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This document discusses the classification and testing of highway materials. It begins by classifying highway materials into minerals, common building materials, and binding materials. It then focuses on subgrade soil, describing its uses in highways and desirable properties. The California Bearing Ratio test is described for determining the strength and stability of subgrade soil. Stone aggregates are also classified and their desirable properties discussed. Common tests for stone aggregates are described, including the Los Angeles Abrasion test, Aggregate Impact test, and tests for specific gravity and water absorption.Read less
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	2. 5.1. Classification of  highway
materials
 A highway consists of a number of layers namely
 Sub-Grade = The soil Supporting the roadway
 Sub base = The soil Supporting the Base,bridges base and
subgrade
 Base = The soil which transfers stress from pavement to the
subgrade and is supported by sub base
 Pavement = The strongest and the most expensive material
used to directly bear the load of the veichle and wear and tear
through it
These layers require different materials like soil stone tar
bitumen concrete etc these materials are called highway
materials
 


	3. Highway materials can  be classified as follows
 1. Minerals such as sub grade soil, sand stone chips
,gravel,pit sand,blast furnace slag ,pebble, stone etc
 2. Common building materials like reinforcing steel ,
Timber , Bricks , etc
 3. Binding materials like bitumen , tar etc.They can be
classified as
a. Stone dust or cohesive soil Semi Rigid Binding
b. Cement lime and other inorganic binder Rigid Binding
c. Bitumen tar and other organic binder Flexible Binding
 


	4. 5.2. Subgrade soil
  Uses
 Soil is an integral part of the pavement
 It is used to form embankments as well as the base of road
 Usually pavement layers are constructed over compacted soil
layer in some cases modified soil is also used extensively in
forming the Sub base and base of the highway
 Soil is also used as the surface of the low cost pavements like
gravel road , soil stabilized roads
 It supports the load of the pavement
 Its Strength and other properties highly influence the design of
the road pavements as well as the success of the road
 


	5.  Requirements of  soil as a highway material
 The desirable properties of soil as highway materials are as
follows
1. Stability : soil should offer resistance to permanent
deformation under loads, resistance to weathering and ability
to provide support to the pavement
2. Incompressibility : Soil shall not compress under the loads of
vehicle
3. Permanency of Strength : The strength of soils shall not vary
with time(This occurs due to weathering sub grade moisture
movements etc) i.e it shall provide the same degree of support
the soil below
4. Good drainage : Soil should have good drainage i.e. water
shall not be logged into the soil
5. Ease of Compaction : It shall be compacted easily so as to
provide higher dry density so that the strength of the highway
is ensured
 


	6.  California Bearing  Ratio test of soil
 It is the method of determining the stability or strength of
the soil(Sub grade) as well as that of other highway
materials factor in the design of pavements.
 California Bearing Ratio (CBR) is defined as the ratio of it is
defined as the force required for desired penetration in the
given medium(Soil) to the force required for peneration in
Standard medium(Compacted Stone) provided by a
cylindrical plunger of 50mm dia applied at the rate of
1.25mm/min
 The desired penetration values are 2.5mm and 5mm.
 


	7.  Apparatus:
 A  mould 15 cm internal dia and 175mm height with a base
plate 10 mm thick and collar 50mm in height
 A loading frame that can move vertically at the rate of
1.25mm/min with a cylindrical plunger 50mm in dia and
100mm long
 Dial gauges for measuring the penetration or deflection
 A metal spacer disc disc of 148mm dia and 47.7mm high
 One annular weight and one slotted weight each of weight 2.5
kg and 147mm dia with a central hole of 53 mm dia
 Miscalenous appartus like mixing bowl straight edge scale etc
 



	9.  Preperation Of  Specimen
 1) Undisturbed Specimen
 Fit steel cutting edge of dia 150mm
 Push the mould into the ground gently till it is full of soil
 Remove the excess soil from top and bottom after removing the
collar the sample is ready
 2) Remolded(Disturbed) sample
 A. Statically Compacted
 Calculate the amount of soil required for static compaction
 Calculate the amount of water and mix thoroughly with water
 Fit the extension collar with the vessel
 Place a spacer disc and apply compaction load
 Fill the mould with soil gently pressing it with hands
 Place a coarse filter paper on the leveled soil
 


	10.  A. Dynamically  Compacted
 Sieve the material through 20mm IS Sieve
 Take 4.5 kg of sample for fine and 5.5 for coarse grained soil
 Add required amount of water and mix throughly
 Clamp the extension collar with the mould
 Place the spacer and filter paper
 Pour soil into the mould such that 1/5th of it is fillled at a time
 Compact each layer with 56 blows of 2.6 kg hammer falling
from 310mm for light and 4.89kg hammer falling from
450mm for light compaction and heavy compaction
respectively
 Repeat the process till sample is finished
 Remove collar and trim the excess sample off
 Remove spacer and push the soil to bottom
 


	11.  Testing
 Place  the mould on the machine
 Place the annular weight of 2.5kg on the top surface of the
soil
 Place the plunger on the soil surface and apply a seating
load of 4kg so that a full contact between the plunger and
the soil is established
 Place the reminder of the weight so that total weight is 5.0
kg
 Apply load at the rate of 1.25mm/min and take reading for
penetration of 0 0, 0.5, 1,1.5,2,2.5,3,4,5,7.5,10,12.5
 Collect 20 to 50 gm to determine the water content
 


	12.  IRC Recommendation  For Soaked specimen
 For soaked test a filter paper and then surcharge is
applied over the weight
 Then the sample is soaked for 4 days
 After 4 days the sample is allowed to drain off water
and finally test is performed
 


	13.  Computation of  test results
 Plot the load vs. Deformation curve
 The initial portion is concave upwards due t surface irregularities under this
case draw a tangent at the point having the greatest slope the point where it
meets the abscissa is the new zero
 Take the load value corresponding to 2.5mm and 5mm penetration
 


	14.  CBR=
 Greater  of the two is taken
 Standard load for 2.5mm=1370kg and for 5mm=2055kg
 Generally 2.5 mm value is dominant if 5mm comes to be
grater than another test is conducted and if the same result
persists the 5mm penetration value is taken
 


	15. Plate Load test
  Plate load test is a field test, which is performed to
determine the ultimate bearing capacity of soil and the
probable settlement under a given load. This test is very
popular for selection and design of shallow foundation.
 For performing this test, the plate is placed at the desired
depth, then the load is applied gradually and the
settlement for each increment of load is recorded. At one
point a settlement occurs at a rapid rate, the total load up
to that point is calculated and divided by the area of the
plate to determine the ultimate bearing capacity of soil at
that depth. The ultimate bearing capacity is then divided
by a safety factor (typically 2.5~3) to determine the safe
bearing capacity.
 


	16. Appratus
The following apparatus  is necessary for performing
plate load test.
 Test plate
 Reaction beam or reaction truss
 Dial gauges
 Pressure gauge
 Loading columns
 Hydraulic jack & pump
 


	17. Procedure
 Excavate test  pit up to the desired depth. The pit size
should be at least 5 times the size of the test plate (Bp).
 At the center of the pit, a small hole or depression is
created. Size of the hole is same as the size of the steel
plate. The bottom level of the hole should correspond
to the level of actual foundation.
 A mild steel plate is used as load bearing plate whose
thickness should be at least 25 mm thickness and size
may vary from 300 mm to 750 mm. The plate can be
square or circular. Generally, a square plate is used for
square footing and a circular plate is used for circular
footing.
 


	18.  A column  is placed at the center of the plate. The load is
transferred to the plate through the centrally placed
column.
 The load can be transferred to the column either by gravity
loading method or by truss method.
 


	19.  At least  two dial gauges should be placed at diagonal corners of
the plate to record the settlement. The gauges are placed on a
platform so that it does not settle with the plate.
 Apply seating load of 0.7 T/m2 and release before the actual
loading starts.
 The initial readings are noted.
 The load is then applied through hydraulic jack and increased
gradually. The increment is generally one-fifth of the expected
safe bearing capacity or one-tenth of the ultimate bearing
capacity or any other smaller value. The applied load is noted
from pressure gauge.
 The settlement is observed for each increment and from dial
gauge.
 This increment and data collection is repeated until the
maximum load is applied. The maximum load is generally 1.5
times the expected ultimate load or 3 times of the expected
allowable bearing pressure.
 


	20. Calculation of Ultimate  Load/Bearing capacity
 When the points are plotted on the graph, the curve is broken at one
point. The corresponding load to that breakpoint is considered to be
the ultimate load on the plate. The ultimate bearing capacity can be
calculated from the ultimate load from the plate. The ultimate bearing
capacity is then divided by a suitable factor of safety to determine the
safe bearing capacity of soil from the foundation.
 


	21. 5.3. Stone aggregates
  Definition
 It is a hard mineral substance obtained by quarrying
breaking and(or) dressing of natural stones.
 Stones are responsible for bearing stress coming to the
roads and also for resisting wear due to abrasive action of
the vehicle
 


	22.  Classification
A. Based  on nature of Rocks
 Igneous Formed by cooling of magma
 Sedimentary Formed By the erosion transportation
sedimentation and petrifaction of other rocks Not preffered
 Metamorphic formed by the alternation of the crystalline
structure of the parent rock by the action of heat magma etc
Not preffered
B. Based on Grain size
 Coarse Particle having size more than 4.75mm i.e. retained on
a 4.5mm sieve
 Fine Particle having size less than 4.75mm i.e. passing on a
4.5mm sieve
 


	23.  B. Based  on surface texture
 Granular ,smooth , serrated etc
 B. Based on shape
 Angular flaky rounded etc
 


	24.  Desirable properties  of road aggregates
 1. Strength traffic moving on the surface of the road causes
compressive stress on the pavement the aggregate used shall
be sufficiently strong and capable to withstand these stresses
 2. Toughness The irregularities in the road surface causes the
vehicles to jump as a result of which the pavement is subjected
to a impact this impact of the vehicles tend to break the stones
therefore the aggregate shall be strong enough to withstand
huge amount of impact loads without breaking
 3. Hardness the aggregate used in the road are subjected to
constant rubbing due to moving traffic therefore shall be strong
enough to resist the abrasive action of the moving traffic
 


	25.  4. Durability  : External weather conditions tend to disintegrate the
aggregates, therefore it is necessary for the aggregate to withstand
the adverse effect of weather like rain water frost etc which is called
the durability of the aggregate
 5. Shape of Aggregate : Shape of the aggregate influence the
workability and the strength if the road surface
The shapes of aggregate may be rounded flaky elongated etc
Generally Angular particles provide a better bond as a result are
prefer in WBM and bitumen concrete roads
Rounded particle provides a good workability hence comparatively
rounded aggregates are prefered in the cement concrete roads
 6. Adhesion with Bitumen : Aggregate may be hydrophobic i.e. in
which the bitumen is not stripped off when in contact with water of
Hydrophilic in which bitumen is stripped in the long time prescience
of water
Since the bitumen should bond with the aggregate and strip away the
aggregate shall be selected properly also the bonding can be
increased by taking high porosity aggregate
 


	26. Tests on road  aggregate
Los Angeles Abrasion (LAA) test :
 Aggregated are exposed the abrasive action of traffic
therefore it is necessary that they resists wear and tear
due to the traffic
 The resistance to wear and tear is called hardness
 The hardness of the aggregate can be tested by using
los angles abrasion test
 This test is based on abrasive action rapidly by rotating
mixture of standard steel balls and aggregate
 


	27.  Apparatus
 It  consists of closed cylinder of inside dia 700mm and
length 500mm mounted about its axis so that it can rotate
about the horizontal axis
 The charge consists of a iron ball of dia 48mm and weight
250 to 450gm
 


	28.  v
  


	29.  Procedure
 Take  specified amount of the aggregate and fed it into
the machine containing the balls
 Rotate the machine at 30 to 33rpm for 500 to 1000
rotations
 Sieve the material trough a IS 1.75 mm sieve and weigh
the residue
 LAA Value=
 


	30. Aggregate Impact test
  Aggregate are exposed to impact loads due to jerking
of vehicle which tend to break them
 Aggregate therefore should be sufficiently strong
against the impact loads this is called toughness
 The toughness of the aggregate s tested using the
Aggregate Impact test
 


	31.  Apparatus
 The  apparatus contains a testing machine having a 45 to 60 kg
weight and base minimum 0f 30 cm is dia
 A Cylindrical steel cup of internal dia 102m depth 50mm and
thickness 6.3mm
 A hammer 13.6 to 14.1 kg in weight the lower portion of which
is in the shape of 50mm long and 100mm dia cylinder falling
freely from a height of 380mm
 A cylindrical metal measure of internal dia 75mm and depth
50mm
 Tamping rod
 



	33.  Procedure
 Heat  the aggregate at 100 to 11oc for 4 hour
 Take materials passing through 12.5mm seive and retained on 10mm
seive
 Fill the measuring vessel by three layer tamping each by 25 blows
 Transfer the contents into the cup and apply 25 blows
 Raise the hammer 38cm and provide 15 blows
 Seive throught 2.36mm seive and weight the residual
 Aggregate Impact value =
 


	34. Specific Gravity and  Water absorption test
Specific Gravity :
 it is the ratio of the density of aggregate to the density of water at 4°C
 Specific Gravity of an aggregate is the measure of it’s strength
 Aggregates having a low specific gravity are generally weaker than those
having a higher value
Procedure :
 Take 2kg of aggregate in a basket and immersed in water for 24 hours
 The sample is weighed in air and water and the dry and buoyant weight is
found
 The sample is weighted after allowing sufficient drainage and wet weight is
found
 Sample is now taken out and dries in an oven at 100 to 110c for
 


	35. Let
Md =Dry mass  Of aggregate
Mb = Bouyant weight of sample
Mw = Weight after allowing sufficient drainage
Vn =Net volume of aggregate excluding the voids
= (Md - Mw)/ρw
ρW =Density of water
VR =Total Volume Including The volume of absorbed Water
The specific gravity is calculated as follows
Apparent Specific Gravity
 It is Computed on the basis of net volume of the aggregate that is the volume
excluding the volume of the volume of voids
Gd=
 


	36. Bulk Specific Gravity
  It is computed on the basis of the total volume including the
water permeable voids
• G=
Percentage Water Absorption
 The ratio of difference in mass of aggregate in saturated and dry
condition to the mass of aggregate in dry condition is defined as
the water absorption
 Percentage water absorption=
 


	37. Shape Test
 The  shape of a particle is evaluated by percentage of flaky elongated and
angular particles, these are evaluated as follows
Flakiness Index :
 It is the percentage by weight of the aggregate whose least dimension is less
than 0.6 times the mean particle size
 This test is applicable to particles having size larger than 6.3mm
 The particles are separated into sizes by sieving through sieves
 Then they are passed through the appropriate slots of standard sizes(0.6
times standard)
 The weight of total passing material is evaluated
 Flakiness Index= X 100%
 



	39. Elongation Index
 Those  particled having mean size more than 1.8 times the mean Dia are
called elongated particles
 Elongation Index is It is the percentage by weight of the mean sze of
aggregate
 This test is applicable to particles having size larger than 6.3mm
 The particles are seperated into sizes by seiving through seives
 Then they are passed through the appropriate slots of standard
sizes(1.8times standard)
 The weight of total passing material is evaluated
 Flakiness Index= X 100%
 



	41. Angularity number
 The  angular voids have more voids than rounded ones
 The least voids are in the rounded particles
 The rounded particles leaves a void of 33% and solids 67%
 Angularity number is the voids in excess of that of perfectly rounded
particles i.e. 33%
 The apparatus consists of Metal Cylinder of 3 liter capacity and tamping rod
 Aggregate is filled in the cylinder in 3 layers providing 100 blows from
tamping rod
 The cylinder is weighed and then emptied
 The cylinder is now filled with water and weighed again
 Angularity Number = 67- X100%
𝑊
𝑎/ρ𝑎
𝑊
𝑤/ρ𝑤
 


	42. 5.4. Binding materials  (bituminous
material)
 They are materials which provide a binding action to
the road surface
 It might be bitumen or tar
 Bitumen is Petroleum product obtained by the
distillation of petrol crude
 Tar is obtained by the destructive distillation of wood
and charcoal
 


	43. Bitumen
 It is  viscous liquid material in liquid or solid Stage having adhesive properties
consisting essentially of hydrocarbons
 Derived naturally or by the the fractional distillation of the crude oil
 Bitumen is classified as follows
A. Natural Bitumen : They are found naturally in asphalt form
A.1 Natural lake asphalt
 Found in dispersions of earth accumulated by the action of springs
 They are almost pure or nearly pure in nature
A.2 Native Rock Asphalt
 They are associated with large proportions of mineral matter
 They are found embedded in deposits of sandstone and
B. Artificial Bitumen
 It is obtained by the fractional distillation at petroleum refinery plant
 It is also called straight run bitumen,refinery bitumen etc.
 


	44. 1. Straight Run  Bitumen
2. Liquid Bitumens are classified as follows
 A) Cutback Bitumen
 They are bitumen whose viscosity is reduce by the addition
of volatile substances like gasoline kerosene etc to decrease
the boiling point
 It is used when there is need of fluid binder which can
sprayed at low temperature
 It is used for surface dressing , soil stabilization ,Bitumen
Macadam
 Substitute of heating
 Suitable for direct application
 Good mixing
 Provides grater haul i.e. Transporting time
 


	45.  Types Of  cutback
Slow curing :- It is obtained by blending bitumen with
high binding (low volatile) liquids
They are used in fine cold asphalt palliative materials
Medium curing :- It is obtained by blending bitumen
with medium volatile liquids such as kerosene
 They are used in Dense grade roads surfacing and in soil
stabilization
Rapid curing :- It is obtained by blending bitumen with
highly volatile such as naphtha
 They are used in Dense grade roads when semisolid
binding medium is required
 


	46.  B) Bitumen  emulsions
 Emulsion is relatively stable dispersion of one liquid, minutely
sub-divided into another liquid which are not soluble into each
other
 In Bituminous emulsion bitumen is the disperse phase and water
is the continuous phase
 Stability of emulsion is obtained by mixing an emulsifying agent
contained in aqueous phase
 Bitumen particles can be charges positively or negatively
according to the type of emulsifier
 Emulsion having negatively charged bitumen are called anionic
emulsion and those having positively charged bitumen are called
cationic emulsion
 Emulsifier for anionic emulsion=Fully acidic derived from wood
by reacting with sodium or potassium hydroxide
 Emulsifier for cationic emulsion=amine salts made by reacting
amine with hydrochloric or acetic acid
 


	47.  Bituminous emulsion  are of following type
Slow Setting :
 It does not break down easily in contact with stone
aggregate
 It is suitable for fine aggregates coating and for soil
stabilization
Rapid setting:
 Break rapidly in contact with aggregates and used in
surface dressing and penetration macadam
Medium Setting :
 It breaks with medium speed. It is used in premixing with
coarse aggregates for retreating with old road surface
 


	48. Tar
 Tar is  a viscous material made by destructive
distillation of materials like wood coal etc in the
absence of air
 Based on the material from which the tar is obtained it
is classified as Wood tar and Coal tar
The Production of tar can be classified as follows
 i) Carbonization of coal to produce crude tar
 ii) Refining or distillation of crude tar
 iii) Blending of distillation residue with distillate oil
fraction to give the desired road tar
 


	49.  Tar is  divided into five groups as follows
 RT – 1 has low viscosity and used for surface painting
at cold regions
 RT – 2 for standard surface painting
 RT – 3 for surface painting and premixing chips for top
courses
 RT – 4 premixing macadam in base courses
 RT – 5 Used for grouting as it has highest viscocity
among road tars
 


	50. Bitumen Tar
It is  black or brown in colour and
obtained generally by the distillation of
petroleum
It is black in colour and produced by
the destructive distillation of wood or
coal
It is soluble in CS2 CCl4 benzene etc. It is soluble in toluene only
It has good weather resisting property Its weather resisting capacity is less
than bitumen
It is less temperature susceptible It is more temperature susceptible
They are more susceptible to moisture They are less susceptible to moisture
The amount of impurity and free
carbon content is less than tar
The amount of impurity and free
carbon content is more than bitumen
The viscocity is high The viscocity is low
Difference between Bitumen and Tar
 


	51. 5.5. Tests on  bitumen:
 Penetration test:
 It is a measure of the hardness or consistency of
the bitumen
 It us the vertical distance traversed or penetrated
by a standard needle for 5 seconds under standard
temperature conditions
 The value is obtained is called the penetration
value and is used for the selection of the bitumen
for the road work
 


	52.  Apparatus
 Needle  assembly of total weight 100gm and device for
releasing and locking he needle
 A graduated dial gauge for reading the penetration upto
the value of 0.1mm
 Thermometer of range 0 c to 44c of accuracy 0f 0.2C
 



	54.  Procedure:
 Heat  the bitumen to softening point and pour it into the cylindrical
can unto a depth 15mm grater than the expected penetration value.
 Place sample container at a temperature of 25c for an hour
 After 1 hour take the sample out and bring the needle in contact with
the bitumen surface
 Set reading of dial gauge to zero
 Press the release button for 5 seconds and read the final dial gauge
reading this gives the penetration value
 Generally penetration is given in ranges for eg a 80/100 bitumen will
indicate that the penetration is between 8mm to 10mm
 The Grading is used to access suitably for climatic conditions
 For bituminous and penetration macadam IRC Suggests 60/70 and
80/100 mm for warmer and 180/200 for colder regions
 


	55.  Ductility Test
  The pavement forms a thin film around the aggregate ,
which as a result of which ductility is impaired to the
pavement
 In flexible pavement it is necessary that the pavements is
flexible enough
 The flexibility is measured by observing the Ductile
property of bitumen which is measured by the ductility test
 The ductility of a specimen is measured in terms of the
length upto which bitumen sample made into a bracket can
be stretched at a standard speed
 


	56.  Apparatus
 Briquette  of standard dimension
 Pulling device with distance meter
 Water bath arragement
 



	58.  Procedure
 Heat  the bitumen to liquid stage and pour in a briquette
assembly
 Allow the briquette to cool in air
 Cut the excess bitumen with a knife
 Keep the assembly in water bath at 27c for 85 to 95 min
 Remove the cover to the mould and set initial reading to zero
 Apply strain at the rate of 50 mm/min
 The Distance at which the thread breaks is called the ductility
 The ductility may range from 5 to 100 but for satisfactory
performance it should not be less than 50(Preferable 80 for
cold regions)
 


	59.  Viscosity Test
  Viscosity is the property by virtue of which the offers
resistance to flow, higher the viscosity slower will the
movement be
 Binder(Bitumen) shall spread uniformly all over the
aggregate Viscosity effect this tendency
 A highly viscous binder may not fill up the voids completely
while a low viscosity binder may not hold the aggregate
therefore viscosity of the bitumen shall lie within suitable
range for it to be used as road binder
 Viscosity is measured by the time taken by 50cc of the
bitumen to flow through a standard orifice at specified
temperature
 


	60.  Apparatus
 Viscosity  apparatus
having orifice of size
10mm
 Sample Collector
 Thermometer
 


	61.  Procedure
 Pour  the sample into the Apparatus
 Note the tie taken for 50cc of the material to flow
through it
 The time gives an indirect measure of the viscocity
greater the tie higher is the viscosity
 The Low viscosity bitumen can be used in cold
weather
 High viscosity shall be used in hot places and if used in
cold places shall be heated
 


	62.  Float test
  For consistencies in which penetration test cannot be performed float test is
applied
 The apparatus contains a float with a central hole
 The hole is filled with bitumen ,the float is kept in water and temperature is
slowly increased
 Time required for float to sink is measured this goves the measure of hardness
of bitumen
 


	63.  Softening point  test
 The bitumen used for road application shall be heated
well before its application tll it gets soft the softening
point s determined to know the temperature upto
which the bitumen shall be heated so that it attains
sufficiently fluidity
 Softening point Test Of aggregate
 It is the temperature at which the bitumen turns from
hard to soft state
 It is the temperature at which standard ball penetrate
the bitumen sample and falls through a height of
2.5cm when heated in glycerin under standard rate
 


	64.  Apparatus
 Brass  ring , steel ball , holding arrangement
 


	65.  Procedure
 Put  heated bitumen in the brass ring
 Place it into the holder
 Place the ball into the ring and heat @ 5c/min
 Note the temperature at which the ball just touches the
lower ball i.e. falls through 2.5cm heght
 


	66.  Flash and  Fire Point Test
 Flash pipe is the lowest temperature at which the
application of test flame causes the vapors from the
materials to catch fire momentarily
 Fire point is the lowest temperature at which the
application of test flame causes the material to ignite
and burn continuously
 At high temperature there is a chance of fire hazard
therefore flash and fire point test are used to
determine the temperature at which the material can
be safely used
 


	67.  Procedure
(i) Fill  the material in cup , place the lid, close
(ii) Fit the thermometer
(iii) heat bitumen and increase temperature @ 5 deg per minute
(iv) At the anticipated flash point bring the flame near and heat @ 1Deg per
minute
(v) At a moment application of flame causes a bright flash inside this is the
flash point
(vi) Similarly the moment at which application of flame causes the sample
to burn is called fire point
 


	68.  Solubility Test
  Pure bitumen is completely soluble in solvents like
carbon disulphate , carbon tetrachloride etc. Any
impurities present thus can be detected by dissolving
bitumen into any of the two solvents
 Procedure
 The sample is disolved in carbon disulphate
 


	69. 5.6 Bituminous Mixes
  They are readymade mixture composed of binder materials combined with
Coarsed and fine aggreage with or without filler materials
 They are of two type
1. Closed Graded Mixes:
 Composed of hot mix, hot laid mixture of aggregates and high viscosity
binder
 Used in high category roads in the construction of top layer
2. Open Graded Mix:
 Laid in hot or cold mix form
 Used in medium category roads
 


	70. Ingredients of Bituminous  Mixes
1. Coarse aggregates: Materials retained on 2.36 mm Sieve
 Function:
 Imparts stability to the mix by mechanical interlock between the
particles and friction between the particles
 Resist the abrasive action of traffic and withstand wear.
2 Fine aggregates: Materials passing through 2.36mm and retained on 75
micron sieve
 Function:
 Add stability by increasing interlock
 Helps to secure density by filling of voids
 facilitate greater load transfer
 


	71.  3. Filler:  Materials passing through 75 micron sieve.
 Functions:
 Acts as final void filling medium and completes the process
of making the mixture as impermeable and dense as possible
 Lowers the temperature susceptibility of binder
 Helps retaining its stability and hardness
 4. Binder : They are materials which bind together the
different materials of the mix
 Functions :
 Lubricate all aggregate and facilitate compaction
 Impart cohesion to the mixture and increases its safety
 Serves to waterproof layer
 Provide flexibility
 


	72. Method of Bituminous  Mix Design
 Bituminous mix design should aim an economical blend with proper
gradation of aggregates and adequate proportion of bitumen
 Some of the desirable property of good bituminous mix are stability,
durability, flexibility, skid resistance and workability
 A properly done mix design should ensure following properties:
 Sufficient stability satisfying the service requirements of pavement and
traffic conditions
 Sufficient bitumen to ensure a durable pavement by bonding aggregates
together and water proofing
 Sufficient voids in compacted mix to provide a reservoir space for slight
amount of additional compaction avoiding flushing, bleeding and loss of
stability
 Sufficient flexibility even in coldest season and prevent cracking
 Sufficient workability while placing and compacting of the mix
 Economical that would produce stable, durable and skid resistance
pavement
 


	73.  Design of  bituminous mix primarily consists of following
steps:
 Selection of aggregates
 Selection of binders
 Determination of optimum binder content
 1. Selection of Aggregate
 Density and stability of mix highly depends on the aggregate and size
distribution. Bigger size give higher stability.
 Aggregates with sufficient strength, hardness and soundness shall
therefore be selected
 Crushed aggregates and sharp sands produce high stability compared to
gravel and rounded sands therefore are preferred
 


	74.  The table  illustrates the specification of material proposed for bituminous mix.
 The gradation required depends upon the type of mix 37.5mm down aggregate
are used for dense graded mixes while 45mm down are used for open graded
mixes
Maximum %
Impact and LAA Value 24% and 30%
Combined Flakiness and Elongation
Index
30%
Stripping Value 5%
Soundness (MgSo4/Na2So4 5 cycles) 18 % and 12 %
Water Absorption 2%
 


	75. 2. Selection of  Binders:
 Depends upon the nature of traffic and climatic condition, penetration grade is
considered
USE Climate
Hot Hot
Humid
Moderate Cold
A. Highway
1. Heavy and very heavy traffic
2. Medium and light Traffic
30/40 or
60/70
80/100
60/70
80/100
80/100
80/100
80/100
120/150
B. Street
1. Heavy and very heavy traffic
2. Medium and light Traffic
30/40 or
60/70
80/100
60/70
80/100
80/100
80/100
80/110
80/100
 


	76. 3. Determination of  Optimum Binder Content (OBC)
 Done to ensure maximum stability defined as resistance of paving mix to
deformation under load
 It can be done by
 Surface area concept and
 Void concept method
1. Surface area Concept:
 Stability of bituminous mixes is obtained by interlocking of mineral particles
 Binder must be enough to form thin film around all mineral particles
 It provides required cohesion to make particles together
 It should not take more space in voids available
 Excess of bitumen cause flow of the mix and various surface distortions
 Usually used for determining binder content of open graded mixes
 Also used in preliminary estimates of binder in the mixes intended for design by
void concept method
 


	77.  Nebraskan formula
  P=AG(0.002a)+0.06b+0.1c+Sd
 P- % by wt of bitumen residue in mix prior to laying
 A- absorption modifying factor based on the percentage of materials
passing ASTM 50 (300 Micron) sieve
 G- Specific Gravity correction = 2.62/apparent specific gravity
 a- % by wt. of aggregate passing through ASTM 50
 b- % by wt. of aggregate passing through ASTM 50 and retained on
ASTM 100
 d- % by wt. of aggregate passing through ASTM 200
 S- experimental factor depending upon the fineness and absorptive
characteristics of material passing ASTM 200
 


	78. 2. Void Concept  Method:
 Void in mineral mass must be minimized to improve the stability by the selection of
appropriate well graded materials
 All mineral particles would be coated with thin film of binders and minimum voids
are filled
 Amount of binder content is controlled by voids space and this method can be
applied for design of dense bituminous mix and not to open graded ones
 MIX DESIGN METHOD (MARSHALL METHOD)
 This method helps in designing a mix and determination of strength and flexibility
 Strength is measured in terms of Marshall Stability of mix which is the maximum
load carrying capacity of a compacted specimen at standard test temperature of
600C which represents the weakest condition for a bituminous pavement
 Flexibility is measured in terms of Flow Value which is measured by change in
diameter of the sample in direction of load application between start and maximum
loading time.
 Objectives:
 Determination of density
 Determination of strength and flexibility
 Determination of suitability of bituminous mix
 


	79. Apparatus:
 Cylindrical mould  of
101.6mm dia and 63.5mm
height with a base plate and
collar
 Hammer of 4.54 Kg
 Sample extractor to extrude
the compacted specimen
from mould
 Dial gauge to measure
deformation
 Proving ring to measure
load
 


	80. Sample Preparation:
 Measure  1.2 Kg of aggregates and heat upto 1540 – 1600
 Add bitumen at mixing temperature producing viscosity of 170 ± 20 centistokes
at various % for both above and below the expected optimum content
 Mix the material in heated pan
 Return the mixture to oven and reheat it to compacting temperature producing
viscosity of 280±30 centistokes
 Place the mixture in heated marshall mould with a collar and base. Spade the
mixture around the sides, place filter paper under and on top of the sample
 Place the mould in marshall compaction pedestal and compact the material
with 50 blows of hammer, invert and repeat the process
 After compaction invert the mould, with collar on bottom remove the base and
extract the sample and allow to stand for few hours to cool
 


	81.  Obtain the  sample’s mass in air and submerged to measure density of specimen
 At least three specimens for each combination of aggregates should be
prepared
 For surface courses with 12mm aggregate, expected OBC may be made at 5.5%,
6%, 6.5%, 7% and 7.5% bitumen content
Testing
 Specimens are heated upto 60 ± 10 ( 57.80 ± 1 for specimens with tar) either in
water bath for 30-40 mins or in oven for minimum 2 hrs
 Remove the specimen and place in lower segment of the breaking head. Then
place the upper segment of breaking head on the specimen and place the
complete assembly in position on the testing machine
 Place flow meter over one of the post and adjust it to read zero
 Apply load at 50mm/min until maximum load reading is obtained
 Record the maximum load reading in N at the same instant obtain the flow as
recorded on flow meter in mm
 


	82.  Calculation
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