


Pavements

= Ignway:  pav IS a structure consisting of

10-grade, whose primary function Is to
ustrlbute the appll ~veh|cle loads to the sub-grade. The
pavement structure should be able to provide a surface of
acceptable riding quality, adequate skid resistance,
favourable light reflecting characteristics, and low noise
poliution. The ultimate aim is to ensure that the transmitted

= Stresses due to wheel load are sufficiently reduced, so that
they will not exceed bearing capacity of the subgrade.

= [Two types of pavements are generally recognized as
serving this purpose, namely flexible pavements and rigid
pavements.

]







[rements of'a payement

1the :,.1,)-;._,1*‘ de soil,
turally strong to withstand all types of stresses imposed upon

Smu surface to provide comfort to road users even at hlgh
SPEen
oduce least noise from moving vehicles,
= Dust proof surface so that tract safety Is not impaired by reducing
- visibility,

= Impervious surface, so that sub-grade soil is well protected, and
= Long design life with low maintenance cost.



lypes of pavements
e pavements can be classified based on the
truc ura,l ye'rpm- Into two, flexible pavements
rigid pavements. In flexible pavements, wheel

J ds are transferred by grain-to-grain contact of the
aggregate through

the granular structure




lypes of pavements
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FLEXIBLE PAVEMENT RIGID PAVEMENT



1e points of contact In the
. I'he wheel load acting on the
ment will be distributed to a Wider area, and the

stress  distribution characteristic flexible
pavements normally has many layers. Hence, the
design of flexible pavement uses the concept of
layered system.



Iexible pavements
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Layers in Flexible Pavement

Interface
Treatments

250 mm

300 mm

500 mm

E A A N L A

<) STONE AGGREGATES

B} LARGE SIZE
STOMNES

Stress Distribution Through Granular Layers



icallayers of a flexible pavement

= ypicallayers. of a conventional flexible pavement
Includes seal coat, surface course, tack coat, binder

d natural sub-grade Seal Coat:
| coat Is a thin surface treatment used to water-proof
Jrface and to provide skid resistance.

k Coat: Tack coat 1s a very light application of
t, usually asphalt emulsion diluted with water. It
provides proper bonding between two layer of binder
course and must be thin, uniformly cover the entire
surface, and set very fast.



gypicallayers of a flexible pavement

= Prime Coat: Prime coat Is an application of low
Vi thack bitumen to an absorbent surface

= Surface course Is the layer directly in contact with
traffic loads and generally contains superior quality
materials. They are usually constructed with dense
graded asphalt concrete(AC).



underlying base, sub-base and sub-grade, It
' the distortion under traffic and provide a
iding surface, It must be water proof

purpose Is to distribute load to the base course The binder
course generally consists of aggregates having less asphalt and
doesn't require guality as high as the surface course, so replacing a
part of the surface course by the binder course results in more
economical design.



provides additional load distribution and
‘drainage It may be composed of crushed

Sub-Base course

b-base course Is the layer of material beneath the base course and
(e primary functions are to provide structural support, improve drainage,
and reduce the intrusion of fines from the sub-grade in the pavement
structure If the base course is open graded, then the sub-base course with
more fines can serve as a filler between sub-grade and the base course A
sub-base course Is not always needed or used. For example, a pavement
constructed over a high quality, stiff sub-grade may not need the
additional features offered by a sub-base course. In such situations, sub-
base course may not be provided.




gapicallayers of a flexible pavement

SU=grace

= [he top soil or sub-grade Is a layer of natural soil
prepared to receive the stresses from the layers
above. It is essential that at no time soil sub-grade is
overstressed. It should be compacted to the
desirable density, near the optimum moisture

content.
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Rigid pavements

= Rigidtpavements have sufficient flexural strength to
transmit t | load stresses to a wider area

ipared to flexible pavement, rigid pavements are
aced either directly on the prepared sub-grade or
single layer of granular or stabilized material.
Ce there Is only one layer of material between the
concrete and the sub-grade, this layer can be called
as base or sub-base course.







Paving Quality Concrete (PQC)

Sub-base Course / Dry Lean Concrete (DLC)
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Pavement materials

it pavement. Thus, a good understanding of

aterials, how they are characterized, and how

perform Is fundamental to understanding

pavement. The materials which are used In the

- construction of highway are of intense interest to the
highway engineer.



Sub grade soil

ived naturally from  the
rocks or decay of vegetation,
can be excavated readily with power
tipment in the field or disintegrated by gentle
mechanical means In the laboratory. The
supporting soil beneath pavement and its special
under courses Is called sub grade. Undisturbed
soll beneath the pavement Is called natural sub
grade. Compacted sub grade 1Is the soll
compacted by controlled movement of heavy
compactors.




Sub grade soil
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Soil Types

e Wide range of soil types available as highway
construction mate lals have made it obligatory on the



Soil Types
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Soil Types
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Soil Types

Graveliinese are coarse materials with particle size under 2.36
mm wm little or no fines contributing to cohesion of materials.

ducts of decomposition and weathering of
ally these are similar to gravel except

. These are finer than silts. Clayey soils exhibit stickiness,
high strength when dry, and show no dilatancy. Black cotton soill
and other expansive clays exhibit swelling and shrinkage
properties. Paste of clay with water when rubbed In between
fingers leaves stain, which is not observed for silts.



Jests on soil

Sugradessonltis an integral part of the road pavement structure as it
provides the support to the pavement from beneath. The sub grade soil
and' Its properties are important in the design of pavement structure. The
main: function of the sub grade Is to give adequate support to the
pavement and for this the sub grade should possess sufficient stability
under adverse climatic and loading conditions. Therefore, it is very
gssential to evaluate the

sub grade by conducting tests.

I'hetests used to evaluate the strength properties of soils may be broadly
divided into three groups:

Shear tests.

Bearing tests

|£| Penetration tests




california Bearing Ratio Test

California Ing Ratio (CBR) test was developed by the California Division of
nlwmwm \ e mJn of classn’ylng and evaluatlng 30|I sub grade and base

plunger' under controlled density and moisture conditions. The test procedure
should be strictly adhered if high degree of reproducibility is desired. The CBR
test may be conducted in re-moulded or undisturbed specimen in the laboratory.
The test Is simple and has been extensively investigated for field correlations of
flexible pavement thickness requirement.



(alifornia Bearing Ratio Test

Applied Load

Transducer
- to measure
penetration

Standard Plunger

_ Annularweights
—=" {optional)

Sample
e ample

_ Standard
rmould




Plate Bearing Test

sured for various stress values. The deflection level is generally
ited to a low value, in the order of 1.25 to 5 mm and so the

sub grades or any other pavement layer by using plates of larger diameter.

= The plate-bearing test was originally meant to find the modulus of
sub grade reaction in the Westergaard's analysis for wheel load
stresses In cement concrete pavements.



Ylate Bearing Test




Pavement materials

cement, lime, etc.) to form compound materials (such as
pituminous concrete and Portland cement concrete). By

[tUminous concrete and about 70 to 80 percent of Portland
cement concrete. Aggregate Is also used for base and sub-
base courses for both flexible and rigid pavements.
Aggregates can either be natural or manufactured.



Agoregates



In top layers are subjected to (i) Stress action due to traffic
ear, (i) crushing. For a high quality pavement, the
high resistance to crushing, and to withstand the
l0ad.

Tre _f—,,gs regates used in the surface course are subjected to constant rubbing or
prasion due to moving traffic. The aggregates should be hard enough to resist

e abrasive action caused by the movements of traffic. The abrasive action is

Severe when steel tyred vehicles moves over the aggregates exposed at the top

surface.

Tougnhness

Resistance of the aggregates to impact is termed as toughness. Aggregates used in

L the pavement should be able to resist the effect caused by the jumping of the steel

- tyred wheels from one particle to another at different levels causes severe impact

on the aggregates




o —

rable properties

ymich-nappen to fall in a particular size range may have rounded,

, llar; flaky: or elongated particles. It is evident that the flaky and

d particles will"have less strength and durability when compared with

cubical, angular or rounded pza ri, es of the same aggregate. Hence too flaky and
t0o much elongated aggregates shoi be avoided as far as possible.

Adhesion with bitumen

The gregates used In bituminous pavements should have less affinity with
ler when compared with bituminous materials, otherwise the bituminous
coating on the aggregate will be stripped o in presence of water.

Durability

The property of aggregates to withstand adverse action of weather is called
soundness. The aggregates are subjected to the physical and chemical action of
rain and bottom water, impurities there-in and that of atmosphere, hence it is

desirable that the road aggregates used in the construction should be sound
enough to withstand the

= Weathering action

[

Vil
‘
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Agoregate tests

In"orderto decide the suitability of the aggregate for use In
ion, following tests are carried out:

Crusning |

Bitumen adhesion test



Agoregate tests

=1 CRUSNING test
=5 One of the model in which pavement material can
fail I1s by crushing under compressive stress. A test
IS' standardized by 1S:2386 part-IV and used to
getermine the crushing strength of aggregates. The
garegate crushing value provides a relative
gasure of resistance to crushing under gradually
applied crushing load. The




Crushing Test



Abrasion test

ates and to decide whether they
ng“Erent pavement construction
rasion test Is a preferred one

are suitable fo
e Ks. Los Angeles a

percentage wear due to relative rubbing action
netween the aggregate and steel balls used as
abrasive charge.




Abrasion lest



Agoregate tests

Iine aggregate Impact test Is carried out to evaluate
the resistance to Impact of aggregates.

Adgregates to be used for wearing course, the
Impact value shouldn't exceed 30 percent. For
pItuminous macadam the maximum permissible
alte Is 35 percent. For Water bound macadam base
courses the maximum permissible value defined by
IRC Is 40 percent



Impact test




‘Agoregate tests
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| test cycles. The Porous
gregates subjected to freezing and thawing are
Ikely to disintegrate prematurely. To ascertain the
durapility of such aggregates, they are subjected to
an accelerated soundness

‘= test as specied In 1S:2386 part-V.
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Agoregate tests

flakiness index Is defined as the percentage by
weight of aggregate particles whose least dimension
IS less than 0.6 times their mean size. Test procedure
had been standardized in India (1S:2386 part-1)



Shape tests




- Agoregate tests

IS 1.8 times their mean
dimension. This test Is applicable to aggregates
larger than 6.3 mm.

= This test Is also specified in (1S:2386 Part-1).



Agoregate tests



Agoregate tests

I L_

Property of aggregate Type of Test Test Method

Crushing strength Crushing test [S: 2386 (part 4) -1963
Hardness Los Angeles abrasion test IS : 2386 (Part 5)-1963
Toughness Aggregate impact test IS : 2386 (Part 4)-1963
Durablity Soundness test- accelerated durability test IS : 2386 (Part 5)-1963
Shape factors Shape test [S: 2386 (Part 1)-1963
Specific gravity and porosity | Specific gravity test and water absorption test | IS : 2386 (Part 3)-1963
Adhesion to bitumen Stripping value of aggregate [5: 6241-1971

Table 22:1: Tests for Aggregates with IS codes




Pavement materials

=] B]‘tmmem

residues from the destructive distillation of organic substances
such as coal, wood, or petroleum and are temperature sensitive
than bitumen. Bitumen will be dissolved in petroleum olls
where unlike tar.



Pavement materials

RProduction of Bitumen
oItumen 1S the residue or by-product when the
crude petroleum s refined. A wide variety of

2r desirable properties. Depending on the
sources and characteristics of the crude oils and
on the properties of bitumen required, more than
one processing method may be employed.



Different forms of bitumen

]
oj I"practice is to heat bitumen to reduce Its viscosity. In some

diesel oil, and furnace oil. There are different types of cutback
pitumen like rapid curing (RC), medium curing (MC), and slow

curing (SC). RC is recommended for surface dressing and
patchwork.



ack bitumen



Pavement materials

7 divided condition In an aqueous
- by suitable material. Normally

resultlng In release of water and the mix starts to set.
time of setting depends upon the grade of bitumen. The
viscosity of bituminous emulsions can be measured as per
IS: 8887-1995. Three types of bituminous emulsions are
available, which are Rapid setting (RS), Medium setting
(MS), and Slow setting (SC).



en Emulsion

SHIVA
BITUMEN ENULSION
|S:8387




Pavement materials

us x)r er the distillate is absorbed by
‘ which 1t i1s spread. The
pends on the porosity of the

ites y miXing penetration bitumen with petroleum
distillate.



Bituminous primers




Pavement materials

= MIOGITIED BItUMEN

= Ce m* ':OC"FJVH:, or blend of additives called as
,,,,, ~can Improve properties of

IS mixes. Bitumen treated

Ng course depending upon the requirements of
extreme climatic variations.



VModified Bitumen
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Requirements of Bitumen

inesaesirable properties of bitumen depend on the mix type and
construction:In-general, Bitumen should posses following desirable
Properties.

I'he brtumen should not be highly temperature susceptible: during the
hottest weather the mix should
not become too soft or unstable, and during cold weather the mix
shioeuld not become too brittle causing cracks.

lihe viscosity of the bitumen at the time of mixing and compaction
Shiould be adequate. This can be achieved by use of cutbacks or
emuisions of suitable grades or by heating the bitumen and aggregates
prior to mixing.

There should be adequate affinity and adhesion between the bitumen
and aggregates used in the mix.
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'-Penetration test

- = A grade of 40/50 bitumen means the penetration value is in the range 40
to 50 at standard test conditions.

= In hot climates, a lower penetration grade is preferred.



Penetration test
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Ductility test

= DUCtility IS the property of bitumen that permits it to
undergo: great deformation or elongation. Ductility
IS defined as the distance in cm, to which a standard
Sample or briquette of the material will be elongated
Without breaking.

= ihe ductility value gets affected by factors such as
Qouring temperature, test temperature, rate of
oulling etc. A minimum ductility value of 75 cm has
neen specified by the BIS.




Ductility test
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Softening point test

oj r.r,smnor point denotes the temperature at which

containing test sample of bitumen is suspended
liquid like water or glycerine at a given
~temperature. A steel ball 1s placed upon the bitumen
ple and the liquid medium is heated at a rate of
50 C per minute. Temperature I1s noted when the
softened bitumen touches the metal plate which Is at
a specified distance below






Specific gravity test

=l paving Jors, to classify a binder, density property is of
Jrr"ur,u:r; Inmost cases bitumen is weighed, but

egates, the bitumen Is converted to
@Iues The den3|ty of bitumen Is

mass ofiequal volume of water at 270 C. The specific gravity
can be measured using either pycnometer or preparing a cube
specimen of bitumen in semi solid or solid state. The specific
gravity of bitumen varies from 0.97 to 1.02.



Viscosity test

the fluid property of bituminous material and it is a
ance to flow. At the application temperature, this
. ea ,JJ fluences the strength of resulting paving mixes.
I lgh Viscosity during compaction or mixing has been observed to
result in lower: stability values. At high viscosity, it resist the comp active

effort and thereby resulting mix Is heterogeneous, hence low stability
vfnLl S.

And at low viscosity instead of providing a uniform film over aggregates,
itwill lubricate the aggregate particles.

Orifice type viscometers are used to indirectly find the viscosity of liquid
binders like cutbacks and emulsions.

@ The viscosity expressed in seconds is the time taken by the 50 ml
bitumen material to pass through the orifice of a cup, under standard test
conditions and specified temperature. Viscosity of a cutback can be
measured with either 4.0 mm orifice at 250 C or 10 mm orifice at 25 or
40° C.




Viscosity test



.
Klash and fire point test

pitumen materials leave out volatiles. And these
volatiles catches - ke which Is very hazardous and
nerefore It Is essential to qualify this temperature

he temperature at which the vapour of bitumen
omentarily catches fire. in the form of ash under
specified test conditions. The fire point is defined as
the lowest temperature under specified test
conditions at which the bituminous material gets
Ignited and burns.










Float test




Water content test

boyve the boiling point of water.
water In a bitumen Is determined by mixing
n weight of specimen in a pure petroleum

collected Is expressed as percentage by weight of
the original sample. The allowable maximum water
content should not be more than 0.2% by weight.



.

100ss on heating test

=1 I L) the .u men Is heated it loses the volatlllty

pavement mixes should not indicate more than 1%
loss In weight, but for bitumen having penetration
values 150-200 up to 2% loss in weight is allowed.



Jests of Bitumen

Tabe 23:1: Tests for Bitumen with IS codes

Type of test

Test Method

Penetration Test

[5: 1203-1978

Ductility test

[S: 1208-1978

Softening Point test

[5: 1205-1978

Specific gravity test

[S: 1202-1978

Viscosity test

[S: 1206-1978

Flash and Fire Point test

[S: 1209-1978

Float Test

[S: 1210-1978

Determination of water content

IS: 1211-1978

Determination of Loss on heating | I1S:1212-1978
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