aggregates are then taken out weighed after drying the surface. Then the agercoais B

y o

dried in an oven for 24 hours at a temperature 100 - 110°C, and then the dry weightls

-m..ll

dﬁl:ﬂrmined. The specific gravity is calculated by dividing the dry weight of aggregate by |
weight of equal volume of water. The water absorption is expressed as the percent watef' -
absorbed in terms of over dried weight of the aggregates. A

The specific gravity of rocks very from 2.6 t0 2.9. Rock specimens having'lf'ﬁ,:, 0
0.6 percent water absorption are considered unsatisfactory unless found acceptable based™=
on strength tests.  However slightly higher value of porosity may be acceptable fors

3 e

aggregates used in bituminous pavement construction, if the aggregates are fOWGES
otherwise suitable. %

i
ja

C |

Bitumen adhesion test

o -

’
S
-
|

Bitumen and tar adhere well to all normal types of road aggregates pmviﬁﬁﬂﬁ )

d_ry and are free from dust. The process of initial binding is controlled largely £ i';
viscosity of the binder. In the absence of water there is practically no adhesion Proviss
in bituminous construction. The problems are observed due to the presence “.fn

F.i“"‘ if aggregate Is wet and cold, it is normally not possible to coat with a bi i} Vel
binder. This problem can be dealt-with by removing the water film on the ag&! gate U7
1 |_,I'Tr.'

I.!I'}'iﬂg, and by increasing the mixing temperature. Second problem is stripping O - iy
from Funted aggregate ::I_uu L0 presence of water. This problem of stripping 8 & H':-' '
experienced only with bituminous mixtures which are permeable to water. The SIPE S

IS due to the fact that some aggregates have greater affinity towards walef ’ :

bituminous hinders and this displacement depends on the physicn-:hemi:al forces &8s
on the system. " A

R

cy ASEEER

clectrically charged. As an exampl® . hest

Most road stones have surfaces that are |
rocks possess a weak negative charge and hencs agses

common constituent of igneous
have greater attraction with the

polar liquid water than with bituminous bindef “=SSiEEE

' |
L 11.: &
o 5
S -

L
o B

—
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litle polar activity. These aggregates which are electronesative - :
T . : palive are water-linking and are
called hydrophillic. Basic aperegates like lime-stones have a dislike for water m%l preates

attraction to bitumen, as they have positive surface charge. These sggregates are calied .
hyvdrophabic. “

It is important 1o know _IIH': type of charge of aggregates used in hiumimous
construction. Now bitumen is also available as cationic or positive and anionic or

negative and hence a suitable selection may be made depending on aggregaies avarlshie

Cationic (+) bitumen may be selected for electronegative aggregate and anionic (-}
bitumen for electropositive aggregates.

Several laboratory tests have been developed to arbitrarily determine the adhesion of
bituminous binder to an aggregate in presence of water. These tests may be classified
into six types.

(i) Static immersion test

(ii) Dynamic immersion test
(ii1) Chemical immersion test
(iv) Immersion mechanical test
(v) Immersion trafficking test and
(vi) Coating test

The static immersion test is very commonly used as it is quite casy and simple. The
principle of this type of test is by immersing aggregate fully coated with the binder in
water maintained at specified temperature and by estimating the degree of stripping. The
result is reported as the percentage of stone surface that is stripped off after the specified
time periods. IRC has specified that stripping value of aggregates should not exceed 23
percent for use in bituminous surface dressing, penetration macadam, bituminous
macadam and carpet constructions, when aggregate coated with bitumen is immersed n

water bath at 40°C for 24 hours.
6.3 BITUMINOUS MATERIALS

6.3.1 Introduction

Bituminous binders used in pavement construction warkg im_:lude both bitumen and
tar. Bitumen is a petroleum product obtained by the distillation of petroleum crude
where-as road tar is obtained by the destructive distillation of coal or wood. Both
bitumen and tar have similar appearance, black in colour though 1h:'_u'1h..1w= different

characteristics. Both these materials can be used for pavement works.

' i natural or pyrogenous origin, found in
il e ompletely fnluhll: in Carbon disulphide
rganic material and occurs cither
ation of petroleum.  Bituminous
because of their binding and

Bitumen is hydrocarb _
gaseous, liquid, semisolid or solid form F"d is C
and in carbon tetra chloride. Bitumen 1s a :nmp’fe'.rf 0
naturally or may be obtained arliﬁ-:ially‘ during the distil}
materials are very commonly used in highway construction

their water proofing properties. | _
3 e erals, it 15 some 1IMES called

' ' ial or min
When the bitumen contains some inert matena R, s ik asiiek
asphalt. Asphalt is found as deposits in the form of natural asp
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of bitumen used for pavement construction work of roads i a;-. s ;ﬂ%,
d those used for water proofing of structures ang indi :.**tﬁ

1 ! P
s. The paving bitumen available in India are X Stria] ..

The grades
called paving grades an
etc. are called industrial grade }
fwWo categories : e ,mi

(i) paving bitumen from Assam petroleum, denoted as A-type and designateq a';"?_-
A35, A 90, elc.

s "'.“,.

S 90, etc.
6.3.2 Types of Bituminous Materials

Bituminous material used in highway construction may be broadly divided as " 3

(i) Bitumen and |
. e
(i) Tar e
Bitumen may be further divided as petroleum asphalt or-bitumen and native asphalt.
There are different forms in which native asphalts are available. Native asphaltsaes |
those which occur in a pure or nearly pure state in nature. Native asphalts whichate
associated with a large proportion of mineral matter are called rock :-
viscosity of bitumen is reduced sume times by a volatile diluent; this material .j';';g__‘:f"‘:’-'_
cuthack. When bitumen is suspended in a finely divided condition in an aqueous meditm'
and stabilized with an emulsifier, the material is known as emulsion. Tar is the vi cous
liquid obrained when natural organic materials such as wood and coal are carbonizedof
destructively distiiled in the absence of air. Processing of bitumen and bituminots==
products 1s diagrammatically represented in Fig. 6.19. I
i

6.3.3 Bitumen

Crude petroleum obtained from different places are quite different. ;“r"ﬂl:' i
composition. The portion of bituminous material present in the p-El';rﬂl-Eu!TIS may W .
differ depending on the source. Almost all the crude petroleums contain CONSIGIEEES
amounts of water along with crude oil. Hence the petroleum should be dﬂh}'drﬂi_";d |
before carrying out the distillation. General types of distillation processes are fFatieges

distillation and destructive distillation. In fractional distillation the vﬂrmﬂ?lﬁ.
constituents are separated at successively higher temperatures without 5"’?- "“ S
chemical change. The successive fractions obtained vield gasoline, naptha, !{Ef"‘-f! --,I,f::;. .
lubricating oil: the residue would be petroleum bitumen. [n destructive dtstlll__ g
material undergoes chemical change under the application of extreme heat and _-_ jrj: it
The process is usually applied for the manufacture of tar. Steam distillation ﬂt:P *
Is employed 1o produce steam refine petroleum bitumen in order to remove hlgh-'f |
point constituents such as heavy lubricating oils without causing chemical e
When the residue is distilled to a definite consistency without further reaffEis
bitumen obtained as residue is called straightrun bitiumen. s

3T -
_|I-

Requirements of Bitumen g ‘ ";_:..{
The desirable properties of bitumen depend on the mix type and the cnnstrl_l_‘-?_ L9
general problems while using bitumen in paving mixes are : 2358 ; _.

{l] lﬂi}’iiﬂ.g BAE-E .

1 =, N
"
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Fig. 6.19 Processing of Bituminous Products

(ii) attainment of desired stability of the mix

(iii) to maintain the stability under adverse weather conditions

(iv) to maintain sufficient flexibility and thus avoid cracking of bituminous surface and

(v) to have sufficient adhesion with the aggregates in the mix in presence of water.

In view of the above problems, the bitumen should possess the following desirable
properties :

(i) The viscosity of the bitumen at the time of mixing and compaction should be

(1)

adequate. This is achieved by heating the bitumen and aggregate prior 1o mixing or
by use of cutbacks or emulsions of suitable grade.

The bituminous material should not be hﬁig,hly ter_nperuture susu:;E:':I:; 12:::115_11?1;
hottest weather of the region the bituminous mix should nntlm I'Iﬂr::;[ SN
unstable. During cold weather the mix should not become .

causing cracking of surface. The material should be durable. .

: : ym the ageregate. There ha

to be adequate affinity and adhesion betwee
mix.
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6.3.4 Tests on Bitumen

Ritumen is available in a variety of types and grades. Tﬂjudge the o
binders various physical tests have been specified by s
Institute, British Standards Institution and the ISI,
ductility tests, softening point test and viscosity test.
studying the performance of bituminous pavements. the pen 4o Ditimey 4
fzssr:nna!. Thethﬂr tests like snﬂenu::g point and flash and fjre Poi &h
important to guide the paving technologists during field operations, | i 1S arp v
been recognized that the above tests are not sufficient to d‘ﬂfﬂrﬂm _.!:_"_;-._:‘_-_;_'_._?_5
susceptibtlity of the bituminous materials. The bitumen ﬁn.-:-,nu Ehﬁ_ leMper.
pﬁ:-s.sessing same penetration value at a specified lemperature m il
different viscous characteristics at the application or service tem 4y E-‘ﬂhih
therefore may need intensive correlation with fundamental prﬂpenypl?ﬁl:r_l_:;&w_

The various tests on bituminous materials are ° i -

(b) '
(d) Float test (&)

(h)

(K) Water content test
Penetration test B

L L
| Ee .
; Tliu_f penetration test determines the hardness or softness of bitumen by meastisle
cpth in tenths of a millimetre to which a standard loaded needle will

in five seconds. The sample 1S maintai cancepl 0
: ) Intained at a lem o ~eneaal of
penetration test is shown in Fig. 6,20, persture ol 23°C. T

equipment and test procedure.

e
I- _I .._' ] ke

I'k
|I.. 1 - II_|
e = | M
=R
:l | | i- .f,.

1
|

8

il

Specific gravity test (1) Snﬂ:niﬁg’fﬁ (o
Solubility test (i) Sput_test". ]

4

. Y
=i

(2) Penetration tests Ductility tests

(2) Flash and Fire point test 3

i
|

(1) Loss on heating test

Indian Standard Institution has standardized e

: '-“T '-

bt N

Irlnmnnn-

STARY

AFTER 5 SEL

Fig. 6.20 Penetration Test Concept L

dev}lf 1'[:}'1’-:“:;2:51%:1' cndnslsts of a needle assembly with a total weight ﬂt;
& and locking in any positi 15 duated G
penetration values 5 y position. There is-a gra il

to 1/10th of a millimeter. Refer Figure 6.21.

mm in excess of the expected penetration: "".:,"'I.f.
nperature controlled water bath at a temper® Al

ontainer is taken out and the needle is ﬂln?{l 8-
sample. The dial is set to zero or the In! B -

containers are then placed in a te

for one hour, The sample with ¢
contact with the surface of the
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: mepsapien i
Ill ©

i
5

THET LEVEL

Fig. 6.21 Penetrometer

taken and the needle is released for 5 seconds. The final reading is taken on dial gauge.
At least three penetration tests are made on this sample by testing at distances of atleast

|0 mm apart. Afier each test the needle is disengaged and wiped with benzene and dried.
The depth of penetration is reported in one-tenth millimeter units. The mean value of

three measurements is reported as a penetration value. It may be noted that the
penetration value is largely influenced by any inaccuracy as regards pouring lemperature,
size of needle, weight placed on the needle and the test temperafure.

The bitumen grade is specified in terms of penetration value. 80-100 or 807100 grade
bitumen means that the penetration value of the bitumen is in the range 80 io 100 at
standard test conditions. The penetration test is applied almost exclusively to bitumen.
As road tars are soft, the penetration test cannot be carried out on these materials. Other

consistency tests are used for tars, cutbacks and emulsions.
pes of bitumen used in pavement construction in

|00 grade bitumen are mare
In hot climates

The penetration values of various ty
this country range between 20 and 225, 30/40 and 80/

commonly used, depending on construction type and glima:ic conditions.
a lower penetration grade bitumen like 30/40 bitumen 1S preferred.

Ductility test

: ' i sed, it is imporant
In i ment constructions where bitumen binders are used, _
the flexible pave - films around the aggregates. This serves as a

that the binders form ductile thi : : :

satisfactory binder in improving the physical interlocking of !hi;f:dgﬂ:: :l:.l:f;:;
mixes. Under traffic loads the bituminous pmf_:mm‘lﬂb':l" IS :mjwﬁ sufficient
deformation and recoveries. The binder material which lf:frfm Dugctility test is.
ductility would crack and thus provide pervious pavemet |
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carried out on bitumen to test this property of the binder. The tegy i bel; g
the adhesive property of bitumen and its ability to stretch. The bitume eved tg - |
penetration value, but may fail to satisfy the ductility requirements nﬂ;!ur iy
engineer would however wani that both test requirements are sati  Bitumey ¥4

- " il SﬁEd in U‘m t'! -l-r':-l.
Penetration and ductility tests cannot in any case replace each other. I 1

" s
I'......_'-. -
i

The ductility is expressed as the distance in centimeters to which 3 Standarg g6
| al"'ii'fn:::_

of bitumen can be stretched before the thread breaks. The test s conducted a1 99em -
at a rate of pull of 30 mm per minute. The test set up is shown in Fig 512“ f'}
section at minimum width of the specimen is 10 mm x 10 mm. i *‘

CUCTILITY

START

Fig. 6.22 Ductility Test

The ductility machine functions as a constant temperature water bath with a "*
device at a pre-calibrated rate. Two clips are thus pulled apart horizontally at a unifom
speed of 50 mm per minute. SRR

: .'.:'.

'.:-; Il'f.l.. _

]

B
w1

La

n

1J.
% -

The bitumen sample is heated and poured in the mould assembly placed on a pla
The samples along with the moulds are cooled in air and then in water bath maintained &t

|-|.I|.

27°C. The excess bitumen material is cut and the surface is leveled using a hot
The mould assembly containing sample is replaced in water bath of the ductility leS#§
machine for 85 to 95 minute. The sides of the mould are removed, the clips oo ﬁg.'-ln‘:‘

- = - - " i I::.l:':
the machine and the pointer is adjusted to zero. The distance upto the point of breasifs
of thread is reported in centimeters as ductility value. The ductility value geis SRR

=8

affect>d by factors such as pouring temperature, dimensions of briquette, JEVELERE

riqueite in the water bath, presence of air pockets in the modulus |
temperature and rate of pulling. T

e

8
— W e

T_hﬂ_~ ductility values of bitumen vary from 5 to over 100 for different bitumen &5 -.'i'f_
A minimum ductility value of 75 ¢cm has been specified by the 1S for bitumens of 7 e
43 and above, obtained from sources other than Assam Petroleum (i.¢., S 49 ﬂ!d,- ol
the minimum ductility value may be 50 ¢m for bitumens of grades g 35, obtain ..4.,.*,_ )

=

much lower ductility values, the minimum ductility value specified is only 15 cm S

bitumen grades A 65 to 200 for use in certain regions. -J_liﬂ

Viscosity test

[ ]
g r
l.“" :
is
L)
-
"
i

| Vi-::.mﬁil}' is defined as inverse of fluidity. Viscosity thus defines the fluid proP=
bituminous material. is ME

" =
n

}
red PRS0
= E

_ Viscosity is the general term for consistency and It ';f'." .
rtSISEElnEE+tD f!GW. Many researchers believe that grading of hitumen SHES e
absolute viscosity units instead of the convention e

al penetration units. =

- T

i o
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The degree of Nuidity of the binder at the application temperatuce greatry wfloences
the !.ll'r.'nglh characteristics of the rﬁulting piwing mixes Hgh or fow viscoady duyrne
mixing or compaction has been observed 1o result in lower wability valuet There « an
pptimum value of viscosity for each aggregate gradation of the mi and baumen grade
At low viscosity, the bituminous binder simply lubricates the sggregate particies mstesd
of providing a uniform film for binding action Similarly Migh viscosay alse resoats the
compactive effort and the resulting mix is heterogencous in character exnbng low
stability values.

Orifice type viscometer may be used to indirectly find the viscosiny of lsguid Banders
ike cutback bitumen, emulsion and liquid tar. According (o this method, viscosdy o
measured by determining the time taken by 50 ml of the matenal to flow from 3 cup
through a specified orifice under standard test conditions and specified temperatire
Higher the viscosity of the binder, higher will be the time required Thas is :]Er;..‘.r.::t::‘.’ =
Fig. 6.23. Furol viscosity is a specific test which is used only to measure the viscosity of
liquid bituminous materials. It is the number of seconds required for SO mil of masenal

flow through an orifice of specified size at specified temperatures. Equipment like
sliding plate microviscometer, and Brookfield viscometer are however in use for defmmng

the viscous characteristics of the bitumen of all grades irrespective of testing temperatiae
-:mm H
BITUMNEN.
i
""" 1 ICTT] —— T
50 cc
START EnD

Fig. 6.23 Viscosity Test set-up

of 35. 40. 45 or 55°C. The viscosity of cutback bitumen is determined as the time taker

. . . S
in seconds for 50 ml of the sample to flow thruugﬁ cither 4.0 mm orifice at 22 lﬂﬁ
mm orifice at 25 or 40°C  Thus the onfice viscomeler 13 suitable to 1ost

cutbacks.

There is a range consistency of th
viscometer test nor a penetralion 165
material. The consistency of materials 0

The apparatus consists of a float qu: of nluminlh: L The test speciinen & ifled
specimen materials to be tested, which 15 s

in the collar (mould), cooled to 2 lEmP"fﬂlmi_:i; hath at $0°C and the hme reguired in

. - na -
Fig. 6.24. The float assembly 15 ﬂmui:tgh the bitumen plug 1 poted as

seconds for water to force its way th _ "y
value, The higher the float test value, the stiffer 18 the mates
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[ BMTUMINQUS MATERIAL

WATER AT 80°C

Fig. 6.24 Float Test Set-up
Specific gravity test

The density of a bitumen binder is a fundamental property frequently ugea ﬁs : |
classify the binders for use in paving jobs. In most applications, the bitumen is weiokd.

but finally when used with aggregate system, the bitumen content is converted on volis

& H ’ . : 2 . - "'.".:I.:l
basis using density values. The specific gravity value of bitumen is also usefilfj
composition. i
¥ . - " "y b s
cause an increase in specific gravity. - [

bituminous mix design. The density of bitumen is greatly influenced by its chemic &
Increased amounts of arematic type compounds or mineral impuri ;

The specific gravity of bituminous materials is defined as the ratio of the _
given volume of the substance to the same of an equal volume of water, the temperi

of both I:ﬂ?ing 27°C. The specific gravity is determined either by using a pycna -
bydprepanng a cube shape specimen in semi solid or solid state and by Wﬂiﬂhmﬁ* e
and waler. ;

e
Generally the specific gravity of pure bitumen is in the range of 0.97 10 l'mJ |

sp::_iﬁ: gravity of cutback bitumen may be lower depending on the type and | l. :
of diluent used. Tars have specific gravity ranging from 1.10 to 1.25. e

Softening point test

o Rl
| I
i u_l_ll

The softening point is the temperature at which the substance ﬂﬂjlins 'I,*,.;"'-_ ;
degree of softening under specified condition of test. The softening point of F?F*fi

usually determined by Ring and Ball test. The test set-up is shown In Fig. 6.2 7

¥
|
|

THERMOMETEN

L

E BITUMEN

STARTY
Fig. 6.25 Softening Point Test Set-up
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Generally higher softening point indicates lower temperature susceptibility and i
prr:ﬁ:rruu in warm climates, A hrass rng containing test simpie of brtumen s suspended
in liquid like water or glycerine at a given temperature. A steel ball s placed upon the
pitumen sample and the liquid medium is then heated at & rate of 4°C per minute, The
temperature at which the softened bitumen touches the metal placed ar a specified
distance below the ring is recorded as the sofiening point of a bitumen. Hard grade
bitumen possess higher sofiening point than soft grade bitumens.

The softening point of various bitumen grades used in paving jobs vary between 34°
to 70°C.

Flash and fire point test

Bitumen materials leave out volatiles at temperatures depending upon thewr grade
These volatiles catch fire causing a flash. This condition is very hazardous and o
therefore essential to qualify this temperature for each bitumen grade. so that paving
engineers may restrict the mixing and application temperatures. As mentioned above,
this test gives an indication of the critical temperature at and above which suitadie
precaution should be taken to eliminate fire hazards during heating of bitumen. The
definition of flash and fire points as given by the ISI are as follows :

Flash point “The flash point of a material is the lowest temperature at which the
vapour of a substance momentarily takes fire in the form of a flash under specified

condition of test”.

Fire point “The fire point is the lowest temperature at which the material gets ignied
and burns under specified conditions of test”. Refer Fig. 6.26 for the test set up.

Fig. 6.26 Flash Point Test Set-up

for conducting the toils
Pensky-Martens closed cup apparatus or oo :“-‘m::fd The lid is placed to close

. . : fullin
The material to be tested is filled in the cup upto 3 er of the specified range
the cup in a closed system. All accessories mu:ludﬂlﬂd II:Ethr nu:f:p to 6°C per minute,
are suitably fixed. The bitumen sample is then HeMEeG -

I i is applied al
stirring the specimen. The test ﬂanfi: is app -
flash and fire points. First application IS made at least |

and then at every 1710 3°C.

The flash point is taken as th
[lame application that causes

hermometer at'the time of the
emperature read on the ¢ in closed Tvsiem
:::ighﬁnsh in the interiof of the cup A € ey
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For open cup it is the instance when flash appear first at any poijng

material. The heating s continued until the material gets ignited ang
for 5 seconds: this temperature is recorded as the fire point.

.......

The minimum specified flash point of bitumen used in pavement cm“
Pensky Martens closed type est 13 1 75°C. . - g

Solubility test i |
Pure bitumen is completely soluble in solvents like carbon disulp hidﬂ'.-:-.'-?

n
.1 fl-"’ -.: "r'-;1

tetrachloride. Hence any impurity in bitumen in the form of inert minerals ﬂ ; “rboy
etc. could be quantitatively analysed by dissolving the samples of bitumen in"" N
two solvents. A sample of about 2 g of bitumen is dissolved in about 100 'y :'?rrb
The solution is filtered and the insoluble material retained is washed, dried an i1

it is expressed as a percentage of original sample. The insoluble .“F ..
preferably less than 1.0 percent. In solubility test with carbon .=;=|:;_;__I--.;.1
carbonaceous residue is over 0.5 percent, the bitumen is considered to be cracked T
minimum proportion of bitumen soluble in carbon disulphide is specified as 99 percenty

YR
= |
= 'J

a

" ';."' ol
Spot test o
e

This is a test for detecting over heated or cracked bitumen. This test is considersdio

be more sensitive than the solubility test for detection of cracking. About 2 gﬁf biti e
15 dissolved in 10 ml of naphtha. A drop of this solution is taken ’“ |

filter paper, one after one hour and second after 24 hours after the solution is preparet

the strain of the spot on the paper is uniform in colour, the bitumen r%‘;];;f-;'-

uncracked. But if the spots form dark brown or black circle in the centre with an ani

ring of lighter colour surrounding it, the bitumen is considered to be over '-"_‘-i"-::--'-"’--.
cracked.

-
1 :.1I i

Loss on heating test oy

II-‘
i TE

When bitumen is heated, it loses the volatiles and gets hardened. To study the /€

-|I' 2
of heating, an accelerated heating procedure is adopted. About 508 of the samPERT

weighed and heated to a temperature of 163°C for 5 hours in a special oven dﬁ- ’
this test. This specimen is weighed again after the heating period and the 1055 1 B

Is expressed as a percentage by weight of original sample. Bitumen used In '
mixes should not indicate more than one percent loss In weight; for ,..“.*E‘_'F. [
penetration values 150-200 upto two percent loss in weight is allowed. T!“’ 1"..---;; L TR
heating when subjected to penetration test shows a reduction in penetration Y&l

reduction in penetration value should be less than 40 percent of the nrigiﬂi_l{l?_;_ :_ { I
value of the bitumen. -

Water content test |
It is desirable that the bitumen contains minimum water content to prevent " yin
the bitumen when it is heated above the boiling point of water. The water G; elroies
bitumen is determined by mixing known weight of the specimen in 2 pt!!'ﬁ__‘i_ he WEE
distillate free from water, heating and distilling off the water. The wmﬂhlt_fﬁﬂ et
condensed and Eﬂ“EEI'.Ed IS EIpI'EEEEd as p-er::mage h}r weight of the I'."FE - ¥l

& ™ w:l T i
The maximum water content in bitumen should not exceed 0.2 percent by WERL E s

1
B -
kel
- I_-I_--
i 5 N
1

L

| _? _.:-.-

Explanations for some of the above tests have been based on th€ pu i
Burmah Shell (See list of references). '

=

- .
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6.3.5 Cutback Bitumen

Cutback bitumen is defined as the bitumen, the viscosity of which has been reduced
by a volatile diluent. For use in surface dressings, some type of bilumen macadam and
soilbitumen stabilization, it is necessary 1o have a fluid binder which can be mixed i
-elatively at low temperatures. Hence to increase fluidity of the bituminous hmdt:fhﬂl low 4
remperatures the binder is blended with a volatile solvent. After the cutback mix is used
in construction work, the volatile gets evaporated and the thacl-: develops the binding £
properties. The viscosity of the cutback and rate of which it hardens on the road depend
on the characteristics and quantity of both bitumen and volatile oil used as the diluent. |
Cutback bitumens are available in three types, namely,

(i) Rapid Curing (RC)
(i) Medium Curing (MC) and
(iii) Slow Curing (5C)

This classification is based on the rate of curing or hardeqing after the a;_sp_li_:a:iim,
The grade of cutback or its fluidity 15 designed by a figure which follows the instials; as
an example RC-2 means that it is a rapid curing cutback of grade 2.

The cutback with the lowest viscosity is designated h!- numeral 0, Isuf:h as RC-O.
MC-0 and SC-0. Suffix numerals 0, 1, 2, 3. 4 and 5 de:.-:agnm:e prn;_;rts:swl:ly thicker or
more viscous cutbacks as the numbers im:r_eaf.l:. This number mh:ilﬁ : S:f::{zn;tﬁ
viscosity irrespective of the type of cutback; in other words, RE-Z MC-2 m1 | -2 <
have the same initial viscosity at a specified temperature. The initial viscosit v.:;;._ ues
seconds. standard tar viscometer) of various grades of cutbacks as per IS specilications

are given in Table 6.7.
Table 6.7 Viscosity of Cutbacks

d erade of Viscosity in seconds in tar viscometer :
m
m—

RC-1. MC-1 & SC-1 | 5010 100 -

RC-2. MC-2 & SC-2 —
Re3Mciesca | [wswss [

RC-4. MC-4 & SC4 _mﬁu 043

RC-5, MC-5 & SC-5 —_

Thus lower grade cutbacks like RC-0, RC-1 etc. would Eu:ﬁ'nm:ch;g:n ﬂmh;;:ér:t&m:n :}I:"
solvent when compared with higher grades like RC-4 or hR'tu.m.en o el b
contain approximately 45 percent solvent and 55 percent DI o o
MC-3 may contain approximatelyl5 percent enlvent and 85 perc .

ks are bitumens, fluxed or cutback with a petroleum distiliate

Rapid Curing Cutbac | Ly
such 25 nephtagnr gasoline which will rapidly evaporale after using

; d by the jon
leaving the bitumen binder. The grade of the RE cutback ;.ETI:'::::@} e mﬂc
of the solvent used. The penetration value of residue from di

cutback bitumen is 80 to 120. |
Medium curing cuthacks are bitumen fluxed

= L] . - R “E nr'
intermediate-boiling-point solvent like Iti::ﬂ::m“m_ :
evaporate relatively at slow rale because rang

ter fluidity by blending with a
i Er:;ght dissel oil. MC cutbacks
colvents will not evaparaie.




rapidly as the gasoline-range sut.t-ents usrq in the manufacture of RC cutbyep i e
desi_m:mtinn ‘medium curing’ is given to this cutback type. MC products cks, . TR 'E

properties and so satisfactory coating of fine grain aggregate and setdy o l;::

Slow curing cutbacks are obtained either by blending bitumen wig high b ..;.__L.r.l_ .
oil. or by controlling the rate of flow and temperature of the crude Olling-nte
refining. SC cutbacks or wood soils harden or set way slowly as it is 3

c_[urifng the ﬁi's'f i,
SEmi vﬂ]ﬂtﬂ.ﬁ' 5 ,:“I .

lI-'II-..rlllll E

Various tests carried out on cut-backs bitumen are :
(a) Viscosity tests at specified temperature using specified size of orifjce

(b) Distillation test to find distillation fractions, up to specifi
the residue from distillation up to 360°C

er |

ed lemperatyre and :

(c) Penetration test, ductility test and test for matter
residue from distillation up to 360°C

(d) Flash point test on cutback using Pensky Martens closed type St o

6.3.6 Bituminous Emulsion

A hiturr!en emulsimj 1s liquid product in which a substantial amount .ﬂ'f' ..':.'::""T
suspended in a finely divided condition in an aqueous medium and stabilized by meansof
one or more suitable materials. An emulsion is a two phase system consisting of o
immiscible liquids; the one being dispersed as fine globules in the other. e

I. -‘.'

i m . .
i il 5 I-'-l': i 1 = J ' _I. 1-__-.
i e | =5 ol B
: oy 7 ¢ ; E X

_.'
= l:|.

. . 4
~ Usually, bitumen or refined tar is broken up into fine globules and kept in suspension
:in wate'r. Adsmﬁi] proportion of an emulsifier is used to facilitate the formation 6f
Ispersion and to keep the globules of di ; ' i he function of
this emulbificr & fo F g * |s_pr:rsed binder in suspension. The nct D
l orm a protective coating around the globules of binder resisti B Sl
coalescence of the globules. Emulsifiers usually adopted are soaps, surface active agents

and colloidal powders. Half to one percent emulsifier by weight of finished emulsic Ht

IR

--.:-:r'-.. i il

P

E R

o

: 1;LE-11

:i:]]:? taken “'];ri]ﬂ preparing normal road emulsions. The bitumen/tar content 848

1ons range from 40 to 60 per i 2=l average

diameter of elobules of b s P cot and the remaining portion is water, THC S
globules of bitumen portion is about two microns. et

-Fl-_:ll]_:l'

§.H
L. >

w0

i 1-L ]

Usually the bitumen grades which are emulsified for road construction Works:

those with penetration values between 190 and 320, Emulsions of tar and far bitiERs

iXiure are also prepared, but their use is restricted. Two methods commonly rJ

for ;hﬂ preparation of emulsions are the colloidal mill method and the high'sp"?d""
method. The manufactured emulsions are stored in air tight drums. L

" When the emulsion is applied on the road, it breaks down and the binder mrtsh
€ aggregates, thuugh' the full binding power develops slowly as and when e
:‘.‘:a[:‘c;rates. The first SIgn of break down of emulsion is shown h}" the change in O ... q:- - .
ra:idll? ﬂflr:m Ehrl:.:l‘.ﬂﬂfﬂ hr.uwn to black. If the bitumen emulsion is intended 0 i
EIJDI'I:!EI;E(: fl‘nu sion is sau:! L0 possess rapid-set quality. Emulsions “’hi':lf o ']“?' e
n dium.s:ts Y n: contact with stone, but break during mixing or by fine minerd. " ke
emulsi IEI_H €5. When EF‘E":IEI l}'FES of gmulgifying agentg arc I.:ISEd tﬂm,__ .,l.';
S10n relatively stable, they are called slow setting grades. .
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gome of the general properties of road emulsions are judged by the following tests -

(iy Residue on Sieving : 1t is desirable to see that not more than 0.25 percent by weight
of emulsion consists of particles greater than 0.15 mm diameter

(ii) Srability to Mixing with Couarse Graded Aggregate © This test carried o to find o
the emulsion breaks down and coats the aggregate with bitumen too early hefore
mixing is complete.

(iii) Stability to Mixing with Cement : This test is carried out 10 assess the stability of
emulsions when the aggregate contains large proportions of fines.

(iv) Water Cement : To know the percentage water in the emulsion which depends on
the type of the emulsion.

(v) Sedimentation . Some sedimentation may occur when a drum of emulsion s left
standing before use, but on agitation, the emulsion redisperses and can be used.

(vi) Viscasity : The viscosity of emulsified bitumen should be low enough 1o be sprayed
through jets or to coat the aggregates in simple mixing.

Three types of bituminous emulsion are prepared, viz., {!] Rapi_d Setting (RS], (]
Medium Setting (MS) and (iii) Slow Setting (55) types. Rapid Setting type :Tnuiamp s

suitable for surface dressing and penetration macadam type of construction. Mednfjm
Setting type is used for premixing with coarse aggregales and Slow Setting type emulsion

is suitable for fine aggregate mixes.

6.3.7 Tar

Tar is the viscous liquid obtained when natural urganii_: materials such as m:_-::-:l ﬁ:nd
coal carbonized or destrictively distilled in the absence of air. Based on the matFr:all 3
which tar is derived, it is referred to as wood tar or coal tar; the |E!.HEIE' is more wnd:l:: us
for road work because it is superior. Three stages for the production of road tar are :

(i) Carbonization of coal to produce crude tar

(i) Refining or distillation of crude tar and

(iii) Blending of distillation residue with distillate oil fraction to give the desired road tar.

iz. RT-1, RT-2, RT-3, RT-4 and RT-5. based on their
There are five grades of roads tars, viZ ty and is used for surface pamting

viscosity and other properties. RT-1 has the lowest viscosity |
under ?Icﬂpﬂﬂﬂﬂ"}' cold weather as this has very low viscosity., RT-2 is recommended for

standard surface painting under normal Indian Elimﬂti: conditions. ndﬂ;!?i may i:[:-‘ mRT-lﬁ::
surface painting, renewal coats and premixing chips for top l:-:?urﬁ:n 1:1 e ight carpe )
generally used for premixing tar macadam in base course. For grouting purpases :

be adopted, which has the highest viscosity among the road tars.

: | below :
The various tests that are carried out on road tars are listed

(i) Specific gravity test

(ii) Viscosity test on standard tar VISCOMELET
(iii) Equiviscous temperature (EVT)
(iv) Softening point

(v) Softening point of residue
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(vi) Floattesl
(vii) Water content -

. . . ' * iy . o | 1. 30
(viin) Distillation fraction on distillation upto 200°C, 200°C to 27¢°¢ and 270e,

(ix) Phenols, percent by volume

() Naphthalene, percent by weight 25
(xi) Matter insoluble in toluene, percent by weight ey
The requirements for the five grades of road tars based on the above
given by the ISL. The summary of the important test properties is given in T b *::f!.

Table 6.8 Properties and Requirements of Road Tays

SI' | Property | Road Tar Gradeg —

RT-1

| 1. [Viscosity by standard tar
| |viscometer (10 mm)
(a) at temperature, °C 335 n
| |(b) viscosity range, seconds [ 33-55 | 30-55 |
2. {Equiviscous Temperature 32-36 37-41

(EVT) range, °C - | |
5 Sofiening poin, °C I R T
4. |Specific gravity range at 27°C m

Comparison of Tar and Bitumen

-------

= .l:: .:l-r .'.-._' Py
v I E K

e _-I.:l.'
J-_ 1

Bitumen and tar have black to dark brown colour. But bitumen is a petro | o

R~ oy

whereas tar is produced by the destructive distillation of coal or wood. :rl

constitu ’ ; : i : Lk
ents of bitumen and tar are quite different. Bitumen is soluble m G&T

'j. '1: I'I Lll" .;

disulphide and in carbon tetrachloride; but tar is soluble only in r‘r*,

?EEE;E;;E m;lre E;EH}’ and retains it better in presence of water than bitumen. BUtSE
cred 1o nave much inferior weather recicti is more temper=
: r resisting property. Tar is more St
susceptible, resulting in a g property

less temperature susceptib

solubj Ht}f test.

great variation in viscosity with temperature . BINEERE

le. The free carbon content is more in tar as Seef 8828

= -.I..E _1 '.'r, 2
hin

- "
-

.'-—-I-'

: layers used i : -able

2ood bitumi . ISed In the surfacing course. The desirabi® ¥ = apillh
TinouS Mix are stability, durability, flexibiliy, skid resistance 214 "2

strain depending upon anticipated ﬁf o0l

- i . [ PLELBREEST | 1y
31_1-::] cohesion. Frictional resistance 15 8 ™

! resistance of the pavi : tion un
hich causes 4 specified PRV i fo dalbrmig

IS a function of fric
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directly related to voids in the compacted mixture. Stability and density in general are
correlated terms. 1 voids are restricted, the resulting strength propeny of the paving
mixes improve.  Minimum voids requirement qualified for & given mix should be 50
qelected which would provide space for necessary densification that may develop under
iraffic movements and expansion of bitumen at high temperatures. In the absence of this,
the bitumen bleeds over the surface and causes skidding.

Durability is defined as the resistance of the mix against weathering and abrasive
actions. Weathering causes hardening and this depends upon loss of volstiles and
oxidation, Tensile strain is introduced in the top layer consisting of bitumnous ma
when wheel loads ply over it. Excessive strain causes cracking or plastic fasiure

Flexibility is a property of the mix that measures the Iﬁ_ﬂl I:ln:r"-ding strength  Thus
suitability of the given bituminous paving mix nced the consideration of all the factors
licted above. Skid resistance is defined as the resistance of the finished pavement aganst
skidding and is a function of surface texture and bitumen content. Workability 15 the case

with which the mix can be laid and compacted. It is function of gradation of aggregates,
their shape and texture, bitumen content and its type.

Mix design methods should aim at determining the pﬂ.’:pﬂ'ﬁﬂ of ‘aggregates and
hituminous material which would give a mix having the following properties.

(i) Sufficient stability to satisfy the service requirements of the pavement and the
traffic conditions, without undue displacements.

(ii) Sufficient bitumen to €nsure a durable pavement h]r"i:ﬂﬂliﬂg the aggregate and
bonding them together and also by water-proofing the mix.

; i g3 : , servoir space for a shght
i\ Sufficient voids in the compacted mix as lo provide a reservoir s _
o amount of additional compaction due 1o wraffic and to avoid flushing. bleeding and

loss of stability.
(iv) Sufficient flexibility even in the coldest season to prevent cracking due to repeated
application of traffic loads.

(v) Sufficient workability while placing and compacting the Mix.

(vi) The mix should be the most economical one that would produce a stable. durable

and skid resistant pavement.

Three mix design methods, namely,

briefly explained in the following paragraphs. Th _ , :
varinﬂs agptn:ies in the design and construction with satisfactory results. In each of these

methods, the laboratory test results on the m!:u-s have been cormrelated with the
performance studies in developing the design Crileria.

6.4.2 Design of Bituminous Mixes
The following steps may be followe

(i} Selection of Aggregate

d for a rational design of a bituminous mix

and sharp sands produce higher stability ©
rounded sands.
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(i Sefectiaon qf'.ilg.:_-:n-yuh: {Jnm’.-ug.:

of 2 bituminous mix including the density
~eoates and their grain size distribution,
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The propertics
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\tost of the agencies and engineering organisations have specifjeq b S

oraded mixes and they do not prefer the open grading. As higher ; L ;
“earecate gives higher stability, usually the biggest size that cap pe adon
Ciew of the compacted thickness of the layer Is selected, provided

equal. In hase course maximum aggrﬁgatt: size uj:*' 2.5 to
surface course 1.25 to 1.87 cm size are used in the mixes.
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The gradation of final mix after blending of the aggregates and ﬁilér q |
the specified range. The gradation for 40 mm thick bituminous concrete rﬂ“'“
specified by the IRC is given in Table 6.9, Surface

Table 6.9 Specified Gradation of Aggregates for
Bituminous (Asphaltic) Concrete Surface Course

Sieve size. mm

20
12.5
100
475

L &L 0.075
Binder content, percent by weight of mix
(tit) Determination of Specific gravity

The specific gravity of the bitymi ciiai
: uminous m
known. The Specific gravi ous material is not

apparent specific

5175

usually *'

L 1y EFEEETEEHIEE are represented as either bulk specific SaYEEE

volutt af e gravity, or effective specific gravity. In bulk specific Em""[ 1‘;
which are filled by water oy 3. " 2PParent specific gravity the volume of S
specific gravity is .umdfer on 21 hours soaking is excluded. When either bulk or 8PREEES

tound and that of the r:{:-]:hE specific gravity of such aggregate (i.e., coarse, fine 'z

| \1¢ combined aggregate is cal jve spectll B
;;ﬂﬂzti.sthe_?ﬂcr:lﬁcl gravity of the :’ilal or c?:l;:aljielid
= SPecilic gravity G, of blendeg aggregate mix is calculated from the gqulfl y

Gos 0
Where Wi W, Wi, W are 3

fiv) Frﬂpr;ﬂfrurmg Of Aggre

First the 4 e
e = E‘E‘.lgn ’ El:r - ) =Y S .|| i
thickness of the hl"ﬂin&nfh 'S decided based on the type of the consU™= cogge

e -H‘H"ﬂil'ﬂh“it}' of ﬂE.El'EgHIES‘ Then the ﬂ"-‘lﬂllﬂhlﬁ- -----
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are proportioned either by analytical method, or graphical method, or by rial and error
hasis from laboratory lest. Two of the graphical methods of proportioning, viz
triangular chart method and Rothfutch's method, are explained in Chapter 9

(v) Preparation of Specimen

The preparation of specimen depends on the stability test method emplased  Hence
e size of the specimen, compaction and other specification should be fullowed as
specified in the stability test method. The stability test methods which are in Cotmen
use for the design mix are, Marshall, Hubbard-Field m.“! var::m. Hence aller deciding
the test methods, the specimens are moulded as per specilication.

tvi) Determination of Specific Gravity of Compacied Specimen

The specific gravity of the compacted specimens, as moulded 1s dmm.:d With
wnown values of specific gravity of aggregate and bitumen, the theoretical maximum

specific gravity of the mix Gr. is calculated for a given bitumen content, using the
formula,

100

(6.10)

Gy

where Wp = percent by weight of bitumen content
Gy = specific gravity of bitumen
G, = average specific gravity of aggregates.
The theoretical density v, percent solids by volume is calculated from the formula.
100G
M= —G-._
Here, G = actual specific gravity of test specimen

G,- = theoretical maximum specific gravity

Hence percent air voids in the specimen,

100 (G, -G)
G,

=
——

1'!"1,! 1 00 — Y =

The Voids in the Mineral Aggregate (VMA) is calculated from the equation :

| —

W

Volume VMA = (Vy+Vp) =100~ (6.11)

Here Vy, is the percentage of bitumen and W, is aggregale content percent by “'ﬂs"ﬂ.
Hence. Percent Voids Filled with Bitumen (VFB)
_ 100V, (6.12)
VMA

(vii) Stability Tests on C ompacted Specimens

| lected.
One of the stability tests is carried out hased on the design method se
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tiii) Selection of Optimum Bitumen Content

The optimum bitumen content is selected based on the test mE_Ihm:l " dﬂptea'l':';- F;-;
design requirements considered.

The Marshall, Hubbard-Field and Hveem stability test methods are cxplains o <

5

. . b : .
Marshall method of bituminous mix design | hq%i
Bruce Marshall, formerly. Bituminous Engineer withl Mississippi State H _ﬁ; :
Department formulated Marshall method for designing bituminous mixes. ,‘:"F.I:';
test procedure was later modified and improved upon by U. S. Corps of Ep gineﬁ*w'-i
their extensive research and correlation stu-::lI.ES. ASTM and other Eﬂeﬁciﬁ.f'

standardized the test procedure. Generally, this stability test is applicable’to fup o
design of bitumen and aggregates with maximum size 2.5 cm. |In India, b ;

concrete mix is commonly designed by Marshall method.

|

.r "

In this method, the resistance to plastic deformation of cylindrical specimen',
bituminous mixture is measured when the same is loaded at the periphery at a rate/gfs
cm per minute. The test procedure is used in the design and evaluation of bituminae
paving mixes. The test is extensively used in routine test programmes for the .%‘

jobs. There are two major features of the Marshall method of designing mixes name f;‘_;z_,

(1) density — voids analysis A

An) stability — flow test

The stability of the mix is defined as a maximum load carried by a compacted

'-'r't

specimen at a standard test temperature of 60°C. The flow is measured :'i_it:"'"‘"

Il
4
- |
.
_l-l-rlll_l' &l
| ol g™

deformation in units of 0.25 mm between no load and maximum load carried by the

specimen during stability test. (The flow value may also be measured by deformatiod

units of 0.1 mm). In this test an attempt is made to obtain optimum binder content .. "-"l;".:;
aggregate mix type and traffic intensity. |

. . i | F:", M
The apparatus consists of a cylindrical mould, 10.16 cm diameter and 6.35 cm NEISERC
with a base plate and collar. A compaction pedestal and hammer are used to COMP&SEIL

v |
.I

specimen by 4.54 kg weight with 45.7 cm height of fall. A sample extractor IS *—"_1;{-{;‘-;';1_
extrude the compacted specimen from the mould. A breaking head is used to tesL B =

specimen by applying a load on its periphery perpendicular to its axis in & loadif: -

machine of 5 tonnes capacity at a rate of 5 cm per minute. A dial gauge fixed bt 7

guide rods of the testing machine serves as flow meter to measure the deformation €
specimen during loading,. o

| | IIII
TR -
1 i L -
e bkl L
M=

i
g "
|..'I - =

o '
B -|-|,.'I-.-'
- '!.'.- =l

~The coarse aggregates, fine aggregates and filler material should be Ffﬂpﬂrﬁﬁ-n.-
mixed in such a way that the final Mix after htﬂnding has Erﬂdﬂliﬂﬂ Withiﬂ the speeits

e
_'f:. -1'Il | ._:L._']

range as given in Table 6.9. Approximately 1200 o of the mixed aggregates and ﬂw o

are taken and heated to a temperature of 175 to 190°C. The bitumen I8
temperature of 121 to 145°C and the required | jal percentes® S
bitumen (say, 3.5 or 4.0 percent by weight of material aggregates) is added tn.ﬂ!_ﬁf__a:..
aggrfgqles and thoroughly mixed at the desijred lemperature of 154 to 160°C. ’” -
placed in a pre-heated mould and compacted by a rammer with 50 blows on eithe et
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(hickness of 63.5 + 3.0 mm. Three or ﬁi_"'-lf specimens may be prepared using each trial
hitumen conient. The compacted specimens are cooled 10 room temperature in the
moulds and then rﬂmﬂvec} from the moulds using a specimen extractor. The diameter and
mean height of the specimens are measured and then they are weighed in air and also
cuspended In water. The specimens are kept immersed in water in a thermostatically
controlled water bath at 60 £ 1°C for 30 to 40 minutes. The specimens are taken out one
by one, placed in the Marshall test head and tested to determine Marshal) Sta’ui_iity }'alm:
which is the maximum load in kg before failure and the Flow Value which is the
deformation of the specimen in 0.25 mm units upto the maximum Ir:}aa:L The corrected
Marshall Stability Value of each specimen is determine by applying the apprepriate
~orrection factor, if the average height of the specimen is not exactly 63.5 mm; the
correction factors to be applied are given in Table 6.10.

Table 6.10 Correction Factors for Marshall Stability Values

Valume of specimen in cc | Thickness of specimen in mm Cormrection factor

4574170 e . IR .19
T 471 -482 .
1.09 -

496 — 508 R T I

~ 523 538

0.93

——— S ——T—is

0.86

The above procedure is repeated on specimens prepared with other values ;[’ l:rit:r.In:
content. in suitable increments, say 0.5 pgrcent, out qhuut 1.5 or 8.0 per;:cnt numm i
weight of total mix, The bulk density, percent air vmdsi* voids in mineral aggrega
voids filled with bitumen are calculated using the following relationships.

Percent Air Voids

ve = S1=Cm 00 (6.13)

Gy

Here Gp = bulk density or mass density of the specimen
'|
G, = theoretical specific gravity of mixture '
1000
G s -.————'______-_

i | mix
where W, = percent by weight of coarse aggregate In 1ota

W, = percent by weight of fine aggregate in total mix

W3 = percent by weight of filler in total mix

W, = percent by weight of bitumen in total mix
- ale
G, = Apparentspecific gravity of coarse AgBregale

; (e
Gz = Apparent specific gravity of fine aggregs
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Gy = Apparent specific gravity of filler
Gy = Specific gravity of bitumen
Porcent Voids in Mineral Aggregate (VMA) e,
VMA = Vy+Vy
Here Vi = volume of air voids, %
Vi = volume of bitumen, % = Gy, = -:—_fi
4

Percent Voids Filled with Bitumen (VFB)
100V,

VMA RLLS
The average value of each of the above properties are found for each mﬁ‘?-".* ;

different bitumen contents. Graphs are plotted with the bitumen content on the Y.

and the following values on the Y-axis. e
=

VFB =

(1) Marshall stability value
(i1) Flow value
(1) Unit weight
(iv) Percent voids in total mix (Vy)
(V) Percent voids filled with bitumen (VFB)

Typical plots of these are shown in Fig. 6.27.
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Fig. 6.27 Bituminous Mix Design by Marshall Test ;

of tr]I—,:L;‘ E:F“Tum bimm‘f" content for the mix design is found by taking the &Y= = 0RS
oflowing three bitumen contents found from the eraphs of the test results TN

U): Bitumen content corresponding to maximum stability

i
il.--
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X

:'l_l
o
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(i) Bitumen content corresponding to maximum unit weight.

(iii) Bitumen content corresponding to the median of designed limits of percent air voids _
in total mix (4%). %

The Marshall Stahi!it}r value, Flow value and percent Voids Filled with Bitumen at the
average value of bitumen content are checked with the Marshall mix design

criteria/specifications, given in Table 6.11.
Table 6.11 Marshall Mix Design Criteria for Bituminous concrete

Specified value
Marshall Stability, kg _

Flow value, 0.25 mm units Blo 16 |
Air voids in total mix, V% Jto3 3
Voids filled with bitumen, VFB% 75 to 85

Mixes with very high Marshall stability values and low Flow values are not desirable
as the pavements constructed with such mixes are likely to develop ::rm:_ls:s due 1o heavy
moving loads, if the pavements components permit relatively high deflection values.

Example 6.3
Find the optimum bitumen content of a mix, considering the data plotted in Fig. 6.27.

Solution
Here the optimum bitumen contents corresponding to maximum values of stability and

unit weight are 5.5 and 6 percent respectively, from Fig. 6.27.
Bitumen content corresponding to 4% air voids in total mix is 5.8 percent.

Hence the optimum bitumen content for the mix design is the average of the three

values

to 5.8 percent bitumen is 15, which is satisfactory as

correspondin tiearioy .
The Flow value ponding 78%. which is also as per the design criteria.

per Table 6.11. VFB at 5.8% bitumen is

Modified Hubbard-Field method of bituminous mix design

' igi thod was
P Hubbard and F. C. Field. The original me
{ ater the method was modified for the design of

o 19 mm size.

yld and other compacting eqquniFnt
5000 kg. There is a testing

The method was developed by

intended to design sheet asphalt mix.
bituminous mixes having coarse aggregate up

diameter mo

including tampers and compression m .

assembly consisting of a ring of interna . _
extruded by applying load through the compression machine.

Fig. 6.28.
- tes, St
For the desired blend and gradation of the aggreee or and 7 to 7.6 cm height. The.

1 1 -d EEIh - ik
producing specimens of compacted SIz&, . al -
weighed ﬂgzregatﬂs* filter and the bituminous Macr |
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Fig. 6.28 Modified Hubbard-Field Test Set-up

temperature. mix placed in the preheated mould and tamped in two layers b,. 0t
each with the specified tampers. The specimen is tamped again on the revcrs:-_"'
blows by each of the two tampers. Then a static load of 4536 kg is appl[&l-. L
specimen for two minutes and the specimen is cooled in water to temperature Jess thin
37.8°C, maintaining the same compressive load. The specimen is then =
and measured. I

| The specimen is placed in the test mould assembly over the test ring ﬁ_i‘_'—'" nteil
diameter of 14.6 cm, and the plunger is loaded on the top of the specimen. . The el

assembly is Kept in a water bath maintained at 60°C for atleast one hour in posi 'T. ]
the compression machine. The compressive load is applied at a
deformation of 6.1 em per minute and the maximum load in kg developed during thei
is recorded as the stability value. The average stability value of all the 5pﬁﬁini"

e

using a particular mix is found. The tests are repeated with other bitumen contenisi
Marshzall method.
' i

i
B

For each bitumen content the average value of specific gravity, percent voids. _'_.i.‘=-_5 gt
mix and percent aggregate voids are calculated. The following graphs are plotted i

(1) Stability versus bitumen content =
(1) Unit weight versus bitumen content

(i) Percent voids in total mix versus bitumen content. R

(iv) Percent aggregate voids versus bitumen content. o

Typical plots of these are shown in Fig. 6.29. The following Efil‘?i'i"":'. i

specified by the Asphalt Institute for the design of bituminous mix. -

¢ o !

dium and light traffic Heavy and very heavy- _..-i?:'_..:.

o
. rf:r d:_tcnnining the optimum  bitumen content, first the q e
:urr::pnnd!ng 10 3 or 3.5 percent voids in total mix is found from the > Wil
ponding stability is read from the stability curve, If the stability values S5

e _rl'a.

=

Voids, total mix, %

=

s

. S ; .

1 il
cow T

o
. T .

HUBBARD-FIELE

STABILITY- kg

L BITUMEN

Fig. 6.29 Mix Design by Modified Hubbard Method

the specified limits, mix is satisfactory. If both stability and void requirements are not
satisfied by a mix, the mix should be redesigned to correct the deficiency. The final
selection of the mix design should be based on economics and suitability of the mix Tom

the test requirements.

Example 6.4
Find the optimum bitumen content of the mix considering data plotted in Fig. 6.29

Solution

Bitumen content corresponding to 3.5 percent voids in total mix 1s 3.5 percent. | Thc
Hubbard Field stability at 5.5 percent bitumen is 2300 kg and hence the mix &
satisfactory for very heavy traffic.

Hveem method of bituminous mix design

This method was developed by Francis N. Hveem, Materials and Research Engmeer
for the California Division of Highways.

The equipment consists of co tion mould 10 cm inside diameter :lnd 12.7 ¢m
height. E‘Ighepmct:hunica'l :umpm:l;:ﬁ:: a kneading compactor ﬂmbif of CHGITag:® force
of 35 kgfnm! under the tamper foot. The swell ist assembly consist of dial gauge lﬂi
tripod. The Hyeem stabilometer loading equipment and cohesiometer &1 shown in
Fig. 6,30 and 6.31.

Stabilomerer Test

10 cm diameter and 6.25 cm height resting overa righ
encased in the rubber membrane which acts as an inn
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Fig. 6.31 Cohesiometer

can be apphied through the membrane. Thus providing a lateral confinement
specimen. The confining fluid pressure is applied by rotating a handle

and is measie
by a pressure gauge. The vertical pressure is applied through the loading h:afl ;;.r":-.-
the loading machine. S

As per the requirement of the project, the aggregate gradation blend am r"
optimum bitumen content is then estimated using the Centrifuge Kernseu!-:_;
(CK.E.) method. (The percentage of kerosene retained in the aggregate 3y

soaked and centrifuged as specified is called C.K.E. value). Charts are availeos
the optimum bitumen content from the C.K.E. value. &

o L | I-'.' .

For mix design, specimens are prepared with three bitumen contents, 0N S35 g
to 1.0 percent above and one 0.5 to 1.0 percent below the estimated ﬂPt;.tm e
content. Two additional specimens are prepared using the estimated OpUMEEC g
content, for the swel! tests. The specimens are compacted at 110°C using & BLL08

curlnpazctur. .wil!m a circular ram the pressure of which increases without tm i
kg/cm”, maintained for about 0.4 seconds and then released. e
i The compacted swell test specimens are cooled at room temperature for

placed in the water pan for 24 hours after setting up the swell 9

arrangement. The swell is measured to the nearest 0.025 mm, and is represen™s ot
1 ik AiRe

| The stabilometer tes specimens are kept at temperature of 60°C and h“"! 3

N the Hveem Stabilom

eter. The fluid pressure is raised to 0.3 a
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ﬂ
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e |1
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~crienil mn Itr I the o
Lapilcgmient pumy nedie and the VRIVE 13 clomed  Yemiiad tran
Ir I- [

|._'||".||.- K |I-r .ll.ll.ﬂ_ '=."[ r""”.! I ik .I:'E'I']'!l_'“_[,_ iil

[ :-I-;_ et valve s unencd and the o L b A TT

e handle of ”i:.‘ PUmp 15 rofated a1 pen 1ree

. M1 [ |r1.,"' cm J'I”'_i H]",‘ P ,:Il"n_r To ol

- r
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il Ii-||. ..rl i -tl"'ll

[he specimen from the stabilometer is racoversd afie relexsing the premeey wetsbed !
measured 1o determine the bulk Gensity, The zample iy then F"ﬂ*‘LEI:"ﬂ-l'-": :n.:-; r-;s*:t‘
AP for two hours and placed in the cohesipmeter 1t cabinet of whick Kk afw Fi*ﬂf:!*.‘-;
1 temperature of 60°C. The led shots are allowed w flow at 4 rate of 1500 =

. : el It AL
the specimen breaks, and the led shats in the bucker is welghed (1 zrams) u

I'he stabilometer and cohesiometer value are caleulated using the following formulas -

=L 1.2 >
];*’ :E: +0.222 -2
Here,
S = relative stability
Py = wvertical pressure at 28 kgﬂ:m: or at a total load of 2268 kg.
Pn = horizontal pressure corresponding to Py = 28 i:g,-*nnz.
[y = Displacement on specimen represented as number of tums of pump handle
to raise Py, from 0.35t0 7 kp’r:m:.
C = m (6.i6)
Here
C = Cohesiometer value
L. = weight of shots in gm
W = diameter or width of specimen in ¢cm
H = height of specimen in cm

Using the specific gravity of the test specimens and the apparent specific gravity of
dggregates the percent voids in the total mix is calculated.

The suitability of the hot mix is decided based on the design criteria given in
Table 6.12.

Table 6.12 Design Criteria by Hveem Method
. Criteria

Testvalie [ Tighiwafic | Meduum waffic [ Heary taffic
- - > 37
Stabilometer value, R m-m_ 3

> 30
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The stabilometer is also Emplﬂ}'}!ﬂ n ﬁ'ﬁ“ﬂhmliﬂg the resistance vy u

subgrade material,  The compaction 13 done using a kneacling ¢
3

ke per cm’~ pressure. 100 times. After the compaction, a load |

kg per minute to record the exudation pressure required to foree Wates wl_ﬁw

specimen. Expansion pressure is also noted permitting the specimen to remaip | u;m . =
for 16 to 20 hours. 1 Wy, B

i II :":rlll '.

The n“?'m":

The stabilometer resistance R-values is determined by placing the
<tabilometer and applying the lateral and vertical pressures as specifieqd,
soil is calculated from the formula :

100 S
R = 1[]{} e SE—— ' -I._;_.:'-_-:'." '
25| P, (6

— | — .._.I_. 1 -;-_.:II'I"-

Dy \ By R

ki
Here, r
P, = vertical pressure applied (11.2 kg/em®). A

: e

P, = horizontal pressure transmitted at P, = 11.2 kg}':mz. iR
- RS
D2 = displacement of stabilometer fluid necessary to increase the horizonl
pressure from 0.35 to 7 kgft:mz, measured in number of revolutions nﬂhu
calibrated pump handle. Lk

R-value of soil is used in the California Resistance value method of pavement desigi.
given in Art. 7.3.4. A

6.5 PORTLAND CEMENT AND CEMENT CONCRETE

Portland cement is used in the construction of cement concrete pavﬂmfn:lﬁ* ety
concrete pavements are considered to be the highest pavement Type whic
heavy traffic even under adverse subgrade and climatic conditions. :ﬂﬁf

Portland cement is also being used in soil-cement stabilization for the m:;::rgﬂ '_r_-_if
stabilized sub-base and base courses. The properties of cement and cement CONEEEEE.

the mix design details of cement concrete are beyond the scope of this book i ,:
have not been included here,
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