Table 9-1. Maximum Water-Cementitious Material Ratios and Minimum Design Strengths for Various Exposure Conditions
	Exposure Condition
	Maximum water-cementitious material ratio by mass for concrete
	Minimum design compressive strength, f' c , MPa (psi)

	Concrete protected from exposure  to freezing and thawing, application of deicing chemicals, or aggressive substances.
	Select water-cementitious material ratio on basis of strength, workabilty, and finishing needs
	Select strength based on structural requirements

	Concrete intended to have low permeability when exposed to water
	0.50
	28 (4000)

	Concrete exposed to freezing and thawing in a moist condition or deicers
	0.45
	31 (4500)

	For corrosion protection for reinforced concrete exposed to chlorides from deicing salts, salt water, brackish water, seawater, or spray from these sources
	0.40
	35 (5000)


Table 9-3 (Metric). Relationship Between Water to Cementitious Material Ratio and Compressive Strength of Concrete
	Compressive Strength at 28 days, Mpa
	Water-cementitious materials ratio by mass

	
	Non-air-entrained concrete
	Air-entrained concrete

	45
	0.38
	0.30

	40
	0.42
	0.34

	35
	0.47
	0.39

	30
	0.54
	0.45

	25
	0.61
	0.52

	20
	0.69
	0.60

	15
	0.79
	0.70


Table 9-4. Bulk Volume of Coarse Aggregate Per Unit Volume of Concrete
	Nominal maximum size of aggregate, mm (in.)
	Bulk volume of dry-rodded coarse aggregate per unit volume of concrete for different fineness moduli of fine aggregate

	
	2.40
	2.60
	2.80
	3.00

	9.5       (3/8)
	0.5
	0.48
	0.46
	0.44

	12.5     (1/2)
	0.59
	0.57
	0.55
	0.53

	19        (3/4)
	0.66
	0.64
	0.62
	0.6

	25         (1)
	0.71
	0.69
	0.67
	0.65

	37.5    (11/2)
	0.75
	0.73
	0.71
	0.69

	50         (2)
	0.78
	0.76
	0.74
	0.72

	75         (3)
	0.82
	0.8
	0.78
	0.76

	150       (6)
	0.87
	0.85
	0.83
	0.81


Table 9-5 (Metric). Approximate Mixing Water and Target Air Content Requirements for Different Slumps and Nominal Maximum Sizes of Aggregate

	Slump, mm
	Water, Kilograms per cubic meter of concrete, for indicated sizes of aggregate

	
	9.5 mm
	12.5 mm
	19 mm
	25 mm
	37.5 mm
	50 mm
	75 mm
	150 mm

	 
	Non-air-entrained concrete

	25 to 50
	207
	199
	190
	179
	166
	154
	130
	113

	75 to 100
	228
	216
	205
	193
	181
	169
	145
	124

	150 to 175
	243
	228
	216
	202
	190
	178
	160
	-

	Appropriate amount of entrapped air in non-air-entrained concrete, percent
	3.0
	2.5
	2.0
	1.5
	1.0
	0.5
	0.3
	0.2

	 
	Air-entrained concrete

	25 to 50
	181
	175
	168
	160
	150
	142
	122
	107

	75 to 100
	202
	193
	184
	175
	165
	157
	133
	119

	150 to 175
	216
	205
	197
	184
	174
	166
	154
	-

	Recommended average total air content, percent, for level of exposure:
	 

	Mild exposure
	4.5
	4.0
	3.5
	3.0
	2.5
	2.0
	1.5
	1.0

	Moderate exposure
	6.0
	5.5
	5.0
	4.5
	4.5
	4.0
	3.5
	3.0

	Severe exposure
	7.5
	7.0
	6.0
	6.0
	5.5
	5.0
	4.5
	4.0
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Table 9-7. Minimum Requirements of Cementing Materials for Concrete Used in Flatwork
	Nominal maximum size of aggregate, mm (in.)
	Cementing materials, Kg/m3 (lb/yd3)*

	37.5   (11/2)
	280   (470)

	25       (1)
	310   (520)

	19     (3/4)
	320   (540)

	12.5  (1/2)
	350   (590)

	9.5    (3/8)
	360   (610)


Table 9-8. Cementitious Materials Requirements for  Concrete Exposed to Deicing Chemicals.

	Cementitious Materials
	Maximum percent of total cementitious materials by mass

	Fly ash and natural pozzolans
	25

	Slag
	50

	Silica Fume
	10

	Total of Fly ash, Silica fume, and natural Pozzolans
	50

	Total of natural pozzolans and silica fume
	35


Table 9-11. (Metric). Required Average Compressive Strength When Data are Not Available to Establish a Standard deviation

	Specified compressive strength, f'c , Mpa
	Required average compressive strength, f' cr, Mpa

	Less than 21
	f' c + 7.0

	21 to 35
	f' c + 8.5

	Over 35
	1.10 f' c + 5.0
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Fig. 9-3. Buik volume of coarse aggregate per unit volume
of concrete. Bulk volumes are based on aggregates in a
dry-rodded condition as described in ASTM C 29 (AASHTO
T 19). For more workable concrete, such as may be re-
quired when placement is by pump, they may be reduced
up to 10%. Adapted from Table 9-4, ACI 211.1 and Hover
{1995 and 1998).
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Fig. 9-5. Approximate water requirement for various slumps and crushed aggregate sizes for (left) non-air-entrained
conerete and

(right) air-entrained concrete. Adapted from Table 9-5, ACI 211.1 and Hover {1995 and 1998).
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Fig. 9-2. Approximate relationship between compressive
strength and water to cementing materials ratio for concrete
using 20-mm to 28-mm nominal maximurm size coarse ag-
gregate. Strength is based on cylinders moist cured 28 days
per CSA A23.2-3C (ASTM C 31). Adapted from Table 9-3, ACI
211.1, ACI 211.3, and Hover 1995.




[image: image6.png]Table 9-6. Recommended Slumps for
Various Types of Construction

Slump, mm
Concrete construction Maximum*
Reinforced foundation
walls and footings

Plain footings, caissons, and
substructure walls

Beams and reinforced walls 100
Building columns 100

Pavements and slabs
Mass concrete

"May be increased 25 mm for consolidation by hand methods, such
as rodding and spading.

Plasticizers can safely provide higher slumps.

Adapted from ACI 211.1.




