Lecture No. 12

Subject:
Proportioning of Concrete Mixes

Objectives of Lecture:

· To explain objectives of the mix proportioning
· To explain the basic considerations in the mix proportioning

· To explain the criteria for selecting the mix parameters 

Definition and Objectives
The proportioning of concrete mixture, also referred to as “mix proportioning” or “mix designing”, is a process that consist of two interrelated steps:

(1) selection of the suitable ingredients (cement, aggregate, water, and admixtures) of concrete among the readily available materials, and

(2) determining their relative quantities (proportioning) 

to produce, as economically as possible,   concrete of the appropriate workability, strength, and durability 

General Considerations

1.   Economy
· Since cement is much more expensive than aggregate (e.g., 10 times or even more), it is clear that minimizing the cement content is the most important single factor in reducing concrete costs

· Cement content can be reduced by adopting the following measures:

· By using the lowest possible workability

· By using the largest practical maximum size of aggregate

· By using the optimum fine/coarse aggregate ratio, and

· By using appropriate admixtures, where necessary

2. Workability 

· Workability of a mix should be specified by the designer based on placing, compacting, and finishing requirements

· Mix should have no more workability than that required for adequate placement, compaction, and finishing

· The water requirement for workability depends mostly on the characteristics of the aggregate rather than those of the cement, therefore wherever necessary the workability should be improved by increasing the FA/CA ratio to increase the mortar content rather than by simply adding more water or more fine material

· For concrete mixtures requiring high workability at the time of placement, the use of water-reducing or set-retarding admixtures should be considered rather than the addition of more water at the jab site  

3. Strength and Durability

· Mix proportioning is done on the basis of 28-days compressive strength, fc′, required. However, strengths at other ages may also control the mix design

· Durability of concrete is controlled mainly by its permeability. Therefore, while designing the mix, make sure that the permeability of the set concrete will be equal to or less than the permissible

· Both strength and permeability of are mutually related through the capillary porosity which is controlled by the following factors:

· w/c ratio, 

· cement content, and 

· degree of hydration

· Therefore the w/c ratio and cement content should be selected satisfying both the strength and durability requirements

Criteria for Selecting the Mix Parameters

· Selection of the mix parameters (w/c ratio, aggregate, slump, entrained air, water content, cement content and cement type, and admixtures) is made on the basis of the following:

· The intended use of the concrete,

· The exposure conditions, 

· The size and shape of members, and 

· The physical properties of the concrete, such as strength required 

1. Selection of w/c ratio

· The w/c ratio to be selected should satisfy both the strength and durability criteria (i.e. selected value should be least of the w/c ratio values from strength and durability criteria)

· Tables 7-1 and 7-2 may be used to select the w/c ratio for satisfying durability criteria under different exposure conditions

· Fig. 7-1, Tables 7-3 and 7-4 may be used to select the w/c ratio for satisfying the strength requirement   

2. Selection of coarse-aggregate size and coarse-aggregate/concrete ratio 

· The check for adequacy of the given maximum size of the coarse-aggregate or its selection if not given may be carried out using the following criteria:

The maximum size of coarse aggregate should not exceed

(i) one-fifth the narrowest dimension   between sides of forms

(ii) ¾ the clear space between individual reinforcing bars or wire, bundles of bars, prestressing tendons or ducts

(iii) ⅓ the slab thickness  

· The optimum maximum size of coarse-aggregate is about ¾ inch

· Table 7-5 can be used to select the coarse-aggregate/ concrete ratio (by volume) corresponding to the maximum size of coarse-aggregate and fineness modulus of fine aggregate

3. Selection of entrained air for mixes exposed to freezing and thawing and deicing chemicals

· Table 7-6 can be used to select the air content corresponding to the maximum size of aggregate and the exposure conditions, whether mild, moderate, or severe

· The value of air content obtained from Table 7-6 may be varied within ( 1 % for batch proportions

4. Selection of slump

· A suitable value of slump may be selected from Table 7-7 for the given type of concrete construction

5. Selection of water content

· Table 7-6 can be used to select the water content corresponding to the maximum size of aggregate, selected slump and whether the concrete mix is air-entrained or non-air-entrained (for mix with angular coarse aggregates, e.g., crushed stone)

·  For the following other types of the aggregates water content selected from Table 7-6 should me modified as follows:

· (Table value – 20 lb) for sub-angular aggregate

· (Table value – 35 lb) for gravel with some crushed particles

· (Table value – 45 lb) for rounded gravel

6. Selection of cement content and cement type

· After selecting the w/c ratio and water content, the cement content can be calculated as:

Cement content 

= (water content) / (w/c ratio)

· The above calculated value of the cement content should satisfy the following minimum cement requirements to ensure the durability, placeability, finishability, and abrasion resistance

· For severe freeze-thaw, deicing chemical, and sulfate exposures, a minimum cement content of 564 lb/yard3 (338 kg/m3) of concrete is specified

· The minimum cement contents to be used in flatwork are presented in Table 7-8, corresponding to maximum size of coarse aggregate 

· A suitable type of the cement should be selected on the basis of exposure conditions, construction type, strength requirement, etc.

7. Selection of admixtures 

· A suitable admixture may be selected for getting a desirable property of concrete, e.g. air entraining, water reducing, permeability reducing, etc.

· A proper dose of the selected admixture should be selected in terms of % by weight of cement

· When using a chloride-based admixture, the water-soluble chloride ion (Cl-) in concrete should not exceed the limits put in Table 7-9 
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