PROPORTIONING OF CONCRETE MIXTURESEXAMPLE

How do we determine the proportions of ingredidotgiet concrete with
desired properties?

The following example of a mix design is adaptedmréDesign and
Control of Concrete Mixtures”, 8th Edition, CemergsAciation of Canada.

Conditions

Design a mix for concrete withcE= 35 MPa at 28 days using Type GU (10)
cement and having a slump between 25mm and 75mnetré&te is for use

in a pavement exposed to moisture and de-icing sal severe freeze-thaw
environment (C-2 Class of Exposure). (Sable 10.2 of CAC Booklet)

Materials Available

Coar se aggregate: 28mm max. size (rounded gravel), oven-dry redativ
density = 2.68, absorption = 0.5%, oven-dry bulksity = 1600kg/m and
moisture content (MC) = 2%.

Fine aggregate: natural sand, oven-dry relative density = 2.@%oaption =
0.7%, moisture content (MC) = 6%, and fineness rsdy 2.80.

Solution:

Strength:

FromTable 12-1 it can be seen that the strength of 35MPa is

greater than the maximum specified value of 32 KtiP&-2 exposure.
Table 12-11 gives required average strength ¥ f'c+ 8.5 = 43.5 MPa and
air content is Category 1 (freezing & thawing)

W ater/cement ratio:
Table 12-3 for f'or= 43.5 MPa w/c = 0.31
Value of 0.31 < 0.45 (max. for C-2 exposurd eble 12-1)

Air Content:

Table 12-1 requires air content category 1 for C-2 exposure.

Table 12-5 for air-entrained concrete with 28 mm coarse aggpesrequires
4% to 7% air for air content category 1.

Water content:

Table 12-5 28 mm (max.) aggregate size with 75mm slump indga75 kg
of water per 1mof concrete. Sincd able 12-5 relates to crushed rock and
we can reduce water content by about 25 kg fordedmgravel.



. water content = 175 - 25 = 150 kg/m
Further reduce by 10% and use water reducing admeixte. use 135 kghn

Cement content:

For w/c = 0.31 mass of cement = w/0.31 = 135/0.3B5 kg/m

Note that this is more than the minimum value d B8/ms specified in the
footnote toTable 12-7 (severe exposure).

Coar se aggr egate content:

For 28 mm aggregate and sand having a finenesslusooiu2.80

Table 12-4 gives volume of aggregate per unit volof@oncrete = 0.67
. mass of coarse aggregate = 0.67 x 1600 = 1072skg/m

Admixtur e content:

For 7% air content we typically require 0.5g ofeamtraining agent per kg
cement, giving 0.5 x 10x 435 = 0.218 kg Water reduction typically
requires 3g of water reducing agent per kg cengwitig 3 x 13 x 435 =
1.305 kg Note: The amounts of air entraining ancewegducing admixtures
required to obtain the desired effects will be dpt by the manufacturers
of the specific admixtures used.

Fine aggregate content:
To date we have the following volumes of ingredidatsl ms of concrete:

Water = 135/ (1x1000) = 0.135an

Cement = 435/ (3.15x1000) = 0.138 m

Air (7.5%) = 1x (7/1200) = 0.070 g

Coarse agge. = 1072/2.68x1000 = 0.382 m

Total volume = 0.743 m
". volume of fine aggregate = 1 - 0.743 = 0.2%fan 1 msof concrete

giving quantity of fine aggregate = 0.257 x 2.64000 = 678 kg

First proportions

Hence, for 1 mof concrete, we have:
water = 135 kg

cement = 435 kg

coarse aggregate = 1072 kg

fine aggregate = 678 kg

TOTAL = 2320 kg




Note that the mass of the air-entraining and waeucing admixtures
(a total of 1.523 kg) is negligible.

We need to adjust the water content to accounaldsorption and moisture
content of the aggregates.

Coarse aggregate (2% MC) 1072 x 1.02 = 1093 kg
Fine aggregate (6% MC) 678 x 1.06 = 719 kg

Note that absorbed water does not contribute tonilkeng water.

Surface water from coarse aggregate = 2% - 0.5%% 1
Surface water from fine aggregate = 6% - 0.7% 2.3

". required water = 135 - (0.015 x 1072) - (0.053 8)67 83 kg

Final proportions:

water (to be added) = 83 kg
cement = 435 kg

coarse aggregate = 1093 kg
fine aggregate = 719 kg

Should mix a trial batch in the laboratory to téds¢ slump. Also make
cylinders to test for strength at a particular agggjust the mix, if necessary.



The following Tables have been extracted from “Desigd Control
of Concrete Mixtures”, 8Edition, Cement Association of Canada.

Table 12-1 Requirements for C, F, N, A, and S Classes of Exposure (See Clauses 4.1.1.1.1, 4.1.1.3. 4.1.1.4,
4.1.1.5,41.16.2, 411101, 4.1.1.10.3, 4.1.2.1,43.1.7.4.2.1,8.7.3, 8.7.6.1, 8.13.3, and Tables 1 and 2, Annex L.}

Maximum Curing type (see Table 20)
Maximum specified i
water-to- compressive Chioride ion
cementing | strenght (MPa) Air content penetrability
Class of materials and age (d) at category as MNormal HVSCM 1 HVSCM 2 requirements
exposure” ratiot testt per Table 4 concrete and age at test?
C-XL D.40 50 within 56 d lor2g 3 3 3 =1000 coulombs
within 56 d
C-1or A1 0.40 35at28d 1or2§ 2 3 2 <1500 coulombs
within 56 d
C-2 or A-2 0.45 32a128d 1 2 2 2 -
C-3 or A-3 0.50 J0at28d 2 1 2 2 -
C-4™ - A-4 0.55 258t 28 d 2 1 2 2 -
F-1 050 I0at28d 1 2 a4 2 -
F-2 0.55 25at284d 2t 1 2 2 -
NtE Asperthe | Forstructural None 1 2 2 =
mix design | design
for the
strength
requirad
5-1 0.40 35ai56d 2 Z 3 2 -
5-2 045 J2atshd 2 2 a Z -
5-3 0.50 30 at 56 2 1 2 2 -

See Table 1 tor a description of classes of exposure,
+ The mitrumum specified compressive strength may be adjusted to reflect proven relationships betweeen strength and the water-to-cementing
materials ratio. The water-to-cementing materials ratio shall not be exceeded a given class of exposure,
1 In accordance with ASTM C 1202, an age different from that indicated may be specified by the owner. Where calcium nitrite corrosion
inhibitor 18 ko be used, the same concrete mixture, without calcham nitrite, shall be pmquaji!ied to meet the requirements for the permeability
index in Table. For field testing, the owner shall specify the type of specimen and location from which it is taken. 1f cores ane requined, the con-
crete cores shall be taken in accordance with Clause 6.1.2.3.3 of C5A 5413,
§ Use air content category 1 for concrete exposed to freering and thawing, Use air content eategory 2 for concrete not expesed to freezing and
thawing.
**For class of exposure C-4, the requirement for air-entrainment should be waived when a steel trowelled finish is required. The addition of
supplementary cementing materials may be used to provide reduced permability in the long term, if required.
HHinterior ice rink slabs and freezer slabs with a steel trowelled finish have been found to perform satisfactorily without entained air.
$15ee Clause 8.12 for concrete mixed for concrete floors.
Source: (54 Standard 4231

Table 12-2 Additional requirements for concrete subjected to sulphate attack®

Cementing requirements §
Water soluble Cementing | Maximum expansion when
Water-soluble Sulphate (50,) | sulphate (SO,) materials | tested using CSA A3004-C8, %
Class of | Degree of | sulphate (SO,)T | in groundwater | In recycled to be
exposure | exposure | in soil sample, %| samples, mgiL 1| aggregate sample% | used 55t | At & month At 12 monthstt
51 Vary severg | > 2.0 > 10,000 ».20 HS or HSh | 0.05 0.10
5.2 Severe 020-20 1500 - 10,000 060-20 HSorHSb | 0.05 0,10
83 Moderale 0.10-020 150 — 1500 0.20- 080 MS, MSh 0.10
LH, HS**, or
HS5h

*For sea waker exposure, see A23.1, Clause 4.1.1.5.
1 In accordance with CSA A23.2-38.
{ In accordance with CSA A23.2.3B,
§ Where combinations of supplementary cementing materials and portland or blended hydrailic coments are to be used instead of the
cementing malerials listed, the performance requirements shall be used to demonstrate equivalent performance against sulphate exploswre

(see A23.1 Clauses 4.1.1.6.2, 4.2.1.1, and 4.2.1.3, and 4.2.1.4), Such cambination shall not be designated as blended cements

** Type HS cement shall not be used in reinforeed conerete exposed to both chlorides and sulphates. Refer to Clause 4.1.1.6.3.
I the expansion is greater than (L05% at 6 months but less than 0105 at 1 year, the cementing materials combination under test shall be

considered to have passed.

Source; CSA Standard A23.1



Table 12-3 Relationship Between Water to
Cementing Materials Ratio and Compressive

Strength of Concrete
Compressive Water-cementing materials ratio by mass
strength at Non-air-entrained Alr-entrained
28 days, MPa concrete concrete
45 0.38 0.30
40 0.42 0.34
a5 0.47 039
a0 0.54 045
25 0.61 0.52
20 0.69 0.60
15 0.7 0.70

Strength is based on cylinders moist-cured 28 days in accordance
with C5A AZ3.2-3C (ASTM C 31). Relationship assumes nominal
maximum size aggregate of about 20 o 28 mm

Adapfted from ACT 211.1 and ACT 211.3.

Table 12-4 Bulk Volume of Coarse Aggregate Per
Unit Volume of Concrete

Nominal Bulk volume of dry-rodded coarse
maximum aggregate per unit volume of concrete for
size of different fineness moduli of fine aggregate®
aggregate,
mm 2.40 2.60 2.80 .00
10 0.50 0.48 .46 0.44
14 0.59 057 0.55 0.53
20 (.66 (.64 0.62 (.60
28 o.M 0.69 0.67 0.65
40 0,75 0.73 0.7 0,69
56 0.78 0.76 0.74 0,72
&0 0.82 080 0.78 0.76
150 0.87 085 0.83 0.81

*Bulk volumes are based on aggregates in dey-rodded condition as
described in C5A A23.2-10A {ASTM C 29). Adapted from ACT 211.1.

Table 12-5 Approximate Mixing Water and Air Content Requirements for Different Slumps and Nominal
Maximum Sizes of Aggregate

Water, kilograms per cubic metre of concrete, for indicated sizes of aggregate”

Slump, mm 1W0mm | 44mm | 20mm [ 28mm | 40 mm | 56 mm* | 80 mm* [ 150 mm**
Non-air-entrained concrate
25to 50 207 189 180 179 166 154 130 113
75 to 100 228 216 205 193 181 169 145 124
150t 175 243 228 218 202 180 178 160 —
Approximate amount of
entrapped air in non-air- 3 25 2 1.5 1 0.5 03 0.2

antrained concrete, percent

Alr-entrained concrete

25t0 50 181 175 168 160 150 142 122 107
TS0 100 202 193 184 175 165 157 133 119
150 to 175 216 205 187 184 174 166 154 —
CSA AZ3N
Recommended total
air content percentt
Category 1 Gtod Stod 4107 — - —
Category 2 S5toB 4ta7 3tof — - —

* These quantities of mixing water are for use in computing cementing material contents for trial batches. They are maximums for reasonably
well-shaped angular coarse aggregates graded within limits of sccepred specifications.
** The slump values for concrete containing aggregates larger than 40 mym are based on shamp tests made after removal of particles larger than
40 mm by wet screening.
t See Tables 12-1 and 12-2 for class of exposure and corresponding air contint category
Adapted from C5A Standard A23.1, ACT 211.1, and ACT 318. Howver [1995) presents this information in graphical form.



Table 12-6 Recommended Slumps for
Various Types of Construction

Slump, mm

Concrete construction Maximum® Minimum
Reinforcad Emlmdaunn 75 o5
walls and footings

Plain footings, caissons, and 75 o
substructure walls

Beams and reinforced walls 100 25
Building columns 100 25
Pavements and slabs 75 25
Mass concrele 75 25

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

Plasticizers can safely provide higher slumps.

Adapled from ACI211.1,

Table 12-7 Minimum Reguirements of Cementing
Materials for Concrete Used in Flatwork

Nominal maximum size Cementing materials,
of aggregate, mm kg/m*
40 280
28 310
20 320
14 350
10 JE0

* Cementing materials quantities may neéed to be greater for severe
exposure. For example, for deicer exposures, concrete should
contain at least 335 kg/m?* of cementing materials

Adapted from ACI 302

Table 12-11 Required Average Compressive
Strength When Data Are Not Available to Establish a
Standard Deviation

Required average
Specified compressive compressive strength,
strength, f.. MPa fer: MPa
Less than 21 fe+70
211035 fo +85
Over 35 £ +10.0

Adapted from ACT 318,
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Nominal maximum aggregate size, mm

Bulk volume of coarse aggregate per unit volume of
concrete, Bulk volumes are based on aggregates in a dry-
rodded condition as described in CSA A23.2-10A (ASTM C
29). For more workable concrete, such as may be required
when placement is by pump, they may be reduced up to 10%.

Figure12.3



