Lecture No.14
Proportioning of Concrete Mixtures (cont)
Before starting the calculations, the following background data should be gathered:
· Sieve analysis of fine and coarse aggregate; fineness modulus.

· Dry-rodded unit weight of coarse aggregate.
· Bulk specific gravity of materials.
· Absorption capacity, free moisture in the aggregate.
· Variations in the approximate mixing water requirement with slump, air content, and grading of the available aggregates.
· Relationships between strength and w/c ratio for available combinations of cement and aggregate.

· Job specifications if any [e.g., maximum w/c ratio, minimum air content, minimum slump, maximum size of aggregate, and strength at early ages (normally at 28-day strength is specified)].

Regardless of whether the concrete characteristics are prescribed by the specifications or left to the mix designer, the mix proportions (mix weights) in kilograms per cubic meter of concrete can be computed in the following sequence:
Step 1: Choice of slump.  If the slump is not specified, a value appropriate for the work can be selected from Table 9-6. 
Step 2: Choice of maximum size of aggregate. For the same volume of the coarse aggregate, using a large maximum size of a well-graded aggregate will produce less void space than using a smaller size, and this will have the effect of reducing the mortar requirement in a unit volume of concrete.  Generally, the maximum size of coarse aggregate should be the largest that is economically available and consistent with dimensions of the structure.  In no event should the maximum size exceed one-fifth of the narrowest dimension between the sides of the forms, one-third the depth of slabs, or three-fourths of the minimum clear spacing between reinforcing bars.

Step 3: Estimation of mixing water and the air content.  The quantity of water per unit volume of concrete required to produce a given slump is dependent on the maximum particle size, shape, and grading of the aggregates, as well as on the amount of entrained air; it is not greatly affected by the cement content of the concrete mixture.  If data based on experience with the given aggregates are not available, assuming normally-shaped and well-graded particles, an estimate of the mixing water with or without air entrainment can be obtained from Table 9-5 for the purpose of computing the trial batches.
Step 4: Selection of water/cement ratio.  Since different aggregates and cements generally produce different strengths at the same water/cement ratio, it is highly desirable to develop the relationship between strength and water/content ratio for the materials actually to be used.  In the absence of such data, approximate and relatively conservative values for concretes made with Type I Portland cement can be taken as shown in Table 9-3.  Since the selected water/cement ratio must satisfy both the strength and the durability criteria, the value obtained from the table may have to be reduced depending on the special exposure requirements (Table 9-1).

Step 5: Calculation of cement content.  The required cement content is equal to the mixing water content (Step 3) divided by the water/cement ratio (Step 4).

Step 6:  Estimation of coarse-aggregate content.  Economy can be gained by using the maximum possible volume of coarse aggregate on a dry-rodded basis per unit volume of concrete.  Data from a large number of tests have shown that for properly graded materials, the finer the sand and the larger the size of the particles in coarse aggregate, the more is the volume of coarse aggregate that can be used to produce a concrete mixture of satisfactory workability.  It can be seen from the data in Table 9-4 that, for a suitable degree of workability, the volume of coarse aggregate in a unit volume of concrete is dependent only on its maximum size and the fineness modulus of the fine aggregate.  It is assumed that differences in the amount of mortar required for workability with different aggregates, due to differences in particle shape and grading, are compensated for automatically by differences in dry-rodded void content.  

The volume of aggregate, in cubic meter, on a dry-rodded basis, for 1 m3 of concrete is equal to the volume fraction obtained from Table 9-4.  This volume is converted to the dry weight of coarse aggregate by multiplying by its dry-rodded unit weight.

Step 7:  Estimation of fine-aggregate content.  At the completion of Step 6, all the ingredients of the concrete have been estimated except the fine aggregate; its quantity is determined by difference, and at this stage either the “weight” method or the “absolute volume” method can be followed.

According to the weight method, if the unit weight of fresh concrete is known from previous experience, then the required weight of the fine aggregate is simply the difference between the unit weight of concrete and the total weights of water, cement, and coarse aggregate.  In the absence of a reliable estimate of the unit weight of concrete can be obtained. 
In the case of absolute volume method the total volume displaced by the known ingredients (i.e., water, air, cement, and coarse aggregate) is subtracted from the unit volume of concrete to obtain the required volume of fine aggregate.  This in turn is concerted to weight units by multiplying it by the density of the material.

Step 8: Adjustments for aggregate moisture.  Generally, the stock aggregates are moist; without moisture correction the actual water/cement ratio of the trial mix will be higher than selected by Step 4, and the saturated-surface dry (SSD) weights of aggregates will be lower than estimated by Steps 6 and 7.  The mix proportions determined by Steps 1 to 7 are therefore assumed to be on an SSD basis.  For the trial batch, depending on the amount of free moisture in the aggregates, the mixing water is reduced and the amounts of aggregates correspondingly increased, as will be shown by the sample computation.

Step 9:  Trial batch adjustments.  Due to so many assumptions underlying the forgoing theoretical calculations, the mix proportions for the actual materials to be used must be checked and adjusted by means of laboratory trials consisting of small batches (e.g., 0.1 m3 of concrete).  
Fresh concrete should be tested for slump, workability (freedom from segregation), unit weight, and air content; specimens of hardened concrete cured under standard conditions should be tested for strength at the specified age.  After several trials, when a mixture satisfying the desired criteria of workability and strength is obtained, the mix proportions of the laboratory-size trial batch are scaled up for producing full-size field batches.
EXAMPLES OF MIXTURES PROPORTIONS
See examples 1 and 5 in the text book
PAGE  
3

