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ELEMZNTARY MIX DESIGN TECHNIQUE

L ' ¥
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SUMMARY

A relatively simple method of designing eécncrete mix to obtain a cona
crete that matches given Pequiréments, both in the soft and the hardened
state, is ‘described. It emphasises on showing contractérs'and manufac~
turers of concreté and concreéte pro@ucts how to control the variods pPro=-
perties of concrete.  The report is not intended to give recipes for dif=
ferent set mixes. This, on tﬁe other hahd, should enable users to design

and, where necessary, to adjust concrete mixes to meet specific requirements.

As some of the diagrams reflects results from 2 limited number of
laboratory experiments, users are encouraged to plet results obtained from
their practical work in the diagrams and, where necessary, adjust the

diagrams to match thelr own expérience.

INTRODUCTION

M,

The cement based building materials constitutes in Thailand - as
in most oﬁhar couniries - the lavgest éingle group of the country's
conswmptlon of building materials, and the 1ocal cement factories pro~
duces cement of a guali by 2a+ fulfils 1nternatlonally recognized
‘standard.,.

However, the concrete produced is often of a fairly poor guality,
and as its COnsﬁitﬁents are generally good, it can only be because of

inadeguate manufacturing technique and guality control.

There are as present no Thai Standard for Concrefe and Reinforced
Concrote Diruectures and specifications are therefore usually set for
each individual job. They vary from very loose requirements of a.
volumetric mix to mdre precise réquirementsvof minimum strength, type

of aggregates and cement, control ete.

* .
Minerals and Metals Group, Technological Research Institute, ASRCT.



Legardlddd of unclear sﬁecifications and respomsibilities, neither
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 der nor the contractor wants 1o see their new structure col~
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lapse or deterioratc at an early stage, and without a Standard Specifi-

cation to refer to, it becomes 2 question of tradition and ecconomy how

4

good concrete that will go into the structure.

However, with a rational approach and a little knowledge of con-
crete uuGJJGIOgy thre contractor will be in a better position to predict
“the gua l ty of the concrete he is making, and it is this technique .that

is &escribed here.

ntrol on. concrote.

 BLEMENTARY M .DESIGN m“CHNI

To enmsurc a good guality concrete, there are a number of factors
“to comsider:

1, Tater—cement ra tio, w/c

2. Cement cowteﬁt kg/m

%. Compaction (handtamp or vibrate)

L, Coundness of aggregates ané gruln dlstrlbutlen

e iual v of cement (type)

6. Mixing
7+ Curing condition.
These seven are some of the most important.

Ls the init ial gtage of making concrete, that is designing the mix,

there ere usually two demands to comply with:

resh concrete (slump in ecm)

£
£ the hardened concrete (kg/cm )



CONSISTENCY
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ze consisteancy is mainly dependent on the amount of water added—
more water resulis in _softer and more easily workable concrete, but un-
fortunately extra water will also result in lower strength unless we
add extra cement at the same time.' Since cement is costly, we want o
minimize the cement cont@at; amd we will therefore also have to minimize
the water content.

The amount of water necded to give a certain consistency depends

T
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almost only on the grain gize digstribution of the sand and the shape of
the grains. GSand with o high percentage of large grains with a round
shape and a smooth gvrface will need legs water than aggrbgate with

. ¥
fewer large grains of a flat or angular shape and a rough surface.

The pogsibilitics for manipulating the grain size distribution of
the gand to reduce the necessary awmount of water are usually limited 4o
ent sands. Sieving and remeving or adding

certain fractions are msvally too expensive operations.

I+t ig however nece ary to have abhout 1%-17% material Pa591nh the
0.125 mo gieve (1 weluding the cement}, otherwvige the fresh conmcrete will.
not have sufficient echesion and it will have a tendeney to "separate’:
when poured out of the nixer or into the mould. Only when the cenment
content reaches about %GO ﬁg/ﬂj,‘will the cement alone congtitute 17%.
It is therefore important when making concretes with low cement content
to have enough fine material in the sand. It is also easier to compact

T

a concrete whlch hag enough fine material.

Sowe reduction of the water can be achieved by adding a small per-
comzercially sold as "plasticizers". They should
d the uonufacturer's ingtructions must be followed

be used with ca

1
*
minute;y, 81qce ctherwise they can do more harm than good.

The size of the stones should always be chosen as large .as possi-
ple. Dut also here limits are set by the distance between the sideg of
the mould and the spoacing ¢f the reinforcement. A choice of the mogt

suitable maximum groin siZe can be obtained from Table 1.
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. TABLE 1. MAXTMUM GRAIN SIZE FOR VARICUS STRUCTURES

~

Smallest dimension Unreinforced . Medium Heavily
of the structure > T reinforced reinforced’
em {mm) _ (mm) : (mm)
5.5 16 - 32 16 - 32 8- 16
15 = 3¢ ) 32 - oL 16 - 32 16 - 32
%0 - 75 » 6k, o 32 . 64 32

The anmount of sand to be added te the stones to achieve a good
grain sige distribution depends on the biggest grain sizme used ond the

method of compacting the conerete in the mould, see Table 2.

TABLE 2. PERCENTAGE OF SAND (SMALLER THAN 4 MM) IN AGGREGATE

Maximum gfain size in mm 8 16 32 obh
Placing by hand tamping - 65% . 50% Loy 35%

Placing by vibrating : 60% " b5y 35% 30%

The grain sige 4i
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sﬁdoth nd ?referaaly fall within the limit of' the two curves a and b
in Figgre 1. The grain sime of the stones is less important, but it
should not be too uniforé. The curve d is an example of a good combina~

tion of gand and gione.
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Figure 1. Grain size distribution for concrete sand and

mixed aggregates.

Test have been made in +the 1ab6raf0ry,%0 establish the relation
between water content and slum@ for concrete made wi@h‘camm@n aggregates
available in Bangkok. 'The grain siée was &istrihuted as curve e in
Figure 1 (65% crushed limestore, maximum grain size 30 mm and 35% con-
struétion’sand) Thls relation is given in Figure 2, and it can bhe used
.a8 a guideline when dlSlgnlng concrete wix with such materials. Users
should plot their own results on the graph and adjust the line to suit

their own experience, when enough results have accumulated.



210
200
190
180
170
160

140
120

. 110

100

WATER CONTENT OF ONE M’ OF CONCRETE, litres

220

150

130

—
- e
—f””" '
| -
LT ’
RN | ~ ,
o 12 3 4 5 6 7 8 9 10 15
SLUMP, cm

Figure 2, .Water content in relation to plasticity measured .

by slﬁmp‘cone.‘;

Concrete with a low cement content and a'high water content may

’haveia tendency fp gather water on the surface gnd inside the concrete

’ beneath the bigger stones. It is especially‘the case when the sand has

a low content of filler —Q‘the very“fine'particles.' This is called

"bleeding" and should be avoided by either reducimg“the water content

or adding filler, such as flyfash'or fine ground silica sand.



stency has a Surong 1ﬂf1ueqc» on the ability of concrete
to £ill the uo‘13 well and eliminate its air content. It should there—
fore be adjusted to the type of construction in quesﬁion'and the nethod
t

ione. Table 3 may be used as a guideline.

TABLE 3. AXIMUM SLUMP FOR VARIOUS. LOADBEARING BUILDING COMPCNENTS

3 Handtamped concrete Vibrated concrete

Thin heavily reinforeced. ‘
- walls, beams,.cr columns 15 ecm S 8 cm

151abs, beams, and rein- _
forced walls 12 cm . ) 5 enm

Thick unreinforced walls »
or foundations 1C onm ) 5 em

Large unreinforced bodies 8 cm . S5 cm

. . . . : e s i
L certain apount of air will always rewmein in the concrete, even
with a very thorough compaction. By vibrating the.concrete, it is pos-

ible to drive eut more of the air entrained by the mixing than by

8 r
tonping by Gand. An astimate'of the remaining air can be obtained frow
my

TABLE 4, MATURAL LIR CuNmENT IN LITRES PER Mj PLACED CONCRETE

) >
i

Size of largest stones in mm: 8 . 16 32 oL
" Placed by tamping | a 30 25 20 15
Placed by vibrating 20 15 10 5.

DUELBTILITY AND oTRbNGTH

£ o durable aﬁd woterproof concrete is desired, certain linmits

t nt rotic and cement content has to be observed. First:

the cement paste itself {(ecement + water)‘must'be~waterproof, and ex-
hown that_thig is the case, when the water—cement rdtio

does not exceaed 0.55 for P iand cenent aqd 0.85 for rapid:? ardenlng
e

‘Becond, there must be enough cement paste to fill the cavities
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pending on the means of compaction. Tae‘volume of cavities in per ceunt,

)
can be bound by first determining the bulk specific gravity of the well
: G

nixed and coupacted agzregates, G, and ingert in the formula:
_ G
open volume in % = 100(1 - 5 65)
L]



Thig open volume us sually anounts o 29~25%; The density of rost
ents is 3.1 kg/l. Ve can now determine the wininunm quantity of ce-.
ment necegsary for making a dura%ie and dense concrete:
Jper wolune : 20% or 200 litrés/m3
Cgﬁéat paste {cement + water) : 200 litre + 10% = 220 litres

ater/ceLeﬂﬂ ratic 3 0.65

+ cenent x 0.65 =.220 litres

220

S o
—— ' 287 kg cement/m) concrete

pranarruli OQOJ

g ig equi algnt to 4% bags cement. per m3 concrete, or the well
o ' '

Experinents have ghown that for o given type of cement, compaction

and curing conditicns, only the woter-cement ratio w1ll influence the

coupressive strengih. This relationship ecan, within the linitg 0;35\
¢w/e {1, be expressed as:

compressive strength = R(—7— 0.5)
where X is o constant depending on the type of cenent, tme shape of the

gpecineng used in uGSulqb and how they are cured

Figure B'SKOWS an example of the relationship between compressive

1

strength and the woter-cenent raotio for both Portland cement (Type I)
and rapid hardeniag C@Luﬂ+ (Tyme III}. The two curves are based on
1% = 15 =% 158 en cubes, cured in water for 28 days for Type I and for

14 days for Type III.

AGHE AND CURING

he strenpgth of conorete increases fast Quring the first days,
espeeially when the water-cement ratio is low, ond it keeps increasing
for a long period of time if only the neécessary water is available.

Porticularly durldg the first two weeks it is very inportant that

L

the coumerete is kept web; if not, the final strength ray e as low as
30% of what proper curlmg would havel given.
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Figﬁre 3.

Example of relationship between .compressgive strength
of concrete cubes (15 x.15 x 15 cm) and water/cement ratio.

Top: Pprtland cemgnt. Bottom: Rapid hardenlng cement .



Rapid hardening cement ,’g'ains about. 2/")’% of its final strength already
after one week and is therefore used where an early removal of formwork

is important. (See Figure k.)
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Figure 4. DéVelopment of strength in concrete during

the first two. months.

SHAPE OF SPECIMENS FOR TESTING STRENGTH

Cubes of different sizes are used for testing the compressive
strength and cylinder shaped spécimens are also common. " The most fre-
quent types of specimens are: ’

bubes; 20 x 20 x 20 cm
Cubes: 15 x 15 x 15 cm
Cylinder: diameter: 15 cm, height: 30 cm
The same doncrete will give different résults depending on the

shape of the specimen.

10



Figure 5 shows how small sized cubes have a higher compressive
strength than larger ones., It ‘should be noted that small cubes usually

show more varlatlon of the results than the larger.

120%

1 110%

100%

3
K

&

O

10 20 30 40

RELATIVE COMPRESSIVE STRENGTH, %

SIDE LENGTH OF CUBE, cm -

Figure 5. Influence of the cube size

on the compressive strength.

When éomparing results‘obtained by 20 em cubes to 15/30 cm cylin-
ders, it can be assumed that a cyllnder will show 80% of the strength

of a cube.

MIX PROPORTIONS

Whenever possible the material compenents of concrete should be
measured by weight, and establishing their individual prbportions for

a trial mix may be .done in the following manner :

1. The hﬁter/cement ratio is fixed with regard to strength and

durability (Figure 3).

2. The Workablllty is chosen depending oan the ‘type of construc-

tion and the means ava11ab1e for compacting the concrete (Table 3).

3. Maximum stone size is determined by the dimensions of the

construction and the spacing of the reinforcement (Table 1).

11



b, The perdsfitage of gand must suit the choseh stone size and the
workability (Table 2): - \

5. The water content iS‘estimatéds The water necessary to give

a. certain workability depends on the grain 5129 dlstrlbutlon of the sand

and its grain shape (Figure 2).

The proporiions are them calculated as in the example below. It
should however be expected that some adjustment will be necessary after

4 trial mix has been made and also during the construction period.

EXAMPLE

- Let us assume we need a concrete with an average compressive
. ; s - g . L ; '
strength of 300 kg/cm ‘tested by cylinders, wet cured for 28 days. I
is to he used for 15 cm floor slabs and beams.

Portland cement Type I can be used as well as rapid hardening ce-
ment Type III. '

Ho vibrators are available.

s L ’ . 1 / 2 B - . .
1, w/c ratios A 300 kgfem  cylinder strength is asked. To con-

vert this %9 15 cm cubeg, used in Figure 3, we use Figure 5 and the

uyllq&ﬂr sureﬂguw = 300 kg/cm2

20 cm ecube strength = ggg = 375 kg/cmz
4
15 ¢m cube streqéth = 4251%5192 = 394 kg/cmg

Figure 3 then shows that if Portland cement (Type f)‘is used,
w/e = 0.5 will give the reguired strength, and if rapid hardening ce-

ment (Type IIl} is used, w/c = 0.77 is sufficient.

2., ¥

orknbilitvy (slump) should, for the given conditions, be about
12 cm {Tabl | S

e 3

-

S U

3 In Table 1 we find that the stones should not be bigger than
16 mm for a medium reinforced lﬁ—cm floor slab.

7

L, The sand should then, accordlng to Table 2, constitute 50% of

3

the total sand and "fo ne mix.

12



o ‘
5, With a water content of 185 litres/m” we can expect a slump of

about 12 cm {Figure 2). If the slump of the trial mix is &ifferént from
this, we will have to adjust the water content by either adding or sub-
tfacting % litres of water per cm slump. For example if the slump is

14 om, we will instesd use 105 - (2 x 3) = 179 litres/m’.

¥

We decide to use Type LII cement as it gives us the lowest cement
éonsumption and the w/e = (.77 ig¢ less than 0.85 which is the upper

limit, when a dense and durable conecrete is desired.

TLBLE 5. EXAMPLE OF 4 MIX CALCULATION

Density Amount per m3 concrete
Material . : ' -
' (ke/1) | (kg) (litres)
Water 1.0 | : 83 - 188
Air : d a5 : 0 25
-~ i -~ ’ -"-’m»:;
Cement, w/c = 8. 77 3.1 - e ’ . 240 ’ “’f"‘ = ',/"’
i . 0'77 - 21
W+ A +C= . q425 287
"Sand + Stones = . C .65 7732 x 2.65 = /1S90 73
sand : 50 % -l 2465 45
Stones: SO /o . - 2.65 045
Total ' ’ . 23/5 1000
Thig calculatior assumeg that both sand and gtones are dry, but

ain gome water. If the stones are dry but the
gand containg for example 5% water, in this case 945 x 0.05 = 47 litres,
of
X

we must tale 17 kg extra of sand when preparing the mix and only add

et
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r. The water content of the sand should
therefore be checked ragularly as a surpluas of water will reduce the
gtrength of the concrete considerably. In this case 47 litres of extra

: v = . L 185 4+ 47,
water would resulit in a w/c — ratio of —~12&0’7

L. 2 . . - . . '
of 205 zg/cm ; a reduction of almost 50%. . By measuring the slump of

a 0.97 and a strength

every babtch, we get a warning of changes in the water content before

it is too late.

13



The mix hﬁs been calculated for dne cubic metre, but the mixer may
not kold mowre th ﬂﬂ‘ half o cudic metrc, 1ndlc tlng that we only use half
of the lculabed amounts. This means we ghould use 120 kg cement for
eachvbatch, tet as a bag of cement contains 50 kg, it is more practical
to adiust the omounts in suech 5 way that in each bateh we ean use twe

wkole bags of cement.

Cement s 100 kg

[
g;
ay
[}

il

1380
240
1 100
i 250
139
2490

2
TJater: (125 - &7) x 57 litres

Gand: L1% kg

o~
o
s
+
=
]
|4

13

Stones . oLy x %9k kg

BATCHING BY VOLUME

For minor constructlo“ or repair works, where economical use of

materiales is less he omounts of sand, stone, cement, and

ot
&

g
o
51
-
%)
i)
€

.
e

water arce often measured by volume in proportions that expevience has

hown are suitakle for particular jobs.' However, the proportions only

CQ

2

efer to the cement, the sond, and the stone. ‘For example 1:3%:5 men

4

one volume cement to three volume Buﬂd to five volume stonxs, but as

By

we hove just seen tqe unfa%aurable effect of too much water, it is ime

portant to Znow how much can sazety be added. Table 6 therefore gives

he guantities of materials for four common proportions and their usual

1L
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