Lecture No. 09

Subject:  Characteristics and

                Tests of Aggregates
Objectives of Lecture:

· To explain the following properties of aggregates  
(i) Particle shape and surface texture

(ii) Unit weight and voids

(iii) Specific gravity

(iv) Absorption and surface moisture

(v) Strength of aggregates

(vi) Durability of aggregates

Particle Shape and Surface Texture

· The classification of aggregate shapes is shown in the following Fig.

· The particle shape and surface texture of an aggregate have influence on the paste requirement and therefore very significantly affect the workability of fresh concrete

· Importance of shape for workability is due to its effect on the voids between aggregate particles and the importance of surface texture for workability is due to its effect on friction between the particles
· Rough-textured, angular, elongated particles require more paste than the smooth, rounded, compact aggregates for the same workability because of more voids and more friction in the first case
· Shape and surface texture also influence the bond between cement paste and aggregate. The bond increases as particles change from “smooth and rounded” to “rough and angular”
· For both fine aggregate and coarse aggregate the percentage of flat and elongated aggregate particles should not exceed 15 % by weight of the total aggregate
Unit Weight and Voids

Unit weight, also called as the “bulk density”, is defined as the weight per unit volume (i.e., volume of solids + volume of voids between the particles) of graded aggregate

The unit weights of both fine and coarse normal-weight aggregates falling within the ASTM grading limits are generally in the range 1450 to 1750 kg/m3 (90 to 110 lb/ft3). 

A plot of the unit weight of the mixture of FA and CA vs. % FA is shown below, which indicates that the unit weight of the mixture of FA and CA is maximum when the fine aggregate content is 35 to 40 % of the weight of total aggregate
Reason:  The void contents ranges from about 35 to 40 % for coarse aggregates

· The void contents ranges from about 40 to 50 % for fine aggregates
Specific Gravity
· The specific gravity also called as “relative density” of an aggregate is the ratio of its weight to the weight of an equal volume of water (water displaced on immersion)

· Depending on whether the pores are included in the measurements, we express the specific gravity in two ways:

(i) Absolute specific gravity (ASG), and

(ii) Bulk specific gravity (BSG), as given below

· The BSG volume is the realistic one to use since the effective volume that aggregate occupies in concrete includes its internal pores

· Most natural aggregates have specific gravities between 2.4 and 2.9. BSG value is used in certain computations for mixture proportioning and control
Absorption and Surface Moisture

· Due to porosity of aggregates water can be absorbed into the body of particles (Absorption), and also water can be retained on the surface of the particle as a film of moisture (Surface Moisture)

· Absorption and surface moisture both affect the w/c ratio of the concrete significantly. The absorption reduces the w/c ratio whereas surface moisture increases the w/c ratio

· Moisture states of aggregates are shown in the following Fig. 

· Out of the above four states, only two, the OD and SSD states, corresponds to the specific moisture contents

· The SSD condition is the better choice as reference state, for the following reasons

· However, a major disadvantage of using the SSD is that it is not easy to obtain a true SSD condition and therefore many people prefer to use OD state as a reference point

· The expressions for calculating the absorption capacity (AC), effective absorption (EA), surface moisture (SM), and moisture contents are as follows

· “Bulking” is the increase in total volume of moist fine aggregate over the same weight dry

Reason: Surface tension in the moisture holds the particles apart, causing an increase in volume, as shown in the following Fig.

· As shown in the above graph, the amount of bulking of FA depends on the moisture content and grading. At a same moisture content finer grading has more bulking tan coarser grading

· Due to bulking the FA should not be batched by volume unless correction for the bulking is made

Strength of Aggregates

· Aggregate tensile strengths range from 300 to 2300 psi and compressive strengths from 10,000 to 40,000 psi

· The strength of an aggregate is rarely tested and generally does not influence the strength of normal-strength concrete as much as paste strength and paste-aggregate bond

· However, aggregate strength does become important in high-strength concrete 

Durability of Aggregates

Following properties of the aggregates should be covered from the durability perspectives:

· Resistance to Freezing and Thawing

· Resistance to Wetting and Drying

· Resistance to Abrasion and Skid

· Resistance to Acids and other Corrosive Substances

· Resistance to Fire and Thermal expansion

· Harmful materials (silt, clay, shale, iron oxide, etc.)

· Alkali Reactivity (reaction between silica or carbonates in aggregate and alkali, Na2O and K2O, in cement)
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