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Certificate in Asphalt Material Testing

Aggregate Selection and Grading

Aggregate Selection is the process of choosing the appropriate rock, mineral, or recycled material that will
serve as the backbone of an asphalt mixture. The selected material must meet a series of performance
criteria, including strength, durability, shape, and texture, to ensure that the final pavement can resist traffic
loads, environmental conditions, and aging. In the context of a Certificate in Asphalt Material Testing,
understanding the terminology associated with aggregate selection is essential for interpreting test results,
designing mixes, and troubleshooting field problems.

Aggregate refers to naturally occurring or manufactured particles of rock, sand, or crushed stone that are
used in pavement construction. Aggregates are classified by size, ranging from coarse (typically larger than
4.75Mm) to fine (smaller than 4.75Mm). The term also encompasses recycled materials such as reclaimed
asphalt pavement (RAP) and crushed concrete, which are increasingly incorporated for sustainability
reasons.

Gradation (or grading) describes the distribution of particle sizes within an aggregate sample. A well-graded
aggregate contains a range of sizes that fill the voids between larger particles, leading to a dense and stable
mixture. Gradation is quantified through a sieve analysis, which involves passing the aggregate through a
series of sieves with decreasing openings and weighing the material retained on each sieve.

Sieve Analysis is the laboratory procedure used to determine the particle-size distribution of an aggregate.
The sample is placed on a stack of sieves, shaken for a prescribed time, and the mass retained on each sieve
is recorded. The results are plotted as a gradation curve, which is a graphical representation of the
cumulative percent passing versus sieve size. This curve serves as the primary tool for evaluating whether an
aggregate meets the specified gradation limits for a particular mix design.

Nominal Maximum Size (NMS) is the largest sieve opening through which the aggregate is allowed to pass
in a given mix design. For example, a 19-mm NMS indicates that the coarse aggregate particles may be up
to 19 mm in size. Selecting the appropriate NMS influences workability, compaction, and the final structural
capacity of the pavement.

Effective Size (De) is the size at which 10 % of the total sample mass passes. It provides a measure of the
coarsest particles that actually contribute to the structural framework of the mix. Effective size is an
important parameter for predicting the void content and designing the binder content.

Particle Shape characterizes the geometric form of aggregate particles. Common descriptors include
angular, sub-angular, rounded, and flaky. Angular particles interlock more effectively, providing higher shear
strength, while rounded particles improve workability but may reduce interlock. Shape is typically assessed
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visually or with image analysis equipment.

Texture refers to the surface roughness of aggregate particles. A high-texture aggregate exhibits a rough,
pitted surface that promotes better mechanical interlock and adhesion with the asphalt binder. Texture can
be measured using a profilometer or by a tactile test such as the “hand-rub” method, where a smooth
aggregate feels noticeably slick.

Angularity is a specific component of shape that describes the sharpness of particle edges. Highly angular
aggregates contribute to higher resistance against deformation under traffic loads. Angularity is often
quantified using the Los Angeles (LA) abrasion test, where a higher LA value indicates a more angular and
less durable aggregate.

Flatness and Elongation describe the dimensions of particles relative to each other. Flat particles have a
large length-to-thickness ratio, while elongated particles have a large length-to-width ratio. Both
characteristics can negatively affect compaction and lead to increased voids if present in excessive amounts.
Specifications typically limit the percentage of particles exceeding defined flatness or elongation ratios.

Specific Gravity is the ratio of the density of the aggregate to the density of water at a given temperature.
Two related measures are used in asphalt testing: Bulk Specific Gravity (Gmb) and Apparent Specific Gravity
(Gma). Bulk specific gravity includes the volume of the pores filled with air, while apparent specific gravity
excludes the volume of the pores that are filled with water. These values are essential for calculating the
absorption of the aggregate and the binder content of the mix.

Absorption is the amount of water a dry aggregate can absorb, expressed as a percentage of its dry mass. It
is determined by soaking the aggregate in water, allowing it to reach saturation, and then measuring the
mass gain. High absorption can indicate a porous aggregate that may require additional binder or a
different mix design to avoid moisture susceptibility.

Voids in Mineral Aggregate (VMA) is the volume of inter-particle voids in the compacted mixture that can
be filled with asphalt binder and air. VMA is calculated from the bulk specific gravity of the compacted mix
and the apparent specific gravity of the aggregate. Adequate VMA ensures that enough binder is available
to coat the aggregate and fill the voids, which is critical for durability.

Voids Filled with Asphalt (VFA) represents the proportion of the VMA that is occupied by the binder. It is
calculated by subtracting the air voids from the VMA and expressing the result as a percentage of VMA.
Typical VFA values range between 65 % and 75 % for dense-graded mixes, providing a balance between
stiffness and flexibility.

Air Voids (Va) are the voids in the compacted mixture that are not filled with binder. Excessive air voids can
lead to premature oxidation of the binder, reduced fatigue life, and increased susceptibility to moisture
damage. Conversely, too low an air-void content can cause bleeding and loss of skid resistance.
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Grading Limits are the prescribed ranges of percent passing for each sieve size that an aggregate must
meet to be considered suitable for a particular mix. These limits are defined in specifications such as the
AASHTO or EN standards and are designed to ensure that the mixture meets performance criteria such as
stability, workability, and durability.

Dense-Graded Mix is a type of asphalt mixture in which the aggregate gradation is designed to produce a
relatively low air-void content (typically 3-5%). Dense-graded mixes provide high load-bearing capacity and
are commonly used for surface courses on high-traffic highways.

Open-Graded Mix features a gradation that intentionally leaves a higher percentage of voids (often
10-15%). This design promotes drainage, reduces water spray, and improves skid resistance, making
open-graded mixes suitable for porous asphalt applications.

Stone Matrix Asphalt (SMA) is a specialized dense-graded mixture that incorporates a high proportion of
coarse, angular aggregate coated with a rich binder film. The stone matrix provides a strong interlock, while
the binder film offers flexibility. SMA is often used for surface layers where durability and resistance to
rutting are critical.

Mineral Filler (also called filler) consists of very fine particles that pass the 0.075Mm sieve. Fillers fill the
smallest voids between finer aggregate particles and contribute to the overall stiffness of the mixture.
Common filler materials include limestone dust, fly ash, and mineral powders.

Los Angeles Abrasion Test measures the resistance of an aggregate to crushing and abrasion. A sample of
aggregate is placed in a rotating drum with steel balls, and the amount of material that is reduced to a size
smaller than the original grading is weighed. The LA value is expressed as a percentage of the original mass;
lower values indicate a more durable aggregate. Typical limits for pavement aggregates are LA <30 % for
coarse aggregates.

Aggregate Crushing Value (ACV) is another durability test that evaluates the resistance of an aggregate to
crushing under a standardized load. The test involves placing a sample in a cylindrical mold, applying a
load, and then measuring the percentage of fines generated. Lower ACV values indicate stronger
aggregates. Specifications often require ACV <30 % for base and sub-base materials.

Impact Value assesses the impact resistance of an aggregate by dropping a weight onto the sample and
measuring the resulting fines. It is particularly useful for aggregates that will be subjected to high-speed
traffic, where impact forces are significant. The impact value is expressed as a percentage; lower
percentages denote better impact resistance.

Moisture Content of the aggregate is the amount of water present in the material at the time of mixing.
Moisture influences the effective binder content because water can displace binder from the aggregate
surface, leading to reduced adhesion and increased susceptibility to stripping. Moisture content is
measured by oven drying a representative sample.
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Moisture Susceptibility refers to the tendency of an asphalt mixture to lose strength when exposed to water.
The Moisture Susceptibility Test (often the Tensile Strength Ratio, TSR) compares the strength of specimens
that have been conditioned in water versus those kept dry. A TSR > 80 % is generally required for
satisfactory performance.

"non

Moisture Condition of the aggregate can be described as “dry,” “wet,” or “saturated surface-dry” (SSD). The
SSD condition is reached when the pores are filled with water, but the surface of the aggregate remains free
of standing water. SSD is the standard condition for many tests because it simulates the worst-case field
scenario.

Aggregate Gradation Bands are categories used to describe the shape of a gradation curve. Common bands
include “fine-graded,” “coarse-graded,” “uniform,” and “gap-graded.” A fine-graded aggregate has a higher
proportion of fine particles, while a coarse-graded aggregate contains more coarse particles. Gap-graded
mixes intentionally omit certain size ranges to create a more porous structure.

"o

Gap-Graded Mix is a design that excludes intermediate particle sizes, resulting in a mixture with larger voids
and a higher binder content. Gap-graded mixes are often employed for stone-matrix asphalt or other
specialized applications where a strong stone skeleton and high binder film are desired.

Marshall Mix Design is a traditional method for determining the optimum binder content of a dense-graded
asphalt mixture. The test involves preparing a series of compacted specimens at varying binder percentages,
measuring the stability and flow, and selecting the binder content that yields the target air-void level and
satisfactory stability. Though newer methods such as the Superpave system are increasingly used, the
Marshall method remains a foundational concept in many certification programs.

Superpave Mix Design (Superior Performing Asphalt Pavement) is a performance-based approach that uses
a suite of laboratory tests to predict how an asphalt mixture will perform under traffic loading and
temperature variations. The Superpave framework incorporates the Aggregate Grading Test, the VMA and
VFA calculations, and the Dynamic Modulus Test to select an appropriate binder grade and aggregate
gradation.

Dynamic Modulus (|E*|) is a measure of the stiffness of an asphalt mixture under cyclic loading. It is
obtained from a dynamic mechanical analyzer and expressed as a function of temperature, loading
frequency, and stress level. The dynamic modulus is a critical input for mechanistic-empirical pavement
design methods.

Rutting Resistance is the ability of an asphalt mixture to resist permanent deformation under repeated
traffic loads. Laboratory evaluation often uses the Wheel Tracking Test, where a loaded wheel rolls over a
compacted specimen at a controlled temperature and speed. The depth of rutting after a defined number
of passes is used to assess performance.

Fatigue Resistance measures the capacity of an asphalt mixture to withstand repeated flexural stresses
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without cracking. The Four-Point Bending Test is commonly employed, where a beam specimen is subjected
to cyclic loading until failure. The number of cycles to failure at a given stress level provides an indication of
fatigue life.

Thermal Cracking is the formation of cracks in an asphalt pavement due to temperature-induced
contraction, especially in cold climates. The Thermal Stress Restrained Specimen Test (TSRST) evaluates the
resistance of a mixture to low-temperature cracking by cooling a restrained specimen and recording the
temperature at which fracture occurs.

Skid Resistance is a measure of the pavement's ability to provide traction to vehicle tires. It is often
evaluated using the British Pendulum Tester (BPT) or the Sideway Force Coefficient (SFC). The presence of
adequate fine aggregate and appropriate texture are essential for maintaining high skid resistance.

Binder Content is the proportion of asphalt binder in the mixture, expressed as a percentage of the total
mixture weight. Accurate determination of binder content is crucial because insufficient binder leads to low
cohesion and cracking, while excess binder can cause bleeding, reduced stability, and increased
susceptibility to rutting.

Binder Film Thickness is the average thickness of the asphalt binder coating surrounding the aggregate
particles. It is calculated from the binder content, specific gravities, and gradation. A typical target film
thickness for dense-graded mixes ranges from 30 to 45 um. Proper film thickness ensures adequate coating
and protection of the aggregate surface.

Compaction is the process of reducing the air voids in an asphalt mixture to achieve the desired density and
mechanical properties. Compaction is achieved in the field using rollers (e.G., Steel-wheel, pneumatic-tire, or
vibratory rollers) and is monitored by measuring the density of test cores. Proper compaction is critical for
achieving the design VMA, VFA, and air-void levels.

Cold Mix refers to an asphalt mixture that is placed and compacted at ambient temperatures without the
need for heating the binder. Cold mixes typically use emulsified or cut-back binders and are employed for
temporary repairs, low-traffic roads, or in regions where hot-mix equipment is unavailable.

Hot Mix is the standard pavement mixture produced by heating the aggregate and binder to temperatures
typically between 150°C and 190 °C. The heating reduces binder viscosity, facilitating proper coating and
workability. Hot mix asphalt (HMA) is the most common type of pavement material due to its proven
performance.

Recycled Asphalt Pavement (RAP) consists of reclaimed asphalt material that has been milled or removed
from existing pavements. RAP can be incorporated into new mixes to reduce material costs and improve
sustainability. However, the aged binder in RAP may affect the overall binder properties, requiring
adjustments in the virgin binder content or use of rejuvenators.
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Reclaimed Concrete Aggregate (RCA) is produced by crushing and screening demolished concrete
structures. RCA can be used as a coarse aggregate in asphalt mixes, but its higher porosity and potential for
alkali-silica reaction must be evaluated through testing.

Binder Modification involves adding polymers, rubber, or other additives to the asphalt binder to enhance
performance characteristics such as elasticity, temperature susceptibility, and resistance to cracking.
Common modifiers include Styrene-Butadiene-Styrene (SBS), crumb rubber, and epoxy resins.

Performance Grading (PG) System classifies asphalt binders based on their performance at specific high-
and low-temperature thresholds. A binder labeled PG 64-22, for example, is expected to perform adequately
at 64 °C (high temperature) and -22 °C (low temperature). Selecting the correct PG binder for a given
climate and traffic regime is a key aspect of aggregate-binder compatibility.

Aggregate-Binder Compatibility addresses the chemical and physical interaction between the binder and
the aggregate surface. Certain aggregates, such as those rich in siliceous minerals, may be more prone to
stripping, whereas limestone aggregates often exhibit better adhesion. Compatibility can be assessed using
the Binder Absorption Test and the Surface Free Energy (SFE) method.

Surface Free Energy (SFE) is a thermodynamic approach that quantifies the adhesive and cohesive forces
between binder and aggregate. By measuring the contact angles of liquids on the aggregate surface, the
SFE components (dispersive and polar) can be calculated, allowing prediction of moisture susceptibility.

Stripping is the loss of adhesion between the binder and aggregate caused by water infiltration. Stripping
leads to reduced structural integrity and premature pavement failure. Laboratory evaluation often uses the
Boiling Water Test or the ASTM D 6370 stripping test to quantify the degree of adhesion loss.

Binder Film Uniformity describes the evenness of the binder coating across the aggregate particles.
Non-uniform film thickness can create weak spots where the binder is too thin, increasing the risk of
stripping, or too thick, leading to bleeding. Uniformity is promoted by proper mixing temperature, adequate
mixing time, and selection of aggregates with compatible shape and texture.

Fine Aggregate Content (often expressed as % passing the 0.075Mm sieve) influences the mixture's
stiffness, workability, and durability. Too high a fine content can increase the potential for bleeding, while
too low a fine content may reduce the mixture’s cohesion. The fine content is typically controlled to stay
within a specified range defined by the mix design.

Coarse Aggregate Content is the portion of the total aggregate mass that consists of particles larger than
the 4.75Mm sieve. Coarse aggregate provides the primary load-bearing skeleton of the pavement. The
proportion of coarse aggregate is adjusted in conjunction with fine aggregate and filler to achieve the
target gradation and VMA.

Aggregate Moisture Condition during mixing can be “dry,” “wet,” or "SSD.” The SSD condition is the most
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critical for durability because it represents a scenario where the aggregate pores are saturated, but the
surface is free of standing water. Mixing with SSD aggregates requires careful adjustment of binder content
to compensate for the absorbed water.

Binder Absorption is the amount of binder that is taken up by the aggregate’s pores and surface roughness.
It is measured by a standard method (ASTM D 2172) that determines the binder mass required to achieve a
saturated surface-dry condition. Accurate absorption values are essential for calculating the effective binder
content in the mix.

Effective Binder Content is the proportion of binder that remains available to coat the aggregate after
accounting for absorption. It is calculated by subtracting the binder absorbed by the aggregate from the
total binder added. This value is used to assess whether the mixture meets the required VFA and film
thickness.

Binder Drainage occurs when excess binder migrates to the surface of a compacted mixture, leading to a
loss of binder from the interior. Drainage can cause bleeding, reduced stability, and decreased fatigue life. It
is mitigated by controlling the aggregate gradation, using proper compaction techniques, and selecting
binders with appropriate viscosity.

Compaction Energy is the amount of work applied to the mixture during field compaction, expressed in
terms of the number of roller passes, roller weight, and tire pressure. Adequate compaction energy is
necessary to achieve the designed density and reduce air voids. Under-compaction leads to high air voids,
while over-compaction can cause binder expulsion.

Compaction Control involves monitoring the density of compacted pavement using non-destructive
methods such as nuclear density gauges or core extraction. These measurements are compared to the
target density to ensure compliance with specifications. Real-time compaction control may also employ
roller-mounted sensors that record temperature, pressure, and vibration.

Core Extraction is the process of taking a cylindrical sample from the finished pavement to evaluate in-situ
density, air voids, and binder content. Cores are typically 100 mm in diameter and 150 mm in length.
Laboratory testing of cores provides an accurate assessment of the field compaction quality.

Laboratory vs. Field Gradation acknowledges that the gradation measured in the lab (sieve analysis of a
sample) may differ from the gradation of the mixture as placed in the field, due to segregation, binder
coating, and compaction effects. Practitioners must consider these differences when interpreting test results
and making adjustments on site.

Segregation is the separation of aggregate particles by size during handling, transport, or placement,
leading to a non-uniform gradation in the finished pavement. Segregation can cause localized weak zones,
increased rutting, or premature cracking. Preventive measures include proper stockpile management, use of
anti-segregation devices, and careful paving techniques.

Read online: https://certificates.gsbf.co.uk/guides/5319881/aggregate- Greenwich School of Business and Finance - 04 Jul 2026
selection-and-grading



GSBF

Greenwich School of
Business and Finance

Change your life. Start from here

Anti-Segregation Devices such as vibrating screens, flow-controlled conveyors, and spreader bars are
employed to maintain the intended gradation throughout the paving process. These devices help keep the
aggregate uniformly distributed and reduce the risk of size-based separation.

Mix Consistency describes the homogeneity of the asphalt mixture, reflecting the uniform distribution of
binder, aggregate, and filler. Consistency is evaluated by visual inspection, laboratory sampling, and the Mix
Uniformity Test, which measures the variation in binder content across multiple samples taken from the
same batch.

Mix Temperature is the temperature at which the hot mix is produced, transported, and laid. Maintaining
the correct temperature range (typically within £5°C of the target) is essential for binder workability, proper
coating of aggregates, and achieving the desired compaction. Temperature deviations can lead to binder
stiffening or excessive fluidity.

Transportation Time influences the quality of the hot mix. Extended travel times can cause binder
temperature loss, leading to inadequate coating and higher air voids. To mitigate this, hot mix plants often
employ insulated trucks, reheating units, or schedule adjustments to minimize time between production
and placement.

Rejuvenator is a chemical additive used to restore the properties of aged binder in RAP. Rejuvenators
typically contain aromatic or naphthenic oils that reduce binder stiffness, improve workability, and enhance
adhesion. The dosage and effectiveness of a rejuvenator must be verified through laboratory testing.

Binder Viscosity is a measure of the resistance of the binder to flow at a given temperature. Viscosity is
measured using a viscometer (e.G., Brookfield) and expressed in centipoise (cP). High viscosity binders
provide better rutting resistance, while low viscosity binders improve workability and reduce the risk of cold
cracking.

Temperature Susceptibility refers to the degree to which a binder’s viscosity changes with temperature.
Binders with low temperature susceptibility maintain more consistent performance across a wide
temperature range. Polymer modification is a common method for reducing temperature susceptibility.

Rheology is the study of the flow and deformation behavior of the binder and the asphalt mixture.
Rheological testing includes the Dynamic Shear Rheometer (DSR) for evaluating complex modulus and
phase angle, and the Bending Beam Rheometer (BBR)Complex Modulus (|G*|) is the magnitude of the
binder’s stiffness under oscillatory shear loading, measured by the DSR. It is a function of temperature and
frequency, providing insight into the binder’s resistance to deformation. Higher complex modulus values
indicate a stiffer binder.

Phase Angle (8) represents the lag between stress and strain in the DSR test. A low phase angle (close to 0°)
indicates elastic behavior, while a high phase angle (approaching 90°) indicates viscous behavior. Binders
with a low phase angle at high temperatures are more resistant to rutting.
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Rutting Index (RI) is derived from the wheel-tracking test and quantifies the susceptibility of a mixture to
permanent deformation. The Rl is calculated by comparing the rut depth of a test specimen to a reference
mixture; a higher Rl denotes better rutting resistance.

Fatigue Index (FI) is obtained from the four-point bending test and indicates the mixture's resistance to
cracking under repeated flexural loading. The Fl is expressed as the number of cycles to failure at a specified
stress level; a higher Fl reflects better fatigue performance.

Thermal Stress Restrained Specimen Test (TSRST) evaluates low-temperature cracking potential by cooling a
restrained specimen and recording the temperature at which cracking occurs. The test provides a critical
temperature that can be compared to the expected service temperature range.

Moisture Sensitivity Index (MSI) is calculated from the tensile strength ratio (TSR) of dry and moist
conditioned specimens. An MSI value below a certain threshold (commonly 80 %) indicates acceptable
resistance to moisture-induced stripping.

Binder Content Determination in the field is commonly performed using the Hot Extraction Method (ASTM
D 2172) or the Ignition Method. The hot extraction method involves dissolving the binder in a solvent, while
the ignition method combusts the binder and measures the weight loss. Accurate field determination
ensures compliance with the mix design.

Binder Film Thickness Calculation uses the formula:
Film Thickness = (Binder Content x 1074) / (Specific Gravity of Binder x (100 — Air Voids) x (100 - VMA))

Where binder content is expressed as a percent of the total mix weight. This calculation provides a
theoretical average thickness, which must be validated through microscopic examination for critical
applications.

Microscopic Examination of a compacted sample can reveal the actual distribution of binder film and
identify areas of insufficient coating. Optical microscopy or scanning electron microscopy (SEM) may be
employed to assess coating uniformity, especially in high-performance mixes where film thickness
tolerances are tight.

Binder Loss during compaction can be quantified by measuring the weight of binder remaining on the
surface of a specimen after a prescribed number of roller passes. Excessive binder loss indicates
over-compaction or an overly stiff binder, which may necessitate adjustments to the mixing temperature or
binder grade.

Volumetric Properties of an asphalt mixture include bulk specific gravity (Gmb), apparent specific gravity
(Gma), VMA, VFA, and air voids. These properties are interrelated and must collectively satisfy the design
criteria. For example, achieving a VMA of at least 17 % while maintaining air voids between 3% and 5% is a
common requirement for dense-graded HMA.
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Bulk Specific Gravity (Gmb) is measured using the “vacuum saturation” method, where the compacted
specimen is saturated with water under vacuum, and the mass of the saturated specimen is recorded. Gmb
reflects the overall density of the mixture, including air voids.

Apparent Specific Gravity (Gma) excludes the volume of absorbed water and is determined by the
“immersion” method, where the specimen is immersed in a fluid of known density (often kerosene). Gma is
used to calculate the binder content and VMA.

Void in Mineral Aggregate (VMA) Calculation follows the equation:
VMA = (1 - (Gmb / Gma)) x 100

Where Gmb is the bulk specific gravity of the compacted mixture and Gma is the apparent specific gravity
of the aggregate. This equation underscores the importance of accurate specific gravity measurements.

Void Filled with Asphalt (VFA) Calculation uses the relationship:
VFA = ((VMA - Air Voids) / VMA) x 100

VFA quantifies the proportion of the aggregate void space that is occupied by binder, providing insight into
the mixture's durability and resistance to stripping.

Air Voids (Va) Calculation is expressed as:
Va = (1 - (Gmb / Gmm)) x 100

Where Gmm is the mixture’s theoretical maximum specific gravity (often approximated by the aggregate’s
specific gravity). Maintaining the target air-void range is essential for long-term performance.

Aggregate Crushing Value (ACV) Test Procedure involves filling a cylindrical mold with a known mass of
aggregate, applying a compressive load of 40kN for 10seconds, and then sieving the crushed material
through a 2.36 Mm sieve. The percentage of fines generated is reported as the ACV. Lower ACV values

denote stronger aggregates suitable for high-traffic applications.

Los Angeles (LA) Abrasion Test Procedure requires placing a sample of coarse aggregate (typically 10kg) in
a rotating drum with a set number of steel balls (e.G., 30 Balls). The drum rotates for 500 revolutions, after
which the material is sieved, and the mass of material passing the 2.36 Mm sieve is weighed. The LA value is
calculated as (mass of fines / initial mass) x 100. This test simulates the wear and impact forces experienced
by aggregates in service.

Aggregate Impact Value (AlV) Test Procedure consists of placing a 10kg aggregate sample in a cylindrical
mold, dropping a 5kg hammer from a height of 0.5 M onto the sample, and then sieving the resulting
material. The percentage passing the 2.36 Mm sieve is reported as the impact value. A lower impact value
indicates better resistance to dynamic loading.
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Moisture Susceptibility (TSR) Test Procedure involves preparing two sets of compacted specimens: One set
is conditioned in a water bath at 60 °C for 24 hours, while the other set remains dry. Both sets are then
tested for tensile strength using the indirect tensile test. The tensile strength ratio (TSR) is calculated as (wet
strength / dry strength) x 100. A TSR of >80 % is generally acceptable.

Boiling Water Test is a rapid field method for assessing stripping potential. A compacted specimen is
immersed in boiling water for 30 minutes, cooled, and then examined for signs of binder loss. The test is
qualitative but provides a quick indication of moisture sensitivity.

Surface Free Energy (SFE) Measurement uses contact angle goniometry to determine the wetting behavior
of liquids on the aggregate surface. By measuring the contact angles of a polar liquid (e.G., Water) and a
non-polar liquid (e.G., Diiodomethane), the dispersive and polar components of the SFE can be calculated.
These components are then used to predict the work of adhesion between binder and aggregate.

Work of Adhesion (Wa) is derived from the SFE values of the binder and aggregate and indicates the energy
required to separate the binder-aggregate interface. A higher Wa suggests better adhesion and lower
stripping risk.

Binder Absorption Test (ASTM D 2172) involves placing a known mass of aggregate in a container, adding a
measured amount of binder, mixing until a saturated surface-dry condition is achieved, and then weighing
the resulting sample. The absorption is expressed as a percentage of the binder mass that is taken up by the
aggregate.

Binder Content Adjustment for SSD Condition requires reducing the nominal binder content by the
absorption value to compensate for the water within the aggregate pores. The corrected binder content
ensures that the effective binder available for coating remains within the design limits.

Compaction Energy Calculation can be expressed as:
Compaction Energy = (Roller Weight x Number of Passes x Tire Pressure) / (Area Compacted)

This metric allows engineers to compare the effectiveness of different compaction strategies and
equipment.

Compaction Quality Index (CQl) is a field metric that combines density measurements, temperature data,
and compaction energy to provide an overall assessment of compaction performance. CQl values are often
used to trigger corrective actions during paving.

Rolling Schedule outlines the sequence and timing of roller passes (e.G., Initial static passes, followed by
vibrating passes, and finishing with pneumatic-tire passes). The schedule is designed to achieve optimal
density while minimizing binder drainage.

Temperature Monitoring during paving is performed using infrared thermometers, embedded sensors, or
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surface probes. Maintaining the mix temperature within +5°C of the target ensures proper binder viscosity
and workability.

Mix Design Optimization involves iterative adjustments to the aggregate gradation, binder content, and
filler proportion to meet target volumetric properties while satisfying performance criteria such as rutting
resistance, fatigue life, and low-temperature cracking. Software tools (e.G., Mix Design Pro, AsphaltMix)
facilitate this optimization by integrating test data and predictive models.

Performance-Based Specification shifts the focus from prescriptive limits (e.G., Exact percent passing) to
performance outcomes (e.G., Acceptable rut depth, fatigue life). This approach allows greater flexibility in
material selection, encouraging the use of alternative aggregates and recycled materials while still meeting
durability requirements.

Environmental Considerations in aggregate selection include the carbon footprint of quarrying,
transportation distance, and the potential for using recycled materials. Life-cycle assessment (LCA) tools can
quantify the environmental impact of different aggregate choices, supporting sustainable pavement design.

Challenges in Aggregate Selection often arise from variability in natural stone properties, inconsistent
quarry output, and logistical constraints. Common challenges include:

« Variability in absorption leading to unpredictable binder requirements. « Presence of deleterious minerals
(e.G., Pyrite) that can cause oxidation and weakening. « High flatness or elongation ratios that hinder
compaction and increase voids. « Inadequate texture or insufficient angularity, reducing interlock and
increasing rutting risk. « Moisture sensitivity of siliceous aggregates, necessitating the use of anti-stripping
agents or polymer-modified binders.

Addressing these challenges requires thorough testing, close communication with suppliers, and, when
necessary, the implementation of corrective measures such as blend adjustments, use of stabilizers, or
adoption of alternative materials.

Practical Example — Designing a Dense-Graded Mix:

1. **Select Aggregate**: Choose a crushed limestone with LA <25% and ACV < 28 %. Verify that the specific
gravity is 2.70 And absorption is 1.5%. 2. **Determine Gradation**: Perform a sieve analysis and adjust the
blend to meet the following limits (example for 19-mm NMS): 4 % Passing 19 mm, 12 % passing 9.5Mm,
30% passing 4.75Mm, 45 % passing 2.36 Mm, 55 % passing 0.6 Mm, 70 % passing 0.3 Mm, 85 % passing
0.075Mm. 3. **Calculate VMA**: Using Gmb = 2.

Read online: https://certificates.gsbf.co.uk/guides/5319881/aggregate- Greenwich School of Business and Finance - 04 Jul 2026
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