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CONCRETE MIX DESIGN 

Specify the mix proportions of a concrete to be used in a bridge deck in the province of Ontario. 

A compressive strength f’c of 30 MPa at 28 days is specified. No statistical data on previous 

mixes are available. The available ingredients are as follows: 

Cement: Relative density = 3.15 

Coarse aggregate: 20-mm nominal maximum size 

Oven-dry relative density = 2.60 

Absorption capacity = 0.5% 

Bulk density = 1600 kg/m
3

Aggregate is in SSD condition 

Fine aggregate: Oven-dry relative density = 2.60 

Absorption capacity = 0.7% 

FM = 2.80 

Aggregate is in SSD condition 

1. Specify slump (Table 9-6)

 For structural concrete, the maximum slump that is allowed is 100 mm

2. Identify strength requirement

 The exposure class for a bridge deck in Ontario is: C-1

 If the concrete was to be exposed to a sulphate environment, Table 9-2 should be checked to

identify the level of exposure to sulphates (this is not the case here.)

 According to Table 9-1, the minimum strength requirement for a concrete in C-1 exposure

condition is 35 MPa. Since this minimum strength requirement is greater than what it was

specified, the value used for f’c becomes now 35 MPa.

 Since there is no statistical data available on previous mixes, the average strength required

for proportioning is (see Table 9-11):

' ' 8.5cr cf f   43.5 MPa

3. Identify water-to-cementing materials ratio requirement

 From a durability requirement, the maximum w/c allowed for a concrete exposed to a C-1

environment is 0.40 (see Table 9-1.)

 From a strength requirement, the recommended w/c for a f’cr of 43.5 MPa is 0.31 (this value

is interpolated from those in Table 9-3 as follows: [(45-43.5)x(0.34-0.30)/(45-

40)]+0.30=0.31..... yeahhhh I was right !!!!). 
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 Since the lower w/c governs, the mix must be designed for w/c = 0.31.

4. Determine the amount of air content

 From Table 9-1, the category for air content for a C-1 exposure condition is Category 1, since

the concrete is likely to be exposed to freezing and thawing.

 For a 20-mm nominal maximum aggregate size and an air content category 1, the

recommended range for entrained air is 5-8% (see Table 9-5). The mix proportions will

therefore be designed for the maximum allowable of 8%.

5. Determine the amount of mixing water

 For a 20-mm nominal maximum aggregate size and a slump of 100 mm, the recommended

amount of mixing water for an air-entrained concrete is 184 kg/m
3
 of concrete (see Table 9-

5). 

6. Determine the amount of cement


mass of water 184

mass of cement
/ 0.31w c

  593 kg/m
3
 of concrete

 The requirement that concrete exposed to deicers should contain at least 335 kg/m
3
 of

cementing materials is satisfied by the previous value (see Table 9-7).

7. Determine the amount of coarse aggregates

 The bulk volume of dry-rodded coarse aggregate per unit volume of concrete for a 20-mm

nominal maximum aggregate size and a fineness modulus of 2.80 is 0.62 (see Table 9-4).

 mass of coarse agg. 1600 0.62   992 kg/m
3
 of concrete (oven-dry mass)

8. Determine the amount of fine aggregates

 Let’s calculate first the absolute volume of the known ingredients:

3

3

3

3

184
volume of water 0.184 m

1.0 1000

593
volume of cement 0.188 m

3.15 1000

992
volume of coarse agg. 0.381 m

2.60 1000

volume of air 8% 0.08 m

 


 


 


 

Total volume of know ingredients 0.833 m
3

 Calculate the absolute volume of the fine aggregates by subtracting the previous value from 1

m
3
.
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
3volume of fine agg. 1.0 0.833 0.167 m    

 mass of fine agg. 0.167 2.60 1000    434 kg/m
3
 of concrete (oven-dry mass)

9. Adjust for aggregate moisture

 So far the mixture has the following proportions:

Water 184 kg 

Cement 593 kg 

Coarse agg. (dry) 992 kg 

Fine agg. (dry) 434 kg 

 Since the aggregates are in the SSD condition and the above quantities are based on oven-dry

conditions, their weight must be adjusted for the presence of water in them.

mass of coarse agg. (0.5% MC) 992 1.005   997 kg/m
3
 of concrete

mass of fine agg. (0.7% MC) 434 1.007   437 kg/m
3
 of concrete

The revised batch quantities for 1 m
3
 of concrete are:

Water 184 kg 

Cement 593 kg 

Coarse agg. (0.5%) 997 kg 

Fine agg. (0.7%) 437 kg 

2211 kg 

The density of the concrete (2211 kg/m
3
) is within normal range.

 Let’s assume that the coarse and fine aggregates were to be provided at 2% and 6% MC,

respectively. Since both of them are on the wet side, besides adjusting the weight of the

aggregates for their level of moisture content, the weight of water to be added needs to be

adjusted too. There is going to be water contributed to the mix by both the coarse and fine

aggregates.

mass of coarse agg. (2% MC) 992 1.02  1012 kg/m
3
 of concrete

mass of fine agg. (6% MC) 434 1.06  460 kg/m
3
 of concrete

   
surface moisture surface moisture 

contributed by coarse agg. contributed by fine agg.

mass of water 184 992 0.02 0.005 434 0.06 0.007              146 kg/m
3
 of concrete
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The revised batch quantities for 1 m
3
 of concrete are:

Water 146 kg 

Cement 593 kg 

Coarse agg. (2%) 1012 kg 

Fine agg. (6%) 460 kg 
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TABLES USED FOR CONCRETE MIX DESIGN (CSA A23.1) 

The following tables are those of chapter 9 of “Design and Control of Concrete Mixtures” 

published by the Cement Association of Canada. 
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