
































































TESTS ON AGGREGATES
• Sieve analysis or Gradation
• Specific gravity and water absorption test
• Crushing test
• Abrasion test• Abrasion test
• Impact test
• Flakiness & Elongation Test (Shape Test)



• Weight of saturated aggregate suspended in water with basket = W1g
• Weight of basket suspended in water = W2 g
• Weight of saturated surface dry aggregate in air = W3g
• Weight of oven dry aggregate = W4 g
• Weight of saturated aggregate in water = W1 – W2 g

1. Specific Gravity And Water Absorption Test

• Weight of saturated aggregate in water = W1 – W2 g
• Weight of water equal to the volume of the aggregate = W3–( W1–W2)g

Formulas:
(1) Specific gravity = W3 / (W3– (W1– W2))
(2) Water Absorption = ((W3 – W4) / W4) X 100



Recommended Values of
Specific Gravity and Water
Absorption for Aggregates

• The specific gravity of
aggregates normally used
in road construction ranges
from about 2.5 to 3.0 with
an average of about 2.68.

• Water absorption shall not
be more than 0.6 per unit
by weight



2. Crushing Test
•Aggregate crushing value test on coarse aggregates gives a relative measure
of the resistance of an aggregate crushing under gradually applied compressive
load.
•Aggregate crushing value is a numerical index of the strength of the aggregate
and it is used in construction of roads and pavements.and it is used in construction of roads and pavements.
•Crushing value of aggregates indicates its strength. Lower crushing value is
recommended for roads and pavements as it indicates a lower crushed fraction
under load and would give a longer service life and a more economical
performance.





• 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 tamped 25 times with at standard tamping rod. The test sample is
weighed and placed in the test cylinder in three layers each layer being tamped
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) which is the aggregate crushing value.

• Aggregate crushing value = (W1/W2)*100
• A value less than 10 signifies an exceptionally strong aggregate while above

35 would normally be regarded as weak aggregates.



Type of road construction Aggregate crushing value not more than (%)
1. Flexible pavements 50
(a) Soiling 40
(b) Water bound macadam 40
(c) Bituminous macadam 30
(d) Bituminous surface-dressing or 
thin premix carpet 30

2. Rigid pavements
(a) Other than wearing course 45
(b) Surface of wearing course 30



Due to movements of traffic, the road metals used in the surface
courses are subjected to wearing action at the top. Resistance to wear
or hardness is hence an essential property for road aggregates. The road
metals or aggregates should be hard enough to resist the abrasion due
to traffic.

3. Los Angeles Abrasion Test

to traffic.







• Select the grading to be used in the test such that it conforms to the grading
to be used in construction, to the maximum extent possible.

• Take 5 kg of sample for gradings A, B, C & D and 10 kg for gradings E, F & G.
• Place the aggregates and abrasive charge on the cylinder and fix the cover.
• Rotate the machine at a speed of 30 to 33 revolutions per minute. The

number of revolutions is 500 for gradings A, B, C & D and 1000 for gradings
E, F & G. The machine should be balanced and driven such that there isE, F & G. The machine should be balanced and driven such that there is
uniform peripheral speed.

• The entire stone dust is sieved on 1.70 mm IS sieve.
• The material coarser than 1.7mm size is weighed correct to one gram.



Observations of Los Angeles Test
• Original weight of aggregate sample = W1 g
• Weight of aggregate sample retained = W2 g
• Weight passing 1.7mm IS sieve = W1 – W2 g

Abrasion Value = (W1 – W2 ) / W1 X 100
Recommendations:

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



4. Impact Test
The property of a material to resist impact is known as toughness. Due to
movement of vehicles on the road the aggregates are subjected to impact
resulting in their breaking down into smaller pieces.
The aggregates should therefore have sufficient toughness to resist their
disintegration due to impact. This characteristic is measured by impact value
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 is filled in a
cylindrical steel cup of internal 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 numbers
of blows.of blows.

• Metal hammer of weight 13.5 to 14 Kg is arranged to drop with a free fall of
38.0 cm by vertical guides and the test specimen is subjected to 15
numbers of blows.

• The crushed aggregate is allowed to pass through 2.36 mm IS sieve and
weighed.



AGGREGATE IMPACT VALUE = (B/A)*100
• Initial weight of dry aggregates taken in the measuring the cylinder of (A)
• Weight of fraction passing 2.36mm IS sieve (B)

Aggregate Impact Value ClassificationAggregate Impact Value Classification
Less than 10% Exceptionally strong

10 – 20% Strong
10 – 30% Satisfactory for road surfacing

Greater than 35% Weak for road surfacing



5. Shape Test
• The particle shape of the aggregate mass is determined by the percentage

of flaky and elongated particles in it. Aggregates which are flaky or
elongated are detrimental to higher workability and stability of mixes.

• 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.

• The Elongation index of an aggregate is the percentage by weight of
particles whose greatest dimension (length) is greater than nine-fifths
(1.8times) their mean dimension. This test is not applicable for sizes smaller
than 6.3mm.



• Take sufficient quantity (W1) of coarse aggregate sample by quartering so as
to provide atleast 200 pieces of any fraction.

• Carry out sieving by hand
• Pass the separated aggregate fractions as retained on the sieves in step 2

through the corresponding slots in the thickness guage.
• Find the total mass W2 of the materials passing through the slots of the• Find the total mass W2 of the materials passing through the slots of the

thickness guage.
• Calculate the flakiness index as defined below. The flakiness index is an

empirical factor expressing a total material passing through the slots of the
thickness guage as the percentage of the mass of sample taken for testing.



• The weight of particles not passes through the thickness gauge is recorded
for each fraction. This is the weight W3of aggregate considered to calculate
the Elongation index.

• Pass the separated aggregate fractions as retained on the sieves in step 2
through the corresponding slots in the thickness guage.

• Find the total mass W4 of the material retained on the length gauges.
• Determine the elongation index as percentage material retained by the• Determine the elongation index as percentage material retained by the

length gauges to the total weight of non flaky aggregate sample.



• Flakiness Index  of Coarse Aggregate =  (W2/W1)x 100
Where, 
W1 = Weight of aggregate retained on each sieve
W2 = Weight of aggregate passing through slot

• Elongation Index = (W4/W3) X 100
Where, 
W3 = Weight of aggregate retained on each sieve
W4 = Weight of aggregate passing through slot























1. Wall Foundation
• Wall footings are pad or spread and strip footings which are

used to support structural or nonstructural walls to transmit
and distribute the loads to the soil in such a manner that the
load-bearing capacity of the soil is not surpassed.

• Wall footing runs along the direction of the wall. The size of the
footing and the thickness of the foundation wall are specified
on the basis of the type of soil at the site. The width of the wall
footing is generally 2-3 times the width of the wall.





2. Individual Footing Or Isolated Footing
• Individual footing or an isolated footing is the most

common type of foundation used for building construction.
• Shape of the footing – Square or Rectangle and is used

when loads from structure is carried by the columns.when loads from structure is carried by the columns.
• Size is calculated based on the load on the column and safe

bearing capacity of soil.





• A combined footing is the one which supports two
columns and it may be rectangular or trapezoidal in
plan.

• The aim is to get uniform pressure distribution

3. Combined Footing

• The aim is to get uniform pressure distribution
under the footing. For this the center of gravity of
the footing area should coincide with the center of
gravity of the combined loads of the two columns.



Combined Footings Are Used In The Following 
Situations: 

• When the columns are very near to each other so
that their footings overlap.

• When the bearing capacity of the soil is less,
requiring more area under individual footing.

• When the end column is near a property line so
that its footing cannot spread in that direction.





4. Raft or Mat Foundations
• Raft or mat foundations are the types of foundation which are

spread across the entire area of the building to support heavy
structural loads from columns and walls.

• The use of mat foundation is for columns and walls foundations
where the loads from structure on columns and walls are verywhere the loads from structure on columns and walls are very
high.

• This is used to prevent differential settlement of individual
footings, thus designed as a single mat (or combined footing) of
all the load bearing elements of the structure.





Pile foundation???
Pile foundation a kind of deep foundation, is actually a
slender column or long cylinder made of materials such as
concrete or steel which are used to support the structure and
transfer the load at desired depth either by end bearing ortransfer the load at desired depth either by end bearing or
skin friction.







Large Distributed
Weight

Very large WeightLow  
Weight

Soft to  Firm Clay

Strong
Rock



When to Use Pile Foundation??
Following are the situations when using pile foundation system can be
• When groundwater table is high.
• Heavy and un-uniform loads from superstructure are imposed.
• Other types of foundations are costlier or not feasible.
• When the soil at a shallow depth is compressible.
• When there is the possibility of scouring, due to its location near river bed or sea

shore etc.
• When there is a canal or deep drainage systems near the structure.
• When soil excavation is not possible up to the desired depth due to poor soil

condition.





End Bearing Piles
• In end bearing piles, the bottom end of the pile rests on a layer of

especially strong soil or rock.
• In a sense, this pile acts like a column.
• The key principle is that the bottom end rests on the surface which

is the intersection of a weak and strong layer.is the intersection of a weak and strong layer.
• The load therefore bypasses the weak layer and is safely

transferred to the strong layer



Friction Piles
• Friction piles work on a different principle. The pile transfers the

load of the building to the soil across the full height of the pile, by
friction.

• To visualize how this works, imagine you are pushing a solid metal
rod of say 4mm diameter into a tub of frozen ice cream. Once yourod of say 4mm diameter into a tub of frozen ice cream. Once you
have pushed it in, it is strong enough to support some load. The
greater the embedment depth in the ice cream, the more load it
can support





Sheet Piles
This type of pile is mostly used to provide lateral support. Usually, 
they resist lateral pressure from loose soil, the flow of water etc. 



Timber piles:
• Timber can be used for

manufacture of temporary
piles and also for
permanent ones in regions
where timber is readily andwhere timber is readily and
economically available. It’s
most suitable for long
cohesion piling and piling
under embankments.



Steel Piles:
• Steel can be used for both

temporary and permanent
works. They are suitable for
handling and driving for piles
with prolonged lengths.

• Their relatively small cross
sectional area along with the
high strength makes
penetration easier in firm



Concrete piles:
Concrete is used to manufacture of precast concrete piles, cast in
place and pre-stressed concrete piles. Pre-stressed concrete piles are
becoming more approved than the ordinary pre-cast as less
reinforcement is required.



Under Reamed Piles 
• These are bored, cast in-situ,

concrete piles with one or more
bulbs formed by enlarging the pile
stem.

• They are suitable for loose and
filled up sites, or where soils arefilled up sites, or where soils are
weak or expansive like black
cotton soil.

• The length of under-reamed piles
varies from 3 to 8 meter and their
centre to centre spacing should
normally be not less than 2 times
the under-reamed diameter.
























































































































































































