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Slump:  British and European
standards

L .

RN standard

1. The cone is filled with
concrete in three equal
layers, and each layer is

2. The cone is slowly
raised and the
concrete is allowed to

compacted with twenty-five slump under its own

tamps of the tamping rod.

weight.

3. The slump is
measured using the
upturned cone and
slump rod as a
guide

True Shear

Types of slump

Collapse
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Compressive strength, MPa
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Non-air entrained concrete
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made with ASTM type | or normal
portland cement
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Number of Tests Modification Factor F

15 1.16
20 1.08
25 1.03
30 or more 1.00
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Specified Required Average
Compressive Strength Comprmwe Strength
f' .. MPa (psi) f'or. MPa (psi)
<21 (<3000) f'f.+ 7.0(f .+ 1000)
21 to 35 (3000 to 5000) '+ 85(f .+ 1200)

>35 (>5000) ff_+ 100 (f_+ 1400)
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Y REN
dj . Typical Relationship Between Water—Cement Ratio and
Compressive Strength of Concrete®

Water—Cement Ratio by Weight

Compressive Strength at Non-Air-Entrained Air-Entrained
28 days, f' 5, MPa (psi) Concrete Concrete
448 (7000) 0.33 —

41 (6D00) 0.41 0.32

35 (5000) 0.48 0.40

248 |4000) 0.57 0.48

21 (3000) 0.68 0.59

14 (ZD0OO) 0.82 0.74

* Amencan Concrete Institute (ACI 211.1 and ACI 211.3)

* * Strength is based on cylinders moist-cured 28 days in accordance with ASTM (31
(AASHTO T23). Relstionship assumes nominal maamum size of aggregnie shout 19
025 mm (ifiolin)
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Exposure condition

Maximum water-cementitious material
ratio by mass for concrete

Minimum design compressive strength,
fe, 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, workability,
and finishing needs

Select strength based on structural
requirements

Concrete intended to have low

deicing salts, salt water, brackish water,
seawater, or spray from these sources

permeability when exposed to water 0.50 28 (4000)
Concrete exposed to freezing and

thawing in a moist condition or deicers B4 31.44500)
For corrosion protection for reinforced

concrete exposed to chlorides from 0.40 35 (5000)

Adapted from ACI 315 (2002).

© J o
Minimum design

Water-soluble Maximum water- compressive
Sulfate sulfate (SO4) in soll, Sulfate (S04) cementitious material strength,

exposure percent by mass* in water, ppm* Cement type** ratio, by mass f.. MPa (psi)

Negligible Less than 0.10 Less than 150 No special type required — —
. I, MS, IP(MS), IS(MS), P(MS),

Moderate 0.10t0 0.20 150 to 1500 (PM)(MS), [(SM)(MS) 0.50 28 (4000)
Severe 0.20 to 2.00 1500 to10,000 V, HS 0.45 31 (4500)
Very severe Over 2.00 Over 10,000 V, HS 0.40 35 (5000)

*Tested in accordance with the Method for Determining the Quantity of Soluble Sulfate in Solid (Soil and Rock) and Water Samples, Bureau

of Reclamation, Denver, 1977.

** Cement Types Il and V are in ASTM C 150 (AASHTO M 85), Types MS and HS in ASTM C 1157, and the remaining types are in ASTM C 595
(AASHTO M 240). Pozzolans or slags that have been determined by test or service record to improve sulfate resistance may also be used.

T Seawater.
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Norrunal Bulk volume of dry-rodded coarse
maximum aggregate per unit volume of concrete for
size of different fineness moduli of fine aggregate*
aggregate,
mm (in.) 2.40 2.60 2.80 3.00
9.5 (%) 0.50 0.48 0.46 0.44
12.5 (%) 0.59 0.57 0.55 0.53
19 (%) 0.66 0.64 0.62 0.60
25 (1) 0.71 0.69 0.67 0.65
37.5 (1%) 0.75 0.73 0.7.] 0.69
50 (2) 0.78 0.76 0.74 0.72
75 (3) 0.82 0.80 0.78 0.76
150 (6) 0.87 0.85 0.83 0.81

*Bulk volumes are based on aggre

gates in a dry-rodded condition as

described in ASTM C 29 (AASHTO T 19). Adeipted from ACI 211.1.
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Water, kilograms per cubic meter of concrete, for indicated sizes of aggregate*

Slump, mm 9.5mm | 12.56 mm 19 mm 25 mm 375 mm | 50 mm** | 75 mm** | 150 mm**
Non-air-entrained concrete
25to0 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 —
Approximate amount of
entrapped air in non-air- 3 2.5 2 1.5 1 0.5 0.3 0.2
entrained concrete, percent
Air-entrained concrete
25t0 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 35 3.0 25 2.0 1.5 1.0
Moderate exposure 6.0 o] 5.0 4.5 4.5 4.0 3.5 3.0
Severe exposure Iih 7.0 6.0 6.0 5.5 5.0 4.5 4.0

Ol g daadll jadl i wil) cWla Vo ¢
5 il ciljgal Gha il i 098 Al sl & 1 Mild exposure (—i:éill) uéghﬂ\ oadl) Ja Y
gl 9S8 Lgaladind ali La 13 Al ggd) cilol8ll) Al ga aladia dala Y AUl o das dhaa ol sl
G LB Gual ga
dggha It lu Al (2 i ¥ Adlad) sda uﬁ : Moderate exposure (bwgiall) Juisall (o il da Y
sl ¢yl paad) 1 JUia , 3 jldal) Al 3 gall g zBadU (i i W IS g danill Alas S AL gl il
TN 3l e S Y Aol ol g il el e il 1 3520
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Slump, mm (in.)
Concrete construction Maximum®* Minimum
Reinforced foundation
walls and footings 75 (3) 25 (1)
Plain footings, caissons, and
substructure walls 75 (3) 25 (1)
Beams and reinforced walls 100 (4) 25 (1)
Building columns 100 (4) 25 (1)
Pavements and slabs 75 (3) 25 (1)
Mass concrete 75 (3) 25 (1)
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Nominal maximum size Cementing materials,
of aggregate, mm (in.) kg/m? (Ib/yd?3)*
37.5 (1%) 280 (470)
25 (1) 310 (520)
19 (%) 320 (540)
125 (%) 350 (590)
9.5 (%) 360 (610)
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weight of losse material

Absolute volume = relative density (specific gravity)of a material » density of water
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