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AGGREGATES
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2
 Inert materials mixed with a binding material (cement, lime, mud) for preparation of mortar or concrete.
 Depending on the particle size, aggregates are classified as◦ Fine aggregates. 0.15 mm to
 4.75 mm. sand, crushed stone, ash, cinder, surkhi.
 ◦ Coarse aggregates. 4.75 mm to 7.5 cm.
 ◦ Cyclopean aggregates. 7.5 cm to 15 cm
 Aggregates
 04/13/2023CE-308 Plain & Reinforced Concrete-1
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3
 Depending upon their nature aggregates may classified as:-◦ Natural Aggregates.
 Crushed Aggregates Weathered materials.
 ◦ Artificial Aggregates. Light weight
 aggregates. High density
 Aggregates.
 Aggregates
 04/13/2023 CE-308 Plain & Reinforced Concrete-1
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4
 Normal Aggregates Most natural mineral aggregates, such as sand and gravel, have a bulk density of 1520 to 1680 kg/m3 (95 to 100 lb/ft3) and produce normal-weight concrete with approximately 2400 kg/m3 (150 lb/ft3) unit weight.
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Aggregates
 Pebbles, Shingle
 Stone Ballast
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5
 Lightweight Aggregate Aggregates that weigh
 less than 1120 kg/m3 (70 lb/ft3) are generally considered lightweight, and find application in the production of various types of lightweight concretes. eg pumice, scoria and expanded clay etc
 04/13/2023 CE-308 Plain & Reinforced Concrete-1
 Pumic
 Expanded clay expanded shale
 Aggregates
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6
 Heavyweight Aggregate Compared to normal-
 weight aggregate concrete with a typical unit weight of 2400 kg/m3 (150 lb/ft3), heavy-weight concretes weigh from 2900 to 6100 kg/m3 (180 to 380 lb/ft3), and are primarily used for making nuclear radiation shields.
 Witherite BaCO3 (2320) Barite BaSO4 (2560) Magnetite Fe3O4 (2720) Hematite Fe2O3 (3040)
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Aggregates
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704/13/2023
 CE-308 Plain & Reinforced Concrete-1
 Aggregates for concreteDiagram illustrating how microstructure, prior exposure, and processing factors determine aggregate characteristics that affect mix proportions and properties of fresh as well as hardenedconcrete.
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8
 Characteristics dependent on porosity: density, moisture absorption, strength, hardness, elastic modulus, and soundness
 Characteristics dependent on prior exposure and processing factors: particle size, shape, and texture
 Characteristics dependent on chemical and mineralogical composition: strength, hardness, elastic modulus, and deleterious substances present
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Charactristics of Aggregates
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9
 Apparent specific gravity, Defined as the density of the material including the
 internal pores. Typical values for granite, sandstone, and dense limestone are 2.69, 2.65, and 2.60, respectively.
 Bulk density Defined as the mass of the aggregate fragments that
 would fill a unit volume. Bulk density of aggregates commonly used in normal-weight concrete ranges from 1300 to 1750 kg/m3 (80 to 110 lb/ft3).
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Specific Gravity
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1004/13/2023
 CE-308 Plain & Reinforced Concrete-1
 Absorption and surface moisture States of moisture Absorption
 Absorption capacity is defined as the total amount of moisture required to bring an aggregate from the oven-dry to the SSD
 condition. Effective absorption is defined as the amount of moisture required to
 bring an aggregate from the air-dry to the SSD condition.
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1104/13/2023
 CE-308 Plain & Reinforced Concrete-1
 Water Absorption in Fine Aggregate
 Bulking of Sand Damp sands may suffer from a phenomenon known as bulking. Depending on the amount of moisture and aggregate grading, a considerable increase in the bulk volume of the sand can occur.
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1204/13/2023
 CE-308 Plain & Reinforced Concrete-1
 Strength of Aggregates
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13
 An aggregate is considered unsound when the volume changes in aggregate induced by weather (e.g., alternate cycles of wetting and drying, or freezing and thawing), result in the deterioration of concrete.
 Concretes containing some cherts, shales, limestones, and sandstones have been found susceptible to damage by frost action or by salt crystallization within the aggregate particle.
 A pore size distribution that allows the aggregate particles to get saturated on wetting (or thawing in the case of frost attack), but prevent easy drainage on drying (or freezing) is capable of causing high hydraulic pressure within the aggregate particles.
 There is a critical aggregate size below which high internal stresses capable of cracking the particle will not occur. For some poorly consolidated rocks (sandstones, limestones, cherts, shales), this size may be in the 12 to 25 mm range.
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Soundness
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14
 Grading is the distribution of particles of a granular material among various size ranges, usually expressed in terms of cumulative percentage larger or smaller than each of a series of sizes of sieve openings.
 The maximum size of aggregate is conventionally designated by the sieve size on which 15 percent or more particles are retained.
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Size and Grading of Aggregates
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15
 Larger the maximum aggregate size, the smaller will be the surface area per unit volume.
 Maximum aggregate size should not be larger than one-fifth of the narrowest dimension of the form.
 Should not be larger than three-fourths of the maximum clear distance between the reinforcing bars.
 Large particles tend to produce more microcracks in the interfacial transition zone between the coarse aggregate and cement paste.
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Maximum Size
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16
 The level of liquid in the graduates, representing voids, is constant for equal absolute volumes of aggregates of uniform but different size. When different sizes are combined, the void-content decreases. Thus assortment of sizes improves bulk density.
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Aggregate Gradation
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17
 Low void contents are achieved by using smoothly graded coarse aggregates with suitable proportions of graded sand
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Gradation of Aggregates
 Percentage of sand
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18
 With constant cement content and constant consistency, there is an optimum for every combination of aggregates that will produce the most effective water to cement ratio and highest strength.
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Combined Grading
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19
 Sieve size Percent passing 37.5 mm (1-1/2 in.) 100 25.0 mm (1 in.) 95 to 100 12.5 mm (1/2 in.) 25 to 60 4.75 mm (No. 4) 0 to 10 2.36 mm (No. 8) 0 to 5
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Grading Limits
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2004/13/2023
 CE-308 Plain & Reinforced Concrete-1
 Grading Requirements for Fine AggregatesSieve (specification E 11) Percent passing9.5 mm (3/8 in.) 1004.75-mm (No. 4) 95–1002.36-mm (No. 8) 80–1001.18-mm (No. 16) 50–85600-μm (No. 30) 25–60300-μm (No. 50) 10–30150-μm (No. 100) 2–10In practice, an empirical factor called the fineness modulus
 is often used as an index of the fineness of aggregate.
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2104/13/2023
 CE-308 Plain & Reinforced Concrete-1
 Fineness Modulus Sieve size Total % retained 3/8 0 4.75 mm (No. 4) 2 2.36 mm (No. 8) 15 1.18 mm (No. 16) 35 600 μm (No. 30) 55 300 μm (No. 50) 79 150 μm (No. 100) 97 Sum 283 Fineness modulus = 283/100 = 2.83
 Somewhat smaller variations in fine aggregate grading can affect the concrete workability due to the higher surface area. For this reason, ASTM C 33 states that, for continuing shipments from a given source, the fineness modulus of fine aggregate should not vary by more than 0.20 from the value that is typical of the source
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22
 Affects the workability of the plastic concrete. The more rounded an aggregate the lower the inter particle friction, the smaller the surface/unit volume and therefore less water is required for a given workability
 04/13/2023CE-308 Plain & Reinforced Concrete-1
 Particle Shape
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2304/13/2023
 CE-308 Plain & Reinforced Concrete-1
 Smother particles tend to produce a more workable concrete. The bond strength is, however likely to be higher with rough textured materials. The particles can be Glassy, smooth, granular, rough, crystalline or honeycombed.
 Surface Texture
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2404/13/2023
 CE-308 Plain & Reinforced Concrete-1
 Deleterious substances
 Those substances that are present as minor constituents of either fine or coarse aggregate but are capable of adversely affecting the workability, setting and hardening, and durability characteristics of concrete.
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2504/13/2023 CE-308 Plain & Reinforced Concrete-1
 Deleterious Materials
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