Lecture No. 08

Subject:  Characteristics and

                Tests of Aggregates
Objectives of Lecture:

· To explain the fineness modulus of aggregate  
· To explain the fine-aggregate and coarse-aggregate grading, and also the gap-graded aggregates

Fineness Modulus (FM)

· The fineness modulus (FM) of either fine or coarse aggregate according to ASTM C 125 is obtained by adding the cumulative percentages by weight retained on each of a specified series of sieves and dividing the sum by 100.

· The specified sieves for determining FM are: No. 100, No. 50, No. 30, No. 16, No. 8, No. 4, ⅜ in., ¾ in., 1½ in., 3 in., and 6 in.

· An example of determining the FM of a fine aggregate with an assumed sieve analysis, as follows:
· FM is an index of the fineness of an aggregate – the higher the FM, the coarser the aggregate

· Different aggregate grading may have the same 

· FM of fine aggregate is useful in estimating proportions of fine and coarse aggregate (FA/CA ratio) in concrete mixtures

Fine-Aggregate Grading

· Fine-aggregate grading depends on the type of work, the richness of mix, and the maximum size of coarse aggregate

· Fine-aggregate grading within the limits of ASTM C 33 is generally satisfactory for most concretes. The ASTM C 33 limits with respect to sieve size are as follows:

· The fine aggregate must not have more than 45% retained between any two consecutive standard sieves

· The FM of fine aggregate must be not less than 2.3 nor more than 3.1, nor vary more than 0.2 from the typical value of the aggregate source

· The amounts of fine aggregate passing the No. 50 and No. 100 sieves affect workability, surface texture and bleeding of concrete 

· For hand-finished concrete floors or where a smooth surface texture is desired, fine aggregate with at least 15% passing the No. 50 sieve and 3% or more passing the No. 100 sieve should be used

Coarse-Aggregate Grading

· The coarse aggregate grading requirements of ASTM C 33 permit a wide range in grading and a variety of grading sizes, as shown in Table 4-3
· Mixture proportions should be changed to produce workable concrete if wide variations occur in the coarse-aggregate grading

· The maximum size of coarse aggregate used in concrete has a bearing on economy. Usually more water and cement is required for small-size aggregates than for large sizes

· The water and cement required for a slump of approximately 3 in. and w/c ratio = 0.54 by wt. is shown in Fig. 4-6

· Fig. 4-6 shows that, for a given w/c ratio, the amount of cement required decreases as the maximum size of coarse aggregate increases

· In some instances, at the same w/c ratio, the concrete with the smaller maximum-size aggregate has higher compressive strength

· The maximum size of coarse aggregate that can be used generally depends on the size and shape of the concrete member and the amount and distribution of reinforcing steel
· The maximum size of aggregate particles generally should not exceed the following:

· One-fifth the narrowest dimension of a concrete member

· Three-fourths the clear spacing between reinforcing bars

· One-third the depth of slabs

Gap-Graded Aggregates

· In gap-graded aggregates certain particle sizes are omitted

· Gap-graded mixes are used to obtain uniform textures in exposed-aggregate concrete

· For cast-in-place concrete, typical gap-graded aggregates consist of only one size of coarse aggregate with all the particles of fine aggregate able to pass through the voids in the compacted coarse aggregate

· For an aggregate of ¾ in. maximum size, the No. 4 to ⅜ in. particles can be omitted without making the concrete unduly harsh or subject to segregation

· In the case of 1½ in. aggregate, usually the No. 4 to ¾ in. sizes are omitted

· Care must be taken in choosing the percentage of fine aggregate in a gap-graded mix. Fine aggregate is usually 25% to 35% by volume of the total aggregate. The lower percentage is used with rounded aggregates and the higher with crushed materials

· In order to prevent the segregation of gap-graded mixes the slump should be restricted between zero and 3 in. depending on the thickness of the section, amount of reinforcement and height of casting
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