CE6504 Highway Engineering

UNIT IV

HIGHWAY CONSTRUCTION MATERIALSAND PRACTICE
Highway construction materials, properties, testing methods — CBR Test for subgrade -
tests on aggregate & bitumen — Construction practice including modern
materials and methods,Bituminous and Concrete road construction, Polymer modified
bitumen, Recycling, Different materials — Glass, Fiber, Plastic, Geo-Textiles, Geo-
Membrane (problem not included) - Quality control measures - Highway drainage —
Construction machineries

4.1 Soil Types
The wide range of soil types available as highway construction materials have

made it obligatory on the part of the highway engineer to identify and classify different
soils. A survey of locally available materials and soil types conducted in India revealed
wide variety of soil types, gravel, moorum and naturally occurring soft aggregates,
which can be used in road construction. Broadly, the soil typs can be categorized as
Laterite soil,

Moorum / red soil, Desert sands, Alluvial soil, Clay including Black cotton soil.

Sand Silt Clay
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Indian standard grain size soil classification system

Gravel: These are coarse materials with particle size under 2.36 mm with little or no fines
contributing to cohesion of materials.

Moorum: These are products of decomposition and weathering of the pavement rock.
Visually these are similar to gravel except presence of higher content of fines.

Silts: These are finer than sand, brighter in color as compared to clay, and exhibit little
cohesion. When a lump of silty soil mixed with water, aternately squeezed and
tapped a shiny surface makes its appearance, thus dilatancy is a specific property
of such soil.

Clays: These are finer than silts. Clayey soils exhibit stickiness, high strength when dry,
and show no dilatancy. Black cotton soil 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.
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4.2 Tests on soil

Sub grade soil is 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 essential to evaluate
the sub grade by conducting tests.

The tests used to evauate the strength properties of soils may be broadly divided
into three groups:

Shear tests Bearing tests Penetration tests

Shear tests are usually carried out on relatively small soil samples in the laboratory. In
order to find out the strength properties of 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.

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

Penetration tests 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 the size of the
loaded area is much greater than the ratios in bearing tests. The penetration tests are
carried out in the field or in the laboratory.

4.2.1 Crushing test
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One of the model in which pavement material can fail is by crushing under compressive
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stress. A test is standardized by 1S:2386 part-1V and used to determine the crushing
strength of aggregates. The aggregate crushing value provides a relative measure of
resistance to crushing under gradually applied crushing load. The test consists of
subjecting the specimen of aggregate in standard mould to a compression test under
standard load conditions (Figure 22:1). Dry aggregates passing through 12.5 mm sieves
and retained 10 mm sieves are filled in a cylindrical measure of 11.5 mm diameter and 18
cm height in three layers. Each layer is tampered 25 times with at standard tamping rod.
The test sample is weighed and placed in the test cylinder in three layers each layer being
tampered again. The specimen is subjected to a compressive load of 40 tonnes gradually
applied at the rate of 4 tonnes per minute. Then crushed aggregates are then sieved
through 2.36 mm sieve and weight of passing material (W2 ) is expressed as percentage
of the weight of the total sample (W1 ) whichisthe aggregate crushing value.

Aggregate crushing value= W1x100

W2

A value less than 10 signifies an exceptionally strong aggregate while above 35 would
normally be regarded as weak aggregates.

4.2.2 Abrasion test

Abrasion test is carried out to test the hardness property of aggregates and to
decide whether they are suitable for different pavement construction works. Los
Angeles abrasion test is a preferred one for carrying out the hardness property and has
been standardized in India (1S:2386 part-1V). The principle of Los Angeles abrasion test
is to find the percentage wear due to relative rubbing action between the aggregate and
steel balls used as abrasive charge.

Los Angeles machine consists of circular drum of internal diameter 700 mm and
length 520 mm mounted on horizontal axis enabling it to be rotated (see Figure 22:2). An
abrasive charge consisting of cast iron spherical bals of 48 mm diameters and weight
340-445 g is placed in the cylinder along with the aggregates. The number of the abrasive
spheres varies according to the grading of the sample. The quantity of aggregates to be
used depends upon the gradation and usually ranges from 5-10 kg. The cylinder is then
locked and rotated at the speed of 30-33 rpm for a total of 500 -1000 revolutions
depending upon the gradation of aggregates.
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Los Angeles abrasion test setup

After specified revolutions, the materia is sieved through 1.7 mm sieve and passed
fraction is expressed as percentage total weight of the sample. This value is called Los
Angeles abrasion value.

A maximum value of 40 percent is allowed for WBM base course in Indian conditions.
For bituminous concrete, amaximum value of 35 is specified.

4.2.3 Impact test

The aggregate impact test is carried out to evaluate the resistance to impact of
aggregates. Aggregates passing 12.5 mm sieve and retained on 10 mm sieve isfilled in a
cylindrical steel cup of interna dia 10.2 mm and depth 5 cm which is attached to a metal
base of impact testing machine. The material is filled in 3 layers where each layer is
tamped for 25 number of blows. Metal hammer of weight 13.5 to 14 Kg is arranged to
drop with afree fall of 38.0 cm by vertical guides and the test specimen is subjected to
15 number of blows. The crushed aggregate is alowed to pass through 2.36 mm IS
sieve. And the impact value is measured as percentage of aggregates passing sieve (W2
) to the total weight of the sample (W1 ).
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Impact test setup

Aggregate impact vaue= wil 100
W2

Aggregates to be used for wearing course, the impact value shouldn't exceed 30 percent.
For bituminous macadam the maximum permissible value is 35 percent. For Water bound
macadam base courses the maximum permissible value defined by IRC is 40 percent

4.2.4 Soundness test

Soundness test is intended to study the resistance of aggregates to weathering
action, by conducting accelerated weathering test cycles. The Porous aggregates
subjected to freezing and thawing are likely to disintegrate prematurely. To ascertain the
durability of such aggregates, they are subjected to an accelerated soundness test as
specified in 1S:2386 part-V. Aggregates of specified size are subjected to cycles of
alternate wetting in a saturated solution of either sodium sulphate or magnesium sul phate
for 16 - 18 hours and then dried in oven at 105 110°C to a constant weight. After five
cycles, the loss in weight of aggregates is determined by sieving out al undersized
particles and weighing. And the loss in weight should not exceed 12 percent when
tested with sodium sulphate and 18 percent with magnesium sul phate sol ution.

4.3 Shape tests
The particle shape of the aggregate mass is determined by the percentage of flaky
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and elongated particles in it. Aggregates which are flaky or elongated are detrimental to
higher workability and stability of mixes.
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Flakiness gauge

The 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).
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Elongation gauge

The elongation index of an aggregate is defined as the percentage by weight of
particles whose greatest dimension (length) is 1.8 times their mean dimension. Thistest is
applicable to aggregates larger than 6.3 mm. Thistest is aso specified in (1S:2386 Part-1).
However there are no recognized limits for the elongation index.

4.4 Specific Gravity and water absorption

The specific gravity and water absorption of aggregates are important properties
that are required for the design of concrete and bituminous mixes. The specific gravity of a
solid is the ratio of its mass to that of an equal volume of distilled water at a specified
temperature. Because the aggregates may contain water-permeable voids, so two
measures of specific gravity of aggregates are used:

apparent specific gravity and bulk specific gravity.
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Apparent Specific Gravity, Ggpp , is computed on the basis of the net volume of
aggregates i.e the volume excluding water-permeable voids. Thus

' _ M 0 1 ".
lf- app — T

where, MD is the dry mass of the aggregate, VN is the net volume of the aggregates
excluding the volume of the absorbed matter, W is the density of water.

Bulk Specific Gravity, Gpulk , is computed on the basis of the total volume of
aggregates including water permeable voids. Thus

Mp/Vg

fr bll: — ,H =

where, VB is the total volume of the aggregates including the volume of absorbed water.

Water absorption, The difference between the apparent and bulk specific gravities is
nothing but the water-permeable voids of the aggregates. We can measure the
volume of such voids by weighing the aggregates

dry and in a saturated, surface dry condition, with all permeable voids filled with water.
The difference of the above two is My . My is the weight of dry aggregates minus

weight of aggregates saturated surface dry condition. Thus

. Mw
water absorption = —— x 100

Mp
The specific gravity of aggregates normally used in road construction ranges from about
2.5 to 2.9. Water absorption values ranges from 0.1 to about 2.0 percent for aggregates
normally used in road surfacing.

4.5 Bitumen adhesion test

Bitumen adheres well to all norma types of road aggregates provided they are
dry and free from dust. In the absence of water there is practically no adhesion problem
of bituminous construction. Adhesion problem occurs when the aggregate is wet and
cold. This problem can be dealt with by removing moisture from the aggregate by drying
and increasing the mixing temperature. Further, the presence of water causes stripping of
binder from the coated aggregates. This problems occur when bitumen mixture is
permeable to water. Severa laboratory tests are conducted to arbitrarily determine the
adhesion of bitumen binder to an aggregate in the presence of water. Static immersion
test is one specified by IRC and is quite simple. The principle of the test is by immersing

aggregate fully coated with binder in water maintained at 4OOC temperature for 24 hours.
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IRC has specified maximum stripping value of aggregates should not exceed 5%.

4.6 California Bearing Ratio Test

Cdifornia Bearing Ratio (CBR) test was developed by the Cdlifornia
Divison of Highway as a method of classifying and evaluating soil-sub grade and
base course materials for flexible pavements. CBR test, an empirical test, has been used
to determine the material properties for pavement design. Empirical tests measure the
strength of the material and are not a true representation of the resilient modulus. It is a

penetration test wherein a standard piston, having an area of 3 in? (or 50 mm

diameter), is used to penetrate the soil at a standard rate of 1.25 mm/minute. The
pressure up to a penetration of 12.5 mm and it's ratio to the bearing value of a standard
crushed rock is termed as the CBR.

In most cases, CBR decreases as the penetration increases. The ratio at 2.5 mm
penetration is used as the CBR. In some case, the ratio at 5 mm may be greater than that
at 2.5 mm. If this occurs, the ratio at 5 mm should be used. The CBR is a measure of
resistance of a material to penetration of standard 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.

Test Procedure

The laboratory CBR apparatus consists of a mould 150 mm diameter with a base plate
and a collar, aloading frame and dial gauges for measuring the penetration values and the
expansion on soaking.

The specimen in the mould is soaked in water for four days and the swelling and water
absorption values are noted. The surcharge weight is placed on the top of the specimen in
the mould and the assembly is placed under the plunger of the loading frame.

Load is applied on the sample by a standard plunger with dia of 50 mm at the rate of
1.25 mm/min. A load penetration curve is drawn. The load values on standard crushed
stones are 1370 kg and 2055 kg at 2.5 mm and 5.0 mm penetrations respectively.

CBR value is expressed as a percentage of the actual load causing the penetrations
of 2.5 mm or 5.0 mm to the standard |oads mentioned above. Therefore,

load carries hy specimen

CBH = < 100

load carries by standard specimen
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Two values of CBR will be obtained. If the value of 2.5 mm is greater than that of

5.0 mm penetration, the former is adopted. If the CBR value obtained from test at

5.0 mm penetration is higher than that at 2.5 mm, then the test is to be repeated for
checking. If the check test again gives similar results, then higher value obtained at

5.0 mm penetration is reported as the CBR value. The average CBR value of three test
specimensis reported as the CBR value of the sample.

@ — _________  Proving Ring
Plunger.

Surcharge
Weighi R o —_ Dial Guage

Specimen

4.7 Desirable propertiesof aggregates

Strength

The aggregates used in top layers are subjected to (i) Stress action due to traffic wheel
load, (ii)) Wear and tear, (iii) crushing. For a high quality pavement, the aggregates
should posses high resistance to crushing, and to withstand the stresses due to traffic
wheel |oad.

Hardness

The aggregates used in the surface course are subjected to constant rubbing or abrasion
due to moving traffic. The aggregates should be hard enough to resist the 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.

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

Shape of aggregates

Aggregates which happen to fall in a particular size range may have rounded, cubical,
angular, aky or elongated particles. It is evident that the flaky and elongated particles will
have less strength and durability when compared with cubical, angular or rounded
particles of the same aggregate. Hence too flaky and too much elongated aggregates
should be avoided as far as possible.

Adhesion with bitumen

The aggregates used in bituminous pavements should have less affinity with water when
compared with bitu-minous 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 sub-jected to the physical and chemica 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

Freedom from deleterious particles

Specifications for aggregates used in bituminous mixes usually require the aggregates to
be clean, tough and durable in nature and free from excess amount of at or elongated
pieces, dust, clay balls and other objectionable material. Similarly aggregates used in
Portland cement concrete mixes must be clean and free from deleterious substances such
as clay lumps, chert, silt and other organic impurities.

4.8 Different forms of bitumen
Cutback bitumen

Normal practice is to heat bitumen to reduce its viscosity. In some situations
preference is given to use liquid binders such as cutback bitumen. In cutback bitumen
suitable solvent is used to lower the viscosity of the bitumen. From the environmental
point of view also cutback bitumen is preferred. The solvent from the bituminous material
will evaporate and the bitumen will bind the aggregate. Cutback bitumen is used for cold
weather bituminous road construction and maintenance. The distillates used for
preparation of cutback bitumen are naphtha, kerosene, diesel oil, and furnace oil. There are
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different types of cutback bitumen like rapid curing (RC), medium curing (MC), and slow
curing (SC). RC is recommended for surface dressing and patchwork. MC is
recommended for premix with less quantity of fine aggregates. SC is used for premix with
appreciable quantity of fine aggregates.

Bitumen Emulsion

Bitumen emulsion is a liquid product in which bitumen is suspended in a finely
divided condition in an agueous medium and stabilised by suitable material. Normally
cationic type emulsions are used in India. The bitumen content in the emulsion is around
60% and the remaining is water. When the emulsion is applied on the road it breaks down
resulting in release of water and the mix starts to set. The 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). Bitumen emulsions are
ideal binders for hill road construction. Where heating of bitumen or aggregates are
difficult. Rapid setting emulsions are used for surface dressing work. Medium setting
emulsions are preferred for premix jobs and patch repairs work. Slow setting emulsions
are preferred in rainy season.

Bituminous primers

In bituminous primer the distillate is absorbed by the road surface on which it is
spread. The absorption therefore depends on the porosity of the surface. Bitumen primers
are useful on the stabilised surfaces and water bound macadam base courses. Bituminous
primers are generally prepared on road sites by mixing penetration bitumen with
petroleum distillate.

Modified Bitumen

Certain additives or blend of additives caled as bitumen modifiers can
improve properties of Bitumen and bituminous mixes. Bitumen treated with these
modifiers is known as modified bitumen. Polymer modified bitumen (PMB)/ crumb
rubber modified bitumen (CRMB) should be wused only in wearing course
depending upon the requirements of extreme climatic variations. The detailed
specifications for modified bitumen have been issued by IRC: SP: 53-1999. It must be
noted that the performance of PMB and CRMB is dependent on strict control on
temperature during construction. The advantages of using modified bitumen are as follows
Lower susceptibility to dailly and seasona temperature variations Higher resistance to
deformation at high pavement temperature Better age resistance properties
Higher fatigue life for mixes

Better adhesion between aggregates and binder Prevention of cracking and reflective
cracking
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49 Tests on bitumen

There are a number of tests to assess the properties of bituminous materias. The
following tests are usualy conducted to evaluate different properties of bituminous
materials.

Penetration test

Ductility test

Softening point test
Specific gravity test
Viscosity test

Flash and Fire point test
Float test

Water content test

Loss on heating test

CoNoou~wWNE

4.9.1 Penetration test

It measures the hardness or softness of bitumen by measuring the depth in tenths of
a millimeter to which a standard loaded needle will penetrate vertically in 5 seconds. BIS
had standardised the equipment and test procedure. The penetrometer consists of a needle
assembly with a total weight of 100g and a device for releasing and locking in any
position. The bitumen is softened to a pouring consistency, stirred thoroughly and poured
into containers at a depth at least 15 mm in excess of the expected penetration. The test
should be conducted at a specified temperature of 259 C. It may be noted that penetration
valueislargdy influenced by any inaccuracy with regards to pouring temperature, size of
the needle, weight placed on the needle and the test temperature. A grade of 40/50 bitumen
means the penetration valueis in the range 40 to 50 at standard test conditions.
In hot climates, alower penetration grade is preferred. The Figure shows a schematic
Penetration Test setup.

| J Penetration

the Ductility test and
Softening point test
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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. Dimension of the briquette
thus formed is exactly 1 cm square. The bitumen sample is heated and poured in the
mould assembly placed on a plate. These samples with moulds are cooled in the air and
then in water bath at 27° C temperature. The excess bitumen is cut and the surface is
leveled using a hot knife. Then the mould with assembly containing sample is kept in
water bath of the ductility machine for about 90 minutes. The sides of the moulds are
removed, the clips are hooked on the machine and the machine is operated. The distance
up to the point of breaking of thread is the ductility value which is reported in cm. The
ductility value gets affected by factors such as pouring temperature, test temperature, rate
of pulling etc. A minimum ductility value of 75 cm has been specified by the BIS. Figure
23.4.2 shows ductility moulds to be filled with bitumen.

Softening point denotes the temperature at which the bitumen attains a particular degree
of softening under the specifications of test. The test is conducted by using Ring and Ball
apparatus. A brass ring containing test sample of bitumen is suspended in liquid like
water or glycerin at a given temperature. A steel ball is placed upon the bitumen sample

and the liquid medium is heated at a rate of 59 C per minute. Temperature is noted when
the softened bitumen touches the metal plate which is at a specified distance below.
Generally, higher

softening point indicates lower temperature susceptibility and is preferred in hot climates.
Figure shows Softening Point test setup.
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4.9.2 Specific gravity test and Viscosity test

Specific gravity test

In paving jobs, to classify a binder, density property is of great use. In most cases
bitumen is weighed, but when used with aggregates, the bitumen is converted to volume
using density values. The density of bitumen is greatly influenced by its chemical
composition. Increase in aromatic type mineral impurities cause an increase in specific
gravity.

The specific gravity of bitumen is defined as the ratio of mass of given volume of
bitumen of known content to the mass of equal volume of water at 27° 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

Viscosity denotes the fluid property of bituminous materia and it is a measure of
resistance to flow. At the application temperature, this characteristic greatly influences
the strength of resulting paving mixes. Low or high viscosity during compaction or
mixing has been observed to result in lower stability values. At high viscosity, it resist the
compactive effort and thereby resulting mix is heterogeneous, hence low stability values.
And at low viscosity instead of providing a uniform Im over aggregates, it will 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 25° C or 10 mm orifice at 25 or 40° C.
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