
Brian Perry
GIVEN
􏱯 Bridge deck in Ontario 􏱯 f’c (28 days) = 30 MPa - EXPOSURE CLASS
􏱯 Cement
􏱲 BSG = 3.15
􏱯 Coarse aggregate
􏱲 20-mm nominal maximum size 􏱲 BSG=2.60
􏱲 AC=0.5% - the link between Oven Dry and Surface Saturated Dry
􏱲BSG(OD) - 2.60 - given at over dry            - M/(V x density of water) = bulk specific gravity
􏱲 Bulk density = 1600 kg/m3                        - dry rodded density, therefore its volume will decrease in cement
􏱲 Aggregate is in SSD condition

DRY RODDED - a dry compact measurement of a substances density that will change once in cement given by a ratio in a lower table, Decrease in volume is caused by the space between each dry aggregrate



Fine aggregate 􏱲 BSG=2.60
􏱲 AC=0.7%
􏱲 FM = 2.80
􏱲 Aggregate is in SSD condition

Take Slump = a maximum of 100
Exposure Class = C1, therefore Max W/C ratio = 0.4 & minimum specific 28 day strength = 35 MPa & also a category 1 air content

From table 9-11: F'c = 35, within the table of 21 - 35 therefore add 8.5 MPa to our F'c
therefore new strength requirement = 35 + 8.5 = 43.5MPa

on Table 9-3, our MPa input is 43.5 therefore our W/C ratio will be equal to 0.31 which is under the Class C1 requirement.
 
On Table 9-5, following our aggregate size and slump measurement, we have air entrained concrete so therefore in category 1 we would take a 5 - 8% air content ratio, always taking the higher value, our value is 
8% in comparison to the water(kg per m^3 of concrete)

mass of cement = 184/0.31 = 593kg/m^3 of concrete (used the W/C ratio to solve, 184 amount of water from table 9-5)

Coarse aggregate: table 9-4, nominal size = 20mm, M = 1600(density) x 0.62(ratio from table) = 992kg/m^3 of concrete

CONVERT ALL VALUES INTO VOLUME (using V = m/(S.G. x denisty H20))

Vol water = 184/1x1000 = 0.184m^3
Vol cement = 593/(3.15 x 1000) = 0.188M^3
Vol Coarse Agg = 992/(2.6 x 1000) = 0.381m^3
Vol air = 8% = 0.08m^3                                            total = 0.833m^3

Vol Fine Agg = 1 - total volume = 1 - 0.833 = 0.167m^3

mass Fine Agg = 0.167 x 2.60 x 1000 ( volume x S.G. x density water)
                         = 434 kg/m^3 of concrete

water = 184kg, cement = 593kg, CA = 992kg, FA = 434kg, Air = 8kg
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Concrete Mix Design
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Design of Concrete Mixtures

 Select suitable ingredients

 Determine relative quantities (“proportioning”)
 economy
 workability
 strength & durability
 Appearance
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Mix Characteristics
 Strength
 Water-cementing materials ratio
 Aggregate size and volume
 Air content
 Slump and workability
 Water content
 Cementing materials content and type
 Admixtures
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio 
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch

CVG 2141 - Civil Engineering Materials Concrete Mix Design - 5

(1) Required (given) Information
 Bridge deck in Ontario

 f’c (28 days) = 30 MPa
 Cement

 SG = 3.15

 Coarse aggregate
 20-mm nominal maximum size
 BSG = 2.60
 AC = 0.5%
 Bulk density = 1600 kg/m3

 Aggregate is in SSD condition
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(1) Required Information (cont’d)

 Fine aggregate
 BSG = 2.60
 AC = 0.7%
 FM = 2.80
 Aggregate is in SSD condition

Brian Perry
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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Slump

slump

100 mm

200 mm

300 mm

CSA A23.2-5C
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Types of Slump

Near-zero slump Normal slump

Shear slump Collapse slump

Lack of 
cohesion

Very wet 
mix
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Slump test
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(2) Choice of Slump

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)



University of Ottawa

CVG 2141 - Civil Engineering Materials Concrete Mix Design - 3

CVG 2141 - Civil Engineering Materials Concrete Mix Design - 13

Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio 
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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(3) Maximum Aggregate Size

 ≤ 1/5 min. dimension between forms
 ≤ 3/4 min. clear spacing between bars or 

between bars & forms
 ≤ 1/3 slab depth
 Here given to 20 mm
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio 
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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(4) Water-to-Cement Ratio

 Strength

 Durability
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Exposure Classes
C-1 Structurally r.c. exposed to Cl w/ or w/o freezing & 

thawing (bridge decks, parking decks & ramps, …)

C-2 Non-structurally r.c. (plain) exposed to Cl & freezing & 
thawing (garage floors, sidewalks, steps, curbs, …)

C-3 Submerged concrete exposed to Cl but not freezing & 
thawing (underwater portions of marine structures)

C-4 Non-structurally r.c. exposed to Cl but not freezing & 
thawing (underground parking slabs on grade)

F-1 Saturated concrete exposed to freezing & thawing but 
not to Cl (pool decks, patios, freshwater control structures, …)

F-2 Unsaturated concrete exposed to freezing & thawing but 
not to Cl (exterior walls & columns)

N Concrete not exposed to Cl nor to freezing & thawing 
(footings & interior slabs, walls & columns)

CSA A23.1
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W/C & Strength Requirements

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)
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Strength Requirements

 P.248 of Mamlouk’s book
 CSA A23.1 Required Strength When Data 

Are Available to Establish a Standard 
Deviation
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Required Avg. Compressive Strength

f’cr = required avg. compressive strength (MPa)
f’c = specified compressive strength (MPa)
S = standard deviation (MPa)

Specified compressive 
strength,  f'c, MPa

Required average 
compressive strength, f'cr, MPa

≤ 35
f'cr =  f'c+ 1.34s
f'cr = f'c + 2.33s – 3.45

Use larger value

Over 35
f'cr =  f'c+ 1.34s
f'cr = 0.90f'c + 2.33s

Use larger value
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Adjusted Standard Deviation

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)
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When Statistical Data Not Available

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)
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Water-to-Cementing Materials Ratio

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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Water & Air Content Requirements

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)
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Water & Air Content Requirements

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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Minimum Cement Content

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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Bulk Volume of Coarse Aggregate

(From “Design and Control of Concrete Mixtures” by Cement Association of Canada)
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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Absolute Volume Method

1 m3 of concrete

Coarse
aggregate

Fine
aggregate

Cement H2O

Air
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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Aggregate Moisture

Mixing
water

Water 
added

Surface moisture

Water
added

Moisture absorbedMC > AC

MC < AC
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Mix Design Procedure
1. Required information
2. Choice of slump
3. Maximum aggregate size
4. Water/cement ratio
5. Estimation of mixing water & air content
6. Calculation of cement content
7. Estimation of coarse aggregate content
8. Estimation of fine aggregate content
9. Adjustment for moisture in the aggregate
10. Trial batch
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Example I

Brian Perry
S.G. = M/(VxP(h20))




