Lecture No. 13

Subject:
Proportioning of Concrete Mixes

Objectives of Lecture:

· To explain methods of the mix proportioning
· To explain the background data required for mix proportioning

· To explain the step-by-step procedure of mix proportioning

Mix Proportioning Methods
· Various mix proportioning methods have been developed by a number of countries all around the world

· Following two methods have been described in the ACI Committee 211 standard practice for proportioning of concrete mixes

(1) weight method 

(2) absolute-volume method

· Weight-proportioning method is fairly simple and quick for estimating mix proportions using an assumed or known weight of the concrete per unit volume (i.e. Density)

· Absolute-volume-proportioning method is a more accurate method and involves use of specific gravity values for all the ingredients to calculate the absolute volume each will occupy in a unit volume of concrete

· Here we will discuss about the absolute-volume method, which is usually adopted for 

· Mix proportioning from field data

· Mix proportioning by trial mixtures

· It may be noted that any mix design method will provide only a first approximation of proportions. These must be checked by trial batches in the lab. Or in the field and can then be adjusted as necessary to produce the desired concrete characteristics

1.
Proportioning from Field Data 

· This approach consists of adopting the previously used concrete mixture design for a new project provided that the following requirements are met:

· Strength-test data and standard deviations of strength test data collected from field show that the previously designed mixture is acceptable

· The statistical data should essentially represent the same materials, proportions, and concreting conditions to be used in the new project

· The data used for proportioning should also be from a concrete with an fc′ within 1000 psi of the strength of concrete required for the new project

· The data should represent at least 30 consecutive tests or two groups of consecutive tests totaling at least 30 tests (one test is the average strength of two cylinders from the same samples)

· Durability requirements must also be met  

· If all the above requirements are met the previous mixture design may be approved for the new project provided that the specified compressive strength of concrete, f′c, is equal to or greater than the required average compressive strength, f′cr, of concrete, calculated as follows: 

The f′cr will be taken as the larger of the values obtained from the following two equations

f′cr  = f′c + 1.34S

f′cr  = f′c + 2.33S – 500


Where

f′cr  =  required average compressive strength of concrete (psi) to be used as the basis for selection of concrete proportions

f′c =    specified compressive strength of             

          concrete (psi)

S  =   standard deviation (psi) of strngth test data, expression of S is given on p-83

Note:

(i) When number of tests is less than 30 but greater than or equal to 15 use the modification factor for S, as given in Table 7-10

(ii) When field strength test records do not meet the previously discussed requirements, e.g. no. of tests is less than 15, f′cr  can be obtained from Table 7-11 
· If the f′c is less than f′cr , or statistical data or test records are insufficient or are not available, the mixture should be proportioned by the trial-mixture method, as follows:
2.
 Proportioning by Trial Mixtures
· Proportioning by trial mixtures consists of first establishing the relationship between strength and w/c ratio for the materials to be used in the concrete, and then using this relationship for proportioning the concrete ingredients using a number of different methods

· The strength versus w/c ratio curve is established by preparing the three mixtures with three different w/c ratios or cement contents to produce a range of strengths that encompass f′cr 
· The mixtures are prepared using the same materials proposed for the work 

· The mixtures should have a slump and air content within ± 0.75 in. and ± 0.5 %, respectively, of the maximum permitted

· Three cylinders per w/c ratio should be made and cured according to ASTM C 192
· At 28 days or the designated test age, the compressive strength of concrete is determined by testing the cylinders in compression
· The test results are plotted to produce a strength versus w/c ratio curve (same as Fig. 7-1) that is used to proportion a mix 
· For required average compressive strength of concrete, f′cr, the w/c ratio may be obtained using the established  strength versus w/c ratio curve, and the mixture may be proportioned using any of the following methods

· Arbitrary assignment (1:2:3), volumetric

· Void ratio

· Fineness modulus

· Surface area of aggregates

· Cement content 

Background Data Required for

Mix Proportioning

Following background data should be gathered before starting the mix proportioning calculations:

· Sieve analysis of fine and coarse aggregate; fineness modulus

· Dry-rodded unit weight of coarse aggregate

· Bulk specific gravity of materials

· Absorption capacity, or free moisture in the aggregate

· Variations in the approximate mixing water requirement with slump, air content, and grading of the available aggregates

· Relationship 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 28-day compressive strength]  

Step-by-Step Procedure of

Mix Proportioning Calculations

· Determine the required compressive strength of concrete, f′cr, using the criteria mentioned earlier

· Select the w/c ratio using the criteria mentioned earlier

· Select the maximum size of aggregate or if maximum size of aggregate is given check its adequacy using the criteria mentioned earlier

· Select the air content using the criteria mentioned earlier

· Select the slump using the criteria mentioned earlier

· Select the water content using the criteria mentioned earlier

· Select the cement content using the criteria mentioned earlier

· Calculate the coarse-aggregate content using the Table 7-5

· Calculate the air content using the criteria mentioned earlier

· Calculate the fine-aggregate content as:

Weight of fine agg. for a given vol. of concrete 

= absolute vol. of fine agg. ( sp. gravity     ( unit weight of water  

Absolute vol. of fine aggregate

= Vol. of concrete – sum of absolute volumes of water, cement, air, and coarse aggregate

Absolute vol. of an ingredient of concrete except air

= (weight of ingredient) / (sp. gravity of   

   ingredient  ( unit weight of water)


Absolute vol. of air 

= (% air content ( vol. of concrete) /100

· Correct the weight of water, fine aggregate and coarse aggregate to compensate for the moisture in the aggregates
· Make the calculations for laboratory trial batch and produce the concrete
· Measure the slump, air content, unit weight, yield, and 28-day compressive strength of the produced concrete mix
· Carry on the batch adjustments till the desired slump, air content, yield, and 28-day compressive strength are achieved
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