Course: Concrete Technology

Lecture 3: Aggregates: Classification and
Properties

Mauricio Javier Ledn Tejada



Session Objectives

. [0 Analyze physical, chemical, and mechanical properties of
aggregates

§ [ Understand influence on:

B * Fresh concrete behavior (workability)

| * Hardened concrete (strength, durability, density)

|0 Review standards and laboratory testing methods:
g | * Gradation, specific gravity, absorption, abrasion, fines
0 Develop practical skills:

il * Proper execution of tests (ASTM)




Content

. [ Introduction to quarry operations:

* Extraction principles

U= * Site selection criteria (technical, economic, environmental)
8 [0 Study of aggregate properties:

* Mechanical: strength, hardness, abrasion

* Physical: density, absorption, shape, texture

| * Chemical: reactivity, durability

[ Quality assurance & control:

| * Laboratory testing importance

* Key parameters linked to concrete performance




E Aggregate Classification




Aggregate Classification

* Multiple classification criteria exist
* Focus on three main criteria:
* Origin
'
%)
* Particle size (gradation) ¥
g
{

* Density (specific gravity) <

Source: Author’s own elaboration



Importance

* Aggregates = 60—75% of concrete

e Control:

* Strength, durability

® Air=1%to 3% ™ Cement = 7% to 15% =™ Water = 15% to 22% = Aggregate = 60% to 75%

* Workability, density

Source: Author’s own elaboration

* Key for mix design



Origin Types

Metamorphic

lgneous

Sedimentary

*lgneous: strong, durable
* Sedimentary: lower strength

* Metamorphic: altered, improved
properties

Source: Reproduced from Andrei (2024)



Rock Cycle
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Artificial Aggregates

* From industrial processes

* Examples: slag, expanded clay, recycled
concrete

* Benefits: ) (b ©

Source: Reproduced from Tataranni & Sangiorgi (2019)

* Sustainability

* Reduced environmental impact



Size Classification

* Fine fraction (< No. 200)

* Fine aggregate (sand)

e Coarse aggregate (gravel, stone)

B 5o KA Y e
(a) Fine aggregate (Sand) (b) Coarse aggregate (Gravel)

Source: Reproduced from Shukur et al. (2023)



Sieve Analysis

* Determines gradation curve
* Ensures:

* Workability

* Cohesion

e Simplifies quality control
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Coarse Aggregate Gradation

* Multiple grading bands (e.g., No. 57)
* Controls:

* Compaction

* Void reduction

* Cement demand

—
\\‘\
»,
\
|
\
A
v\
AL
\
L
\ r\ 0
A I - 9
k E
W\ [ LIMIT FOR ASTM o€
\ \ ]
W\ [\ #57 STONE H
e A 0 2
\ /] g
Y \‘ [N
\\
3 \/
3 Ay
RN
L5 \ \\
\ \\
S \
3 %
NN
< \
., ~‘~~~
N i,
N ~ -~
#4 #6 #8

Source: Source: Author’s own elaboration




Gradation Curves

* Semi-log graph:

* Y: % passing

* X:size (log scale)
* Used to assess:

* Quality

* Compatibility
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Density Classification

* Lightweight (< 2.5)

* Normal (2.5-2.75)

* Heavyweight (> 2.75)

* Linked to rock origin (with exceptions)

Source: Reproduced from Taiheiyo Cement Corporation
(n.d.)



Applications

* Lightweight — insulation,
non-structural

* Normal — general concrete

Standard Concrete Wall Radiation-Shielding Concrete Wall

* Heavyweight — radiation shielding,
special uses

Source: Reproduced from The Civil Studies (2025)



Aggregate quarry




Quarry Key Factors

 Capacity (material volume)
* Production rate

* Transport distance (cost)

Source: Reproduced from Aggressive Hydraulics (2026)



Quarry Selection

* Use test pits
* Plan layout:

* Access, crushing, stockpiles

* Control gradation & fines

Source: Reproduced from Booth Ventures (2023)

e Consider:
* \Water access

* Environmental impact



1 i Aggregate properties
% 815 Physical properties




Free water between aggregate Retained water inside aggregate connected pores

Saturation States e

“ > <
® 6 S
* Air-dry
e SSD ( key for desi gn ) Saturated Saturated surface- Partially dry Completely dry
dry (air dried) (oven dried)

* Wet (surface water)

Source: Reproduced from Gentilini et al. (2015)



Specific Gravity

Void Filled
With Water

Air Void

* Mass / volume (no voids)

*ASTM C127 / C128

Void Partially
Filled With Water

* Typical: 2500-2750 kg/m?

Figure 1. Dry aggregate. Figure 2. Wet aggregate.

Source: Reproduced from Pavement Interactive (n.d.)



Bulk Density (Unit Weight)

* Weight-to-volume ratio including voids

* Depends on compaction and particle

arrangement Lower bulk density Higher bulk density

Lower weight Higher weight
) More pore space Less pore space
* Determined by ASTM C29 (loose & e "
com p d Cte d ) Source: Cropped from Afsar (2012)

* Typical range: 1500-1700 kg/m?

* Key parameter for mix design (real
field condition)



Single-sized Poorly-graded

Voids Content

* % of voids between particles
(relative property)

Absolute volume of concrete

* Depends on compaction and test
method

Well-graded
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density

e Controls paste demand and
concrete density



Absorption

Oven Dry Saturated Surface Dry Wet Surface

* Water retained in aggregate pores \ r f T f‘
* Affects water—cement ratio and “‘)7 Ny \/
durability \ \

° D et erm | ne d by A ST M C 1 2 7 / C 1 2 8 Illustrations of Oven Dry (OD) and Saturated Surface Dry (SSD) particles

Source: Reproduced from GlobalGilson (2026)

e Related to saturation condition



Porosity

* Internal voids within particles

 Normal: 1-5% | Lightweight: 15-20%

Low | Less porous limestone coarse aggregates <«——— — More porous dolostone coarse aggregates , High

porosity | 1
A) Limestone-1 B) Limestone-2 C) Limestone-3 D) Dolostone-1 E) Dolostone-2

1 porosity
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Source: Reproduced from Melugiri Shankaramurthy et al. (2025)



Moisture Content

Oven Dry Saturated Surface Dry Wet Surface

* Water in surface + pores \ T f T\}‘
» Affects effective water—-cement -~ . \/
ratio J \ \Q

° D et erm | ne d by A ST M C 5 6 6 Illustrations of Oven Dry (OD) and Saturated Surface Dry (SSD) particles
(Ove N _d ry m et h Od ) Source: Reproduced from GlobalGilson (2026)

* Requires correction in mix design



Mastering Aggregate Moisture:
The Key to Precise Concrete Mixes

Moisture Control

MOISTURE STATES State Mix Water
Below SSD Absorbs water
from the mix
At SSD Neutral (
(Baseline) No water exchange)

* Impacts strength, durability,
workability

* Excess water — weaker concrete

PRECISION IN
e MOISTURE CORRECTION
SATURATED SURFACE-DRY Total Absorbed Free
(SSD) - NEUTRAL POINT Moisture — Moisture — Moisture

* Low water — poor workability

B 21% THE 1% RULE FOR
WATER CONTROL
@ Any water content change
of 1% or more requires
a correction.

INDUSTRY VS. TECHNICAL ACCURACY

* Critical for quality control

OVER-SATURATED (WET) TECHNICAL INDUSTRY
PROCEDURES PRACTICE
Use oven-dry weights Typically uses SSD

Source: OpenAl (2026)



Shape and texture




Shape: Roundness & Sphericity

* Equidimensional particles — better packing
* Angular — better bonding, lower workability

* Rounded — better flow, lower adhesion
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Source: Reproduced from Ulusoy (2019)



Sphericity

Shape Effects

Roundness

v

* Equidimensional — fewer voids, less
paste needed

r/
* Classification: angular — rounded (by
wear)

Source: Reproduced from Mo (2020)

* Smooth/rounded — weaker bond

* Sphericity — crushing; roundness —
abrasion



Surface Texture

* Smooth vs. rough particles

* Rough — higher absorption, lower
workability

* Improves mechanical bond (interlock)

Angular/irregular shape and rough surface texture of the RCA

Source: Reproduced from Singh et al. (2018)

* Requires water control



Specific Surface

Entire
Volume i

Lowest
Porosity —

Highest
Porosity

Lowest
Porosity 90 ym Porosity

Source: Reproduced from Hussaini & Dvorkin (2021)



Chemical properties




Epitaxy

e Favorable reaction in calcareous
aggregates

* Improves bond over time

* Enhances strength and durability

Source: Neptunerover. (n.d.)



* Reactive silica + alkalis — expansive gel
 Causes cracking and deterioration

* Affects siliceous & volcanic rocks

* Evaluated by ASTM C289, C227, C586, C295

* Must be controlled for durability

Source: Reproduced from Lima da Costa, F. (2016)



Mechanical properties




Aggregate crushing failure

Strength

* Coarse aggregate controls concrete
strength

* Failure modes: aggregate, paste, or ITZ

* Aggregate must be stronger than [TZ failure (Bond-sip failure)
h a rd en ed pa Ste Failure modes during uniaxial compression tests. Adapted from Zhou et al.(2025)

* Critical for durability and performance



Toughness

* Ability to resist impact and dynamic
loads

* Depends on origin and internal
structure

* Low toughness — particle breakage,

. Source: Impact Testing Machine For Aggregate. Adapdted from Civiconcepts. (2024)
poor gradation

 Measured by impact test (BS 812)
ASTM D5874



Hardness S—

)

Steel cylinder

Sheilf
Axis of rotation

(inside dia

* Resistance to abrasion, impact, Cover plate
polishing

Abrasive charge and
aggregate

A5 2 Support

B
"

* Key in pavements and hydraulic works

* Measured by Los Angeles test (ASTM
C131/C535)

Source: LA abrasion testing machine. Adapdted from CementConcrete. (2024)

* Acceptable wear: < 50%



Adhesion

[ 1 Matrx

* Bond between aggregate and paste mmE Aggregates
(1TZ)

Interfacal
Transition Zone

 Mechanisms: friction, interlock,
hydration

¢ H |gh e r a d h ESIO n —> bEtte r St re ngth Source: Reproduced from Grondin, F., Mounajed, G., Hamida, A., & Dumontet, H. (2003)
(tension/flexure)

* Depends on size, shape, texture,
stiffness



Thermal properties
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Conclusmns

EI Aggregates are the main component of concrete (60-75%) and their
properties strongly influence key behaviors such as strength,
durability, workability, and density.

| They are classified by origin, size (gradation), and density, with their
w geological formation and quarrying processes playing a key role in
material selection and performance.

# f"- ] Their properties include physical, morphological, chemical,
| mechanical, and thermal characteristics, all of which affect concrete
behavior and require evaluation through standardized tests.

Proper quality control, moisture management, and prevention of
' harmful reactions (e.g., ASR) are essential to ensure durable,
high-performance concrete.
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