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Aggregates

Aggregates are combination of distinct parts of materials
gathered together into a mass or a whole. It is an essential
construction practices in a way that aggregates compose many of
materials used in construction.

There are three main types of aggregates. Aggregates may be a
mass of sand, gravel, or crushed stone.

Sand

Sand is a natural granular material that is formed from rock
disintegration. It is very fine and it consisted of particles
having a diameter from 1/16 inch up to 2 mm. In nature, it is
commonly found in bodies of water.

Gravel

Gravel are rock fragments formed by the process of erosion. Its
particles are larger than the sand in which its particles diameter
are greater than 2mm. A common characteristic of gravel is its
rounder edges due to erosion in from bodies of water such as rivers
and streams. Like sand, it occurs naturally and also abundant in
bodies of water.

Crushed Stone

Crushed stone is a type of aggregate that results from crushing
of bedrock, boulders, or large cobbles. It is a product of
drilling, blasting, and excavating a part of land. Unlike gravel,
it tends to have angular edges. Crushed stone are only acquired
through man-made process (such as quarrying) and does not occur
naturally.

Uses of Aggregates

Aggregates, as a construction material, have many uses. It
includes its use in concrete, mortars, pavements, unpaved roads,
parking areas, and railways.

1. Aggregates in Concretes

Aggregates are essential ingredients in making concrete.
Concrete is a mixture of cement, aggregates, and water. A large
part of concrete is made up of aggregates by which it makes up 60%
to 70% of volume of concrete. The aggregates are used as fillers in
concrete to reduce the amount of cement paste thereby making the
concrete mix economical.

2. Aggregates in Mortar

Mortars are binders that put bricks, stones, and concrete
together. It is composed of sand, cement, and water. Aside from
binding construction materials, they also fill gaps and voids. To
conform to the standard mix of mortar based from ASTM C270, the
ratio of sand to cement must be 3:1.

3. Aggregates in Pavements

Pavements are the surfaces of a road and it is composed of
asphalt and aggregates. Aggregates make the road surface hard and
tough and in asphalt concretes, it constitutes 75% to 85% of volume
and 92% to 96% of mass.

4. Aggregates in Unpaved Roads and Parking Areas

Aggregates provide solid surfaces in unpaved roads than soil
alone. This prevents sinking of vehicles during wet weather such as
rain and snows. The same concept is applied in parking lots wherein
vehicles parked are not allowed to sink in times of rain.

5. Aggregates in Railways

The aggregates used in railway are called railway ballasts and
it is composed of crushed stones. These crushed stones hold the
railway ties and in turn, these railway ties hold the rails in
place. The purpose of railway ballasts are to distribute the load
of the train, make way for thermal expansion, drainage of rains and
snow, and prevention of growth of plants and grasses in the
railway.

Classification of Aggregates

The variability in density can be used to produce concrete of
widely different unit weights. The most common classification of
aggregates on the basis of bulk specific gravity is lightweight,
normal-weight, and heavyweight aggregates. This section
specifically address the different characteristics found in both
lightweight and heavyweight aggregates.

Lightweight Aggregates

Lightweight concrete contains aggregate that is natural or
synthetic which weighs less than 1100 kg/m3. The lightweight is due
to the cellular or high internal porous microstructure, which gives
this type of aggregate a low bulk specific gravity. The most
important aspect of lightweight aggregate is the porosity. They
have high absorption values, which requires a modified approach to
concrete proportioning. For instance, slump loss in lightweight
concrete due to absorption can be an acute problem, which can be
alleviated by pre-wetting (but not saturating) the aggregate before
batching.

Lightweight aggregates are covered in ASTM C330 (for structural
concrete), C331 (for masonry units), and C332 (for insulating
concrete). Additionally, these specifications all contain the
requirement that aggregates should be composed of predominately
lightweight-cellular and granular inorganic material. Expanded
clay, shale and slate are the most common materials found in
lightweight aggregate used in structural concrete.

Heavyweight Aggregates

Heavyweight concrete contains aggregates that are natural or
synthetic which typically weigh more than 2,080 kg/m3 and can range
up to 4,485 kg/m3. Heavy weight aggregate is most commonly used for
radiation shielding, counterweights and other applications where a
high mass-to-volume ratio is desired. ASTM C637 covers aggregates
used for radiation shielding and Table (3) contains the physical
properties of heavy weight aggregates.

Test of Aggregates

1. Unit Weight

The unit weight is defined as weight per unit bulk volume for
bulk aggregates. Besides the pores inside each aggregate, the bulk
volume also includes the space among the collection of particles.
According to the weight measured at different conditions, the unit
weight can be divided into UW (SSD) and UW (OD):

and

The percentage of spacing (voids) among the aggregates can be
calculated as:

For mixture proportioning, the bulk unit weight (bulk density)
is required. The bulk density measures the volume that the graded
aggregate will occupy in concrete, including the solid aggregate
particles and the voids between them. Since the weight of the
aggregate is dependent on the moisture content of the aggregate,
constant moisture content is required. This is achieved by using OD
aggregate. Additionally, the bulk density is required for the
volume method of mixture proportioning.

2. Specific Gravity

It is the ratio of the mass of a substance to the mass of an
equal volume of water at a specified temperature. Specific gravity
is easily calculated by determining the densities by the
displacement of water. All aggregates contain some porosity, and
the specific gravity value depends on whether these pores are
included in the measurement.

Bulk Dry Specific Gravity:

Aggregate has tiny pores, permeable or impermeable to water. It
includes the volume of both permeable and impermeable pores.

Bulk SSD Specific Gravity:

Saturated Surface Dry, it assumes that all permeable pores are
filled with water (saturated). The particles appear moist, but it
is not shiny.

Apparent and Effective Specific Gravity:

The apparent specific gravity includes the volume of impermeable
pores only. For effective specific gravity, a portion of the
water-permeable pores are filled with asphalt cement. It also
includes the pores not accessible to asphalt.

For the purpose of mixture proportioning, it is important to
know the space occupied by the aggregate particles, including the
pores within the particles. Bulk specific gravity is generally used
for the calculation of the volume occupied by the aggregate in
various mixtures including Portland cement concrete and asphalt
concrete.Bulk SSD specific gravity is used if the aggregate is
wet.

3. Absorption

Absorption is the penetration of liquid into an aggregate
particle with resulting increase in particle weight. The formula
for absorption capacity (AC) is:

AC = [(WSSD- WOD) / (WOD)] x 100%

Aggregates behave like a sponge, that is why it has the property
of absorbing. The amount of water absorbed into pores of aggregate
particles is expressed as percentage of water to dry weight.

The values of absorption capacity are used to calculate the
change in weight of the aggregate due to water absorbed in the pore
spaces. It is also used to calculate the amount of water that is
absorbed by aggregates during Portland concrete mix
preparation.

4. Moisture Content

Moisture content of an aggregate is an important factor when
developing the proper water material ratio. All aggregates contain
some moisture based on the porosity of the particles and the
moisture condition of the storage area. The moisture content can
range from less than 1 percent in gravel up to 40 percent in very
porous sandstone and expanded shale.

The moisture condition of aggregates refers to the presence of
water in the pores and on the surface of aggregates.

Oven Dry (OD): This condition is obtained by keeping aggregates
at temperature of 110 degrees Celsius for a period of time long
enough to reach a constant weight.

Air Dry (AD): This condition is obtained by keeping aggregates
under room temperature and humidity. Pores inside the aggregate are
partly filled with water.

Saturated Surface Dry (SSD): In this situation the pores of the
aggregate are fully filled with water and the surface is dry. This
condition can be obtained by immersion in water for 24 hours
following by drying of the surface with wet cloth.

Wet (W): The pores of the aggregate are fully filled with water
and the surface of aggregate is covered with a film of water.

To make concrete, aggregates are mixed with water and cement.
Since concrete properties at both the fresh and hardened states are
strongly affected by the water content, it is very important to
ensure that the right amount of water is added to the mix. In
designing concrete mix, the moisture content under SSD condition is
used as reference because that is an equilibrium condition at which
the aggregates will neither absorb neither water nor give up water
to the paste

5. Sieve Analysis

Sieve analysis helps to determine the particle size distribution
of the coarse and fine aggregates. Gradation of aggregates is
determined from sieve analysis, in which a representative sample of
aggregate is passed through a series of sieves and the weight
retained in each sieve expressed as a percentage of the sample
weight is compared with the grading limits specified.

Sieve analysis consists of determining the proportionate amounts
of particles retained on or passing through each of a set of sieves
arranged in decreasing sizes. The sieve analysis of fine aggregate
is commonly carried out in a mechanical shaker that is designed for
8 in. diameter round sieves; that of course aggregate may be
carried out in the same shaker designed for 8 in. round sieves, or
by using larger rectangular sieves mounted in frames designed to
accommodate them.

By measuring the weights of particles retained in each sieve
after the agitation the percentage of weight passing through (finer
than) or retained (coarser than) in each sieve is calculated. These
values are plotted in a chart, and then compared with the specified
or standard limits to establish the suitability of the
aggregates.

6. Fineness Modulus

Fineness Modulus (FM) is used in determining the degree of
uniformity of the aggregate gradation. It is an empirical number
relating to the fineness of the aggregate. The higher the FM is,
the coarser the aggregate is.

Fineness Modulus is defined as the sum of the cumulative
percentages retained on specified sieves divided by 100.

A method of selecting mixture proportions for concrete based on
the fineness modulus of the combined fine and coarse aggregate was
proposed by Abrams in 1918. This method is not widely used today
but the concept of being able to describe particle-size
distributions by an index number remains useful for many purposes.
Many agencies use fineness modulus variation as a convenient means
of keeping quality history data on uniformity of particle-size
distribution of aggregate production, delivery, and use. Some
agencies require that aggregates be processed to remain within
upper and lower limits of fineness modulus.

7. Abrasion Test

The Los Angeles (L.A.) abrasion test is a common test method
used to indicate aggregate toughness and abrasion characteristics.
Aggregate abrasion characteristics are important because the
constituent aggregate in Hot Mix Asphalt (HMA) must resist
crushing, degradation and disintegration in order to produce a high
quality HMA.

A sample of aggregate retained on the sieve is placed inside a
rotating steel drum containing a specified number of steel spheres
or charge. As the drum rotates, a shelf inside the drum picks up
the aggregate and steel spheres. The shelf carries them around
until they drop on the opposite side of the drum, subjecting the
aggregate to impact and crushing. Then, the aggregate is subjected
to abrasion and grinding as the drum continues to rotate until the
shelf picks up the contents, and the process is repeated. The drum
is rotated for a specified number of revolutions. Afterward, the
aggregate is removed from the drum and sieved.

This test has been widely used as an indicator of the relative
quality or competence of various sources of aggregate having
similar mineral compositions. The results do not automatically
permit valid comparisons to be made between sources distinctly
different in origin, composition, or structure. Assign
specification limits with extreme care in consideration of
available aggregate types and their performance history in specific
end uses.

8. Wash Test

It is process of washing and sieving the aggregates
simultaneously; and it cleans and separates the coarse aggregate
from the fine aggregate such as clay and silt.

Plain water is adequate to separate the material finer than 75 m
from the coarser material with most aggregates. In some cases, the
finer material is adhering to the larger particles, such as some
clay coatings and coatings on aggregates that have been extracted
from bituminous mixtures. In these cases, the fine material will be
separated more readily with a wetting agent in the water.

9. Size Gradation

One of the most influential aggregate characteristics in
determining how it will perform as a pavement material; In HMA,
gradation helps determine almost every important property including
stiffness, stability, durability, permeability, workability,
fatigue resistance, frictional resistance and moisture
susceptibility; and In PCC, gradation helps determine durability,
porosity, workability, cement and water requirements, strength, and
shrinkage.

Size Gradation

The gradation and size test is used to determine aggregate
particle size distribution. Size distribution is perhaps the single
most important aggregate quality associated with the control of
mixtures. Aggregate gradation and size affect volumetric properties
as well as mixture permeability and workability.

Size Analysis:

In a gradation and size analysis, a sample of dry aggregate of
known weight is separated through a series of sieves with
progressively smaller openings. Once separated, the weight of
particles retained on each sieve is measured and compared to the
total sample weight. Particle size distribution is then expressed
as a percent retained by weight on each sieve size. Results are
usually expressed in tabular or graphical format; Graphical
displays almost always use the standard 0.45 power gradation graph.
Standards: AASHTO T 27 and ASTM C 136: Sieve Analysis of Fine and
Coarse Aggregates

Particle Size Distribution

The particle size distribution, or gradation, of the constituent
aggregate is one of the most influential characteristics in
determining how a mixture will perform as a pavement material.
Aggregate gradation influences almost every important HMA (hot
mixed asphalt) property including stiffness, stability, durability,
permeability, workability, fatigue resistance, skid resistance and
resistance to moisture damage

Gradation Graphs

Gradation is often expressed in graphical form. Typically,
gradation graphs use concepts of maximum density gradation and its
expression in equation form to plot a special graph referred to as
the FHWA (Federal Highway Association) 0.45 power graph.

Maximum Density Gradation:

Theoretically, there exists a particular gradation that, for a
given maximum aggregate size, will produce the maximum density.
This gradation would involve a particle arrangement where
successively smaller particles are packed within the voids between
larger particles. If done ideally, this would result in a minimum
void space between particles and produce a maximum density.
Practically, an aggregate gradation of maximum density is not
desired because a certain amount of void space is required to
provide adequate volume for the asphalt binder to occupy.

Fuller and Thompsons Equation:

Fuller and Thompson developed a widely used equation to describe
a maximum density gradation for a given maximum aggregate size.
Defined by: ; where n refers to the fineness parameter; d refers to
the considered aggregate size; and D refers to the maximum
aggregate size.

Maximum Aggregate Size:

The smallest sieve through which 100 percent of the aggregate
sample particles pass. Superpave mix design defines the maximum
aggregate size as one sieve larger than the nominal maximum size
(Roberts et al., 1996).

Nominal Minimum Aggregate Size (NMAS)

The largest sieve that retains some of the aggregate particles
but generally not more than 10 percent by weight. Superpave mix
design defines nominal maximum aggregate size as one sieve size
larger than the first sieve to retain more than 10 percent of the
material (Roberts et al., 1996).

Gradation Types

Aggregate gradation can be generally described by a few broadly
defined gradation categories. Each one describing a general type of
gradation.

Categories

Dense or Well-Graded - Refers to a gradation that is near the
FHWAs 0.45 power curve for maximum density.

Gap Graded - Refers to a gradation that contains only a small
percentage of aggregate particles in the mid-size range.

Open Graded - Refers to a gradation that contains only a small
percentage of aggregate particles in the small range.

Uniformly Graded - Refers to a gradation that contains most of
the particles in a very narrow size range. The desired gradation
for a particular HMA mixture is dependent upon its intended use and
desired characteristics, predicted loading, environmental
conditions, as well as material, structural and mix properties.
Therefore, Gradation Requirements for specific HMA mixtures can
vary widely.

Other Grade Specifications:

Gradation and size are specified by designating a NMAS and a
series of gradation control points. Control points give the
allowable percent passing (or retained) range for given sieve
sizes. The Control Points Graph shows aggregate gradation control
points. These gradation control points are quite broad and were
included for specific purposes (Huber, 1996).

Requirements:

1st control point (minimum 100% passing). Defines the maximum
aggregate size for a mix. By definition, 100% must pass this sieve
size. 2nd control point set (90 to 100% passing). Defines the NMAS
for a mix. By definition, 90 to 100% must pass this sieve size. 3rd
control point set (No. 8 (2.36 mm) sieve). Used to control the
amount of sand sized particles in the mixture, the upper control
point excludes overly fine mixtures, while the lower control point
ensures enough sand sized particles are included to make a dense
graded mixture. 4th control point set (No. 200 (0.075 mm) sieve).
Obtained from ASTM D 3515 as typical for dense graded mixtures,
this excludes non-dense graded mixtures such as stone matrix
asphalt (SMA), which typically has 10 to 14% passing the No. 200
(0.075 mm) sieve.

Test Description Guide

AASHTO T 27 or ASTM C 136: Sieve Analysis of Fine and Coarse
Aggregates

AASHTO T 11 or ASTM C 117: Materials Finer than 75-m (No. 200)
Sieve in Mineral Aggregates by Washing.

AASHTO T 30, Mechanical Analysis of Extracted Aggregate, is used
when performing gradation analysis on aggregates extracted from an
HMA mixture.
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