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SYNOPSIS

.Cement concrete is one of the important materials in Civil
Engine‘ering works. The strength of the concrete mix varies
according to the ratio of the ingredients used and water cement
ratio. The public do not know the importance of mix design in the
quality control of concrete. There will be a definite advantage of
designed mixes are adopted as against nominal mixes. In this
investigation the aim is evaluate the reliability of the different

methods of mix design.

In this 1investigation four methods are considered for

analysis and their reliability compared. These methods are :-

1. Indian standard code method for mix design (IS 10262-1982).
2. American concrete institute method (ACI)

3. Road note No. 4 method.

4. Dr.Alexander method.

In each method two different workabilities are used and
mixes designed for three water cement ratios, namely 0.4, 0.55
and 0.7. The coarse aggregate is of size 20 mm for the entire
investigation. The materials are tested and their properties are

considered for the design of various mixes.



Totally 96 cubes are cast and tested in compression after 28

days of curing.

The percentage error between the predicted value and the

actual strength as calculated and presented in each case.

Excepting the A.C.I.Method all the other three methods are

satisfactory for the purpose of design of mixes.
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CHAPTER - 1

INTRODUCTION

1. SIGNIFICANCE OF CONCRETE

Concrete is one of the most useful and important structural
material since the beginning of the twentieth century. The concrete
is used in the building for foundations, lintels, beams, columns
and roof slabs etc. and it can be moulded into anv shape. It has
the unique distinction of being the only construction material
actually manufactured at the site. Concrete requires careful
proportioning of cement, sand, jelly and water . With good work
manship and proper curing expected strength of the concrete can

be obtained.

Mix Design

It can be defined as the process of selecting suitable
ingredients of concrete and their proportions with the obiject of
producing concrete of the expected strength and durability as
economically as possible. Two aspects are important - One the
strength of concrete and the other is cost of construction. The
cost of concrete is due to material cost and the cost of labour.
Since the cost of cement is comparitively more, attention is mainly

directed to the use of minimum quantity of cement without affecting



the required strength.Workability of the concrete mass is obtained
by the lubricating effect of the paste and is influenced by the
amount of water. Permeability of concrete is governed by the
quality and quantity of the paste. The more dilute the paste, the
greater the spacing between cement particles, and thus the weaker
will be the ultimate paste structure. For workable mixes, the
strength of concrete varies as an inverse function of the water

cement ratio.

Methods available for proportioning of concrete mixes

1. The minimum void method

2. Fullers maximum density method

3. Tablot - Richard method

4. Abram's fineness modulus method
5. American concrete institute method
6. Road note No 4 method

7. 1.S5.Code method

8. Dr.Alexander method
Evolution of mix design
The terms workability, mix proportions, compaction etc

which influence the strength and durability are of recent times. It

is noted that the strength of concrete increased with increase in
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cement content and with good compaction. It was also thought that
water was required only to make the concrete more plastic for
easy workmanship and compaction. It was thought that the use of
aggregate having less voids result in stronger concrete. Some of
the earlier methods from item (1) to item (4) of mix design are
based on the principles of minimum voids. The more recent A.C.I.
method,Raad Note No.4 method and I1.S.Code methods are based on

W/C ratio.

consideration of workability/ But even these methods do not

elimnate casting of trial mixes.

But the recent analytical method, of mix design developed
by Dr.Alexander taking into account all factors, which influence
the properties of concrete is capable of eliminating the casting
trial mixes. This method 1is suitable for computerisation. Four
important methods are taken for analysis and evaluation of their

performance.

1. I1.S.Code (10262 - 1982) method
2. A.C.I. Method
3. Road Note No 4 method

4. Dr.Alexander method
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CHAPTER - 2

MIX DESIGN - GENERAL

The theory of brief description of the different methods of

mix design as follows.

1.

(a)

(b)

(c)

(d)

INDIAN STANDARD MIX DESIGN (IS 10262-1982)

For any particular mean strength the water cement ratio is

determined from the Fig. 1.

-The air content is estimated from table 3 for the maximum

size of aggregate used.

The water content and percentage of sand in total aggregate

by absolute volume are selected from tables 4 and 5 for

medium and high strength concrete respectively for the
following standard reference conditions.

(1) Crushed (Regular) Coarse aggregate.

(2)  Fine aggregate consisting of natural sand confirming to
grading zone II of table 4 1I1.S. 383-1970 (13), in
natural surface dry condition.

(3)  Water cement ratio of 0.6 and 0.35 for medium and
high strength concretes respectively.

(4)  Workability corresponding to compacting factor 0.8.

For other conditions of workability, water cement ratio,

grading zone of fine aggregate and for rounded aggregates,
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adjustments in water content and percentage of sand in total
aggregates are made as per table 6.

(e) The cement content is calculated from the water cement ratio
and the final water content arrived after adjustment.

(£) With the quantities of water and cement per unit volume of
concrete and the percentage of sand in the total aggregate
already determined, the coarse and fine aggregate content
per unit volumes of concrete are calculated from the
following equation.

V = (W + £ + a

L
5. P X5

) X 15050

C 1 Ca 1
) x

Vs W g gy X g 1000

ca

where
V = Absolute volume of fresh concrete
S = Specific gravity of cement

= Mass of water in Kg/m3 of concrete

Mass of cement in Kg/m3 of concrete

lav) (@] =
1]

= Ratio of fine aggregate to total aggregate by
absolute volume.
£, C = Total masses of fine and coarse aggregate in
Kg/m3 of concrete respectively.
S = Specific gravity of saturated surface dry fine

aggregate and coarse aggregate respectively.



(a)

(b)

(c)

(d)

(e)

(£)

(g)

(a)

(b)

AMERICAN CONCRETE INSTITUTE - MIX DESIGN

The water cement ratio, is selected for the required mean 28
days compressive strength from tables.

The water content is selected from tables, for the desired
slump and maximum size of coarse aggregate.

The cement content is calculated from the water content and
the water cement ratio.

The coarse aggregate content is estimated from the tables
with reference to the maximum size of the coarse aggregate
and the fineness modulus of fine aggregate.

The total weight of fresh concrete is taken from tables with
reference to the max.size of coarse aggregate.

The fine aggregate content is determined by subracting the
sum of the weight of coarse aggregate, cement and water from
the total weight of fresh concrete.

Finally the proportion of the mix is calculated by comparing

weights of cement, fine aggregate and coarse aggregate.

ROAD NOTE NO.4 METHOD

Aggregate cement ratio is taken from table 11-13 considering
the water cement ratio and workability.
The water cement ratio is based on the 28 days

strength.



(c) The fineness modulus of combined aggregate is determined
from curve 1 of graph 1.

(d) The fine aggregate and the coarse aggregate are combined in
a suitable proportion to get the desired overall fineness
modulus.

(e) Knowing the total aggregate cement ratio, the actual ratio of
fine aggregate and coarse aggregate can be determined to

with respect to cement content.

4. Dr.ALEXANDER METHOD

This method of mix design is better than the other methods
because it takes into account many parameters and giving the some
what accurate results. It is an analytical method involving the use
of number of semi-emphirical formulas. It leads direct solutions
not requiring casting of trial mixes. This method takes into account
properties of fresh concrete as well as hardened concrete and
helps to evolve mix proportions in a systematic manner and is

easily solved by the computer.

The following factors are consider for design

(a) Degree of consistency

(b) Softness

(c) Interspace



(d) Water cement ratio

(e) Harshness

(f)  Wall effect

(g) Cement content

(h) Aggregate mortar ratio

(i) Mortar cement ratio
a)  Degree of Consistency (X)

This is an important property of fresh concrete which
determines the method of placement of concrete. The standard

consistency and degree of consistency are defined as follows.
Standard Consistency

A mix is said to be of standard consistency when the water
used in the mix is just sufficient to make a standard paste of the
cement used in addition to wetting the aggregates. This type of

mix is suitable for compaction by needle vibrator.

Degree of Consistency (K)
It is the ratio of the water actually used in & mix of given
proportions to that required for a mix of standard consistency

having the same proportion. It varies from 0.7 to 1.3 covering the



entire range of practical mixes from semi dry mixes to mixes of

flowing consistency.

(b) Softness

It is the amount of extra mortar in the mix over and above

that required to fill the voids in the coarse aggregate.

(c) Interspace (t)

It is the minimum clear distance between adjacent particles
of coarse aggregate which is termed as Interspace (t) and controls
the cement of softness of mix. The standard interspace is taken as

1 mm for standard consistency.

(d) Water Cement Ratio

This will affect the strength of concrete. A well detfined
relationship between the strength and water cement ratio can be
obtained only when the degree of workability is maintained

constant.

(e) Harshness (h)

It is the complement of softness and refers to the proportion

of rodded bulk volume of coarse aggregate in a given mix.
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(f) Wall Effect

The quantity of mortar required to fill the space between
the wall of the mould and the coarse aggregate particles is
greater than that required in the interior of the mass. The extra
mortar required at the surface is provided for by taking into
consideration the surface volume ratio (r) of the mould and
suitable shape factors Pi and PS vwhere Pi is solid proportion at
the interior and PS is solid proportion at the surface of coarse

aggregate.

(g) Cement Content (Q)

Cement is an important ingredients of the concrete. The
strength depends upon the cement content in the concrete. Higher
cement content generally lends to higher strength and lower

permeability.

(h) Aggregate mortar ratio (A)

It is the ratio of volume of coarse aggregate to the volume

of mortar in a given mix.
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(i) Mortar Cement Ratio (M)

It is the ratio of volume of the mortar to the volume of

cement in a given mix.

After considering all the above parameters finally the

proportion of the concrete mix by weight is determined.

The actual method of mix design is as given in the example

given in Chapter - 4.
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CHAPTER - 3

LABORATORY TESTS ON MATERIALS

For this analysis the following materials are used.

1. CEMENT

Sanker brand ordinary portland cement available in the
laboratory was used for this investigation. The cement was fresh
and packed in plastic bags of 50 kg capacity. The normal
consistency of the cement was 0.3 and the specific gravity was

3.15 (assumed).

The sand used for this work is collected from Noyyal river
which is 25 km from P.S.G.College of Technology. it is taken for
tests in over dry condition and sieved through I.S.Sieve No. 480.
The different propertics of the fine aggregate was determined by
experiments conducted in the laboratory. The experiments are as

follows.

a) Specific Gravity of Sand

1. Weight of empty pycometer = 622 gms

12
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2. Weight of pycnometer + dry sand = 1086 gms
3. Weight of pychometer + sand + water= 1806.5 gms
4. Weight of pycnometer + water = 1520 gms

Weight of sand =

Weight of equal volume of water =

1]

Specific gravity of sand

b) Bulk Density of Sand

I

Weight of Emply Cylinder

il

Weight of cylinder + water
Weight of cylinder + compacted
Sand (3 layer of each

25 blows) =

Volume of water =

Bulk density of sand

i

Compact bulk density of sand

1086 - 622

464 gms

(1520 - 622) -(1806.5 - 10.86)
898 - 720.5

177.5

1.9 kg

3.74 kg

1.92 kg
3.74 - 1.9

1.84

4.92 - 1.9

1.84

1.64 gms/cc

1640 Kg/m>



(c) Fineness Modulus of Sand

14

3. COARSE AGGREGATE

Sieve Weight Percentage of Cumulative Percentage
Size Retained Weight retained of retained
480 9.50 1.9 1.9
240 8.50 1.7 5.6
170 45.50 9.1 12.7
60 174.0 34.8 47.5
30 158.5 31.7 7¢.2
15 89 17.8 97.0
Total 241.9
Weight of Sand taken for test = 500 gms
Fineness modulus = 241%(.)9 = 2.419

20 mm mean size blue metal coarse aggregate is used for the

tests.

Coimbatore and stored in the laboratory.

hard, durable and used

The

20 mm

jelly was collected

from local quorry near

The coarse aggregate is

In an over dry condition. The different

properties were determined in the laboratory.
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(a) Specific Gravity of Coarse Aggregate

1. Weight of empty pycnometer = 022 gms
2. Weight of pycnometer + C.A = 1062 gms
3. Weight of pycnometer + waer = 1519 gms
Weight of coarse aggregate = 1062 - 622
= 440 gms
Weight of water = 1519 - 622
= 897 gms
= 180z - 1062
= 740 gms
Special Gravity = @ﬁ% = 7.803 gms

(b) Bulk Density of Coarse Aggregate

1. Weight of empty cylinder = 1.88 kg
2. Weight of cylinder + coarse aggregate
(added 3 layers and 25 blows) = 5.02 kg
3. Weight of cylinder + water = 3.78 Kg
Weight of coarse aggregate = 5.02 - 1.88
= 3.14 kg
Equivalent volume of C.A. = 3.78 - 1.88
= 1.9 kg
Dry density = _31_19A = 1.653 gm/cc

- 1653 Kg/m>
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Normal Consistency test on cement

Weight of cement taken 500 gms

- Quantity of Water
Weight of Cement added Penetration
S.No. taken Ind Remarks
(oms) ndex
& % gms
1 500 28 140 2 -
2 500 30 150 39 -
3 500 29 145 34 Correct

The percentage of water required for obtaining cement paste

of standard consistency : 29%.
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CHAPTER - 4

CALCULATION OF MATERIAL REQUIREMENT

I. 1.S.CODE METHOD

Data

1. Water Cement Ratio

2. Workability

3. Maximum size of aggregate

4. Degree of Quality Control

5. Specific Gravity of Cement

6. Specific Gravity of Fine Aggregate

7. Specific Gravity of Coarse Aggregate
8. Grading of F.A.Zone

9. Bulk Density of Cement

10. +Bulk Density of Sand

11.  Bulk Density of Coarse Aggregate

Considering Water Cement Ratio 0.4

From Fig. I. of 1.5.10262
2

i

determined 37 N/mm

17

1982

0.4

0.8

20 mm
Good

3.15

2.614
2.803

111

1440 Kg/m°
1640 Kg/m®

1650 Kg/cm®

target strength

was



18

Selection of Water and Sand Contents

Above M35 - From Table 5 for 20 mm nominal mix size

aggregate and conforming to grade zone III.

Water content/m3 of concrete : 180 Kgs. Sand as percent of

total aggregate by absolute volume 25 percent.

Corrections are as follows
Refering table 6
For sand corresponding to zone III

Correction - 1.5 percent + 1 percent

- 0.5 percent

25 - 0.5

Required sand content

24.5 percent

From Table 3

Air content for nominal 20 mm maximum size of aggregate : 2
percent of volume.
Water cement : 180 kg

Determination of cement content for W/C ratio 0.4

_ 180 .
Cement T - 450 Kg

!



Determination of Coarse Aggregate and Fine Aggregate

Fine Aggregate

19

f

C 1 a 1
\Y = W+ =2 +=x =)
5. " p XS’ 1000
450 1 £y 1
0.98 = (180 + =53 + 47205 * 27614’ X 1000
0.98 =  0.18 + 0.1429 + 0.00156 f_
0.6571 =  0.001627 f,
£ = 421 Kg
Coarse Aggregate
c
_ £ 1 a1
Vo= W5+ 3773 X35 ) To00
C ca
0.98 = (180 +-20 . 1 X Ca) L
' = 5.15 * (1 - 0.245) X 2.803’ 1000
= 0.18 + 0.1429 + 0.0004725 C,,
C, = 1390 Kg

Mix proportion by weight for 1 m> of concrete

Water Cement F.A. C.A.
180 450 421 1390
0.4 1 0.935 3.09
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Materials required for 4 cubes

150 mm x 150 mm x 150 mm

Cube : Standard Size of Specimen

Volume = (0.15)3

= 0.003375 m>

Cement 0.003375 x 450 x 4
= 6.075 Kg

Fine Aggregate = 0.003375 x 421 x 4
= 5.68 Kg

Coarse Aggregate = 0.003375 x 139C x 4
= 18.76 Kg

Water = 0.003375 x 180 x 4

= 2.43 Kg

The same procedure of calculation is worked out for water
cement ratio 0.55 and 0.7. The materials required for casting of

cubes are tabulated.

And also calculated the quantity of material required for
casting cubes of workability corresponding to compaction factor of
0.9 and the water cement ratio of 0.5, 0.55 and 0.7. The values

are tabulated as shown.
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3.2 Estimation of Air Content — Approximate amount of entrapped air
to be expected in normal { non-air-entrained ) concreteis given in Table 3.

TABLE3 APPROXIMATE AIR COMTENT

Nomiear Maxinox Sizs Extrarern Ar, 28 Pencrntion

O¥ AGGNREGATE _ or Voruvme or Concarre
muLy . . o
10 3-0
20 S 20

49 v ' 1-0

>
3.3 Seleciion sf Watéf Content 'f‘xk‘nd’ Fine to _T_g)m] Aggruynte ‘Rati‘q

3.3.1 For the desired workability, the quantity of mixing water per unit
volume of concrete and the ratio of fine aggregate to total ageregate by
absolute volume are to be estimated from Tables 4 or 5 as applicable
depending upon the nominal maximum size and type of aggregates.

14

TABLE ¢ APPROXIMATE §AND AND WATER CONTENTS PER CUBIC
' METRE OF CONCRETE FOR GRADES UPTO M 33

Nomn‘)\r{ Max_umm Wartrr CoNTrxT®, PrR Saxm at Pencxxt oy
Size o7 AcanroaTte Conic Mrtre or Concrrre Torar AoauroaTx ny
mm kg Apsoiure Voloun
10 208 : 40
20 186 33

40 - 165 30

*Water content corresponding to satirated surface dry aggregate,

TABLES APPROXIMATES -\D AND WATER CONTENTS PER CUBIC
METRF OF CONCIH“TE FOR GRADES ABOVE M 33

C(Clauses 3.3.1,3.3.3,3.3. 4 and Tetle 6

NoyivarL Maxion Water CoxreNe®, pen SanD A8 Pracest oF
Size uy AcaneaaTe Conte Metnr or Concners Totat Ananroars Ay
mm . kg Arsacutre Vocous
10 200 ' 29
20 180 23

*Water content corresponding to saturated surface dry aggregate.

24
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1.3.2 ‘I'ahkle 4 is to be used for concretes grade up to M 35 and ts based
on ti.c Mllowing conditions: :
a)

Crached (angular) coarsc aggregate, conforming to IS: 383-

19707, :
b) Tine aggregate consisting of patural sand conforming to grading
zone 11 of ‘Table 4 of 1§ 383-1970%, : S

¢) Watcr-cement ratio of ¢ 6 { by mass ), and

d) Werkability corresponding o compacting factor of 0-80.

3.2.3 Tabis 5 s to He used for concretes of grades above M 35 and is
based on the following conditions: :

a) Crustied (anguler) coarse aggregate conforming to IS: 383-

1970,
b) Fine aggregate consisting of natural sand conforming to gradiog
zone 11 of Table 4 of 1S: 383-1970%,

¢} Water-cemént ratio of 0 35 (by mass ), and

d) Werkalility correspending to compacting factor of 0-80.

1.3.4 For other conditions of workability, water-cement ratio, grading
of fins agpregats, and for reanded aggregates, certain adjustments in the
quantity of miving water 2nd fine to tc...l aggregate ratio given in Tables 4
and 5 are to be made, according to Table 6.

Nati — Agrregates should be ured in saturated surface dry ( SSD') condition.
CIf othirrwise, wien camnuting thie requirement of mixing water, allawance shall be |

tmale for the free { sarfaca ) meisture coutributrd by the fine and coarse aggrefatet.
The amount of mixing water obtaiacd from Tables 4 and 5 shall be reduced by aa
amnuant eq-il to the fre- maistare ceoiributed by the course and fine aggregatet
On the otle- Land, if the apgregates are dry, the amount of mixing water should be
ircreased by 2n amoint egual to the maictere likely to be absorbed by the aggre-
gates. The sneface water and percent water 2bscrption of aggregates shail be deter-
mined according to 1512365 ( Pare 11 }-1883¢.

7.4 Calculatica of Cement Coritent — The cement content per unit
volume of eoncrete may Le caleeiated frem the free water-cement ratio
{ see 3.1 and 3.1.1 ) a - 1 the quantity of water per unit valume of concrete
(1e¢ 3.3.1 ). - -
) - . .
The cement content 50 calculated shall be checked against the

minimum cement content for e requircments of durability and the
greater of the two valuzs adopted
[

*Specification far coarse asnd fine cggregates from natura! sucrces for concrete ( secord
yeertionr Voo ° )

Fafcthade ol tet for n3p-egates for concrete : Pant 111 Specifi= gravity, density, veids,
abscrption and bulkis - v : : -



TABLE§ ADJU‘ST\H NT OF VALUES IN WATER CONTENT A‘\D
! SAND PEXCENTAGE FOR OTIHER CONDITIONS

( Clauses 3.3.4 and 4.1)

Cnaxar 11 Coxnrtion StirvrraTep

Aprustyext Rrquines w
yor TAnrLes 4 anp 5

e e e A e

Water Content Percent, Sand in Total
. Aggregate
(1) ) (2) 3

For sand c01furmmg to gradmg 0 415 percent for 7Zone ¥
. Zone 1, Zone HI or Zone IV of — 15 pvrc'*'\t for Zone 111

Table 1 of IS : 383:1970* — 3:0 percent for Zone 1V
Increase or decrease in the valde cf -2 neroeg? 0 ~

compacting factor by 0-1 _ . , .
Each 005 increase or decrease in 0 i ! percen
~ free water-cement ratio

|For rounded aggregate — 15kg/m? © — 7 percent

_*Specification fur coarse and fine aggregates from ratural so'rces for concrete ( second
reviinm ), . .

3.5 Cnlcufation af Aggreg ate 'Confent

3.5.1 With the quantities of water and cement per unit volume of con-
crete and the ratio of fine to total ageregate already determined, the total

ageregate content per unit volume of concrete may be calculated from the
following equations:

1 fa 1
=[W+-—— +—;—. TS—“:]X MlOOU’aud
V“[”’*“*" O‘] 1000 )

where

V' = absolute volumeé of fresh concrete, which is tqml 10 gross
volume (.m?% ) v inus the volume of entrapped air,

W = mass of water ( g ) per m? of concrete,
C = mass of cement ( kg ) per m3 of concrete,

So = specifie gravity of cement,

volume, -

Ja, ¢a = total masies of fine agaregate and enarge aguregate (kg)
per md of concrets respectively, and

Stay Sca = specific gravities of saturated wurface dry fine aggregate and
p gra: : : Y Bgreg
© coarse aggregate respectively,

P = ratio of fine agyregate to total aggregate by ahsolute -
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II. AMERICAN CONCRETE INSTITUTE METHOD
(ACI METHOD)

Data Collected

1. Workability

2. Water Cement Ratio

3. Maximum size of Coarse Aggregate
4. Specific Gravity of Cement

5. Specific Gravity of Fine Aggregate
6. Specific Gravity of Coarse Aggregate
7. Fineness Modulus of Fine Aggregate
8. Bulk Density of Cement

9. Bulk Density of Coarse Aggregate

10.  Bulk Density of Fine Aggregate

Determination of Water

From Table 3 for 20 mm maximum Size

and the low workability of slump 3 to 5 cm.

Amount of Water

Using the water cement ratio the requirement
of cement

Cement

low
(Slump 3 to 5)

0.4

20 mm

2.419

3
1440 Kg/m
1650 Kg/m®

1640 Kg/m3

of Coarse Aggregate

185 kg

=
oo
ol

[e)
£

462.5 Kg
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Determination of Coarse Aggregate

The volume of Coarse Aggregate is determined for the

fineness modulus of Fine Aggregate 2.419 and the maximum size of

Coarse Aggregate of 20 mm from the Table 4.

Volume of Coarse Aggregate = 0.658 m3
Weight of Coarse Aggregate = 0.658 x 1650
= 1085.7 Kg

From Table 5, weight of fresh concrete when maximum size

of coarse aggregate of 20 mm used.

Weight of concrete 2355 Kg
Determination of Fine Aggregate

Weight of Fine Aggregate 2355 - (1085.7 + 462.5 + 185)

"

Fine Aggregate 621.8 Kg

Mix Proportion by Weight for 1 m3 of concrete

Water Cement Fine Aggregate Coarse Aggregate
185 462.5 621.8 1085.7

0.4 1 1.344 2.347
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Material Required for 4 cubes

Cement = 0.003375 x 462.5Xx4
= 6.244 Kg

Fine Aggregate = 0.003375 x 4 x 621.8
= 8.394 Kg

Coarse Aggregate = 0.003374 x 4 x 1085.7
= 14.657 Kg

Water = 0.003375 x 4 x 185
= 2.498 Kg

The same procedure of calculation is worked out for water
cement ratio 0.55 and 0.7. The material required for casting of

cubes are tabulated.

And also calculated the quantity of material required for
casting cubes of medium workability (Slumps 8 to 10 cm) and the
water cement ratio of 0.4, 0.55 and 0.7. The values are tabulated

as shown.



Workability

Material required fo 4 cubes

A.C.I.

Method

Low (3 to 5 cm)

30

Fine Coarse
W/C | Cement Water .
Ratio Kg Aggg(egate Aggregate Kg Proportion
g Kg
0.4 6.244 8.394 14.657 2.498 1 1.344 2.547
0.55 4.54 10.097 14.657 2.498 1 2.22 3.228
0.70 3.568 11.07 14.657 2.498 :3.1 4.1
A.C.I. Method
Workability : Medium (8 to 10 cm)
Material required for 4 cubes
Fine Coarse
W/C | Cement Water .
Ratio Kg Aggg(egate Aggregate Kg Proportion
g Kg
0.4 6.75 7.69 14.66 2.7 1 1.14 : 2.17
0.55 4.9 9.53 14.66 2.7 1.94 : 3
0.70 3.86 10.58 14.66 2.7 2.74 3.8




TABLE

TABLE
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DEPARTMENT OF CIVIL ENCINEERING

Recommended practice for selecting proportions

for normal weight concrete.

Proposed revision of ACI 613-54
Reported by ACI committee 211 (1969)

1- Relationship between cylinder compressive

strength and water cement ratio
28 day Water cement ratio
strength kg/cm by weight

450 0.38

400 - 0.43

350 - - 0.48

300 . - 0.55

250 — 0.62

200 0.70

—— e e 150 - - 0.80 - -

2- Recommended slumps for various types of

ccnstruction
, . Slump (cms)
Type of consuructlon Vibrated Unvibrated

‘ concrete concrete

RCC foundation walls and : :

footings 2 to 8 2 to 10
Plain footings and .

substructure walls 2 to 8 2 to 10
Beams, columns and walls 2 to 10 2 to 10

Pavements, slabs and mass .
concrete 2 to B 2 to 10

...——.———--——q-—-—q——_—_-———————————————-——————--—-.—-.-————-
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TABLE 3~ Mixing water requirements for different maximum
size of aggregates

Water (kz/m°> of concrete
Slump (cms) Mex. size of aggregate
i Omm 12. 5uim 2Ommm 25mm * 40mir 50mm  70mm
3 to 5 205 200 185 180, 160 155 145
8 to 10 225 215 200 195 175 170 160
15 to 18 240 230 ) 210 205/ . 185 180 170
Approx.air N :
content 3 2.5 2.0 1.5 1.0 0.5 0.3
TABLE 4~ Volume of coarse aggregate per unit volume
S of concrete
Max.size of Volume of dry rodded coarse aggregate for
aggregate(mm) different fineness modulii of sand____
3 2.4 2.6 2.8 3.0
10 0.50 0.48 0.46 O0.44
12.5 0.59 C.57 0.55 0.53
20 0.66 0.64 0.62 0.60
25 0.71 0.69 0.67 0.65
40 0.76 C.74 0.72 0.70
50 - 0.78 0.76 .74 0.72
70 0.81 0.79 0.77 0.75
TABLE 5- Weight of fresh concrete
Max.size of aggregate Weight of écncrete
(mm) (kg/m”)
10 2285
12.5 2315
20 2355
25 2375
40 2420
50 2445

_-—--——.._-__——....——-_________..»-..———.‘_..-——-.__——--._
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III. ROAD NOTE NO. 4 METHOD

Data Collected

1. Workability = low

2. Water Cement Ratio = 0.4

3. Maximum Size of Coarse Aggregate = 20 mm

4. Specific Gravity of Cement = 3.15

5. Specific Gravity of Fine Aggregate = 2.614

6. Specific Gravity of Coarse Aggregate = 2.803

7. Shape of Aggregate = Angular

8. Fineness Modulus of Fine Aggregate = 2.42

9. Fineness Modulus of Coarse Aggregate = 7.0

1. Aggregate cement ratio is taken from table 11-13 for the water

cement ratio 0.4 of low degree of workability.

Aggregate/Cement Ratio
W/C Ratio
1 2 3 4

0.4 3.5 3.5 3.2 3

Select the aggregate/cement ratio 3.5 : 1

2. Proportion between the coarse and fine aggregate
From the graph I of curve (1) is considered for finding the

fineness modulus of combined aggregate.
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B.S.Sieve Pefcentage Retained
(mm)
20.00 0
10.00 55
4.80 70
2.40 77
1.20 84
0.60 91
0.30 98
0.15 100
575
. . _ 575 _ . -
Fineness modulus of combined aggregate = 100 = 5.75

Let n be the fraction of Fine Aggregate and (1-n) is fraction of

Coarse Aggregate.

5.75 = 2.4 n+ 7.0 (1 -n)
5.7 = 2.4n+7 - 7n
4.6 n = 1.25

no= LB - 0.an
F.A. = 0.272
C.A. = (1-n) = 0.728

3.5

et

Total aggregate cement



Fine Aggregate 3.5 x 0.272

= 0.952
C.A. = 0.728 x 3.5
= 2.548
Proportion by Weight
Cement Fine Aggregate Coarse Aggregate Water
1 0.952 2.548 0.4

Weight of Material required for 1 m3 of Concrete

Finding absolute volume of material

- 1 -

Cement = T 1% = 0.317

Fine Aggregate = 902 = 0.364

Coarse Aggregate = 2_251815 = 0.910

Water = —01—4 = 0.400

2.091

Air Voids 2 Percentage = 0.042
2.133 cc

Material required for 1 m3 of concrete



)
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3
1 x 10 _
Cement = _Z'Tﬁs— = 469 Kg
0.952 x 10°
Fine Aggregate = : 713 % = 446 Kg
2.548 x 10°
Coarse Aggregate = - 7133 = 1195 Kg
0.4 x 10°
Water = —2-.—-1—33— = 187.5 Kg
Materials Required for 4 Cubes
Cement = 0.003375 x 4 x 469
= 6.33 Kg
Fine Aggregate = 0.003375 x 4 x 446

= 6 Kg

Coarse Aggregate 0.003375 x 4 x 1195

= 16.13 Kg
Water = 0.003375 x 4 x 187.5
= 2.53 Kg
The same procedure of calculation is adopted for water

cement ratio 0.55 and 0.7. The materials required for casting of

cubes are tabulated.

Also calculated the quantity of material required for casting
cubes of medium workability and the water cement ratio of 0.4, 0.55

and 0.7. The values are tabulated as shown.



Road Note No.

Workability

4 Method

Low

37

Material Required for 4 Cubes

Fine Coarse
W/C | Cement Water .
Ratio Kg Aggg(egate Aggregate Kg Proportion
g Kg
0.40 6.33 6.00 16.13 2.53 1 : 0.952 2.548
0.55 4.50 6.97 18.67 2.47 1 1.55 4.15
0.70 3.52 7.09 19.00 2.46 1 : 2.013 5.387
Road Note No. 4 Method
Workability Medium
Material Required for 4 Cubes
Fine Coarse
W/C | Cement Water :
Ratio Kg Aggl}‘(egate Aggregate kg Proportion
g Kg
0.40 7.17 6.05 16.19 2.87 1 : 0.843 2.257
0.55 5.13 6.56 17.56 2.82 1 :1.278 3.422
0.70 4.04 6.81 18.25 2.83 1 : 1.686 : 4.514




Concrete Mix Design

Table 11-13
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Iv. Dr.ALEXANDER METHOD

Data
1. Low Workability (X) = 0.9
2. Water Cement Ratio = 0.4
3. Interspace = 0.1 cm
Cement
Normal Consistency NC = 0.29
Specific Gravity, g; = 3.15
. B 315
Bulk Density, D1 T T T0.29 x 3%
= 1.646 gm/cc
. . _1.646
Solid proportion P1 = $IE
= 0.5225
Fine Aggregate
Fineness Coefficient Q = (6 - 2.419)
= 3.581
Proportion of Solid martor PZ = 0.6666
Specific Gravity g, =  2.614
Bulk Density D, = PZ X g,

= 0.6666 x 2.614

1l

1.7424 gms/cc
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Mould
; . 2.2 2
Surface volume ratio (r) = 15 it T Ie
(r) = 0.4
Coarse Aggregate
Mean Aggregate Size (a) = 2.0 cm
Fineness Index (F) = (_;1_)1/3
- (4175
- (2)
= 1.2599
Specific Gravity gz = 2.8

Fine Cubical Solid of Size 15 x 15 x 15 c¢cm

Solid proportion at interior Pi = 0.634
Solid proportion at surface PZ = 0.4755
(p, _ P
Mean Solid proportion (P3) = Po- _Lz——i X axr
= 0.634 - (03 ‘20'4755) X 0.4 x 2
P3 = 0.5706
Bulk Density D = 0.5706 x 2.8

3
= 1.5977 gm/cc



2. Determination of Water Cement Factors

For Cement

Rich mix W NC D

1 1
= 0.29 x 1.646
= 0.4773
Lean Mix Wl1 = 0
For Sand
Rich Mix W, = 0.03 x ¢
= 0.03 x 3.581
= 0.1074
Lean Mix wz1 - 1 - 0.6666
= (0.3333
For Coarse Aggregate
W:5 = 0.033 x F
= 0.033 x 1.2599
= 0.04157
3. Determination of Critical Value (f)

(Fine Aggregate proportion in the mix)

f = f (Critical)
cr

W
(wz1 - W

cr
2)

42



B 0.4773
B 0.3333 - 0.1074
= 2.113
4, Determination of Harshness (h)
h _ 1 - 0.63 tsr
t
(1 + (—a)

1 -0.63 x 0.1 x 0.4

1+ 7

0.8421

5. Determination of Aggregate Mortar ratio (A)

_ h
A - (1 - Psh)

0.8421

(1 - 0.5706 x 0.8421)

= 1.6241

6. Determination of Mix Volume Co-efficient

Rich Mix

For Cement M = P. + KX W
1 1 1

= 0.5225 + 0.9 x 0.4773
= 0.9521

For Sand M P, + K. W

2 2 2
0.6666 + 0.9 x 0.1074

1

0.7633
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For Coarse Aggregate M3 = P3 + K W3
= 0.5706 + 0.9 x 0.04157

= 0.608
Lean mix
For Cement Ml1 = Pi = (0.5225
1 _ 1
For Sand M2 = P2 + K WZ
= 0.6666 + 0.9 x 0.3333
= 0.9666
For Coarse Aggregate M31 = P3 + K . W3
= 0.57067 + 0.9 x 0.04157
= 0.608
7. Determination of Critical Water Cement Ratio
- 1
wO Cr - WZ fc:r
= 0.3333 x 2.113
= 0.7043
Mcr - Ml - MZ fcr
= 0.9521 + 0.7633 x 2.113
= 2.565
Mcr - K(chr M WS A Mcr)
= 0.9 (0.7043 + 0.04157 x 1.6241

X 2.565)

= 0.7897



Hence the mix is rich

8. Determination of Mix Proportion
Rich Mix W = W x D
Y 1
- 0.4 x 1.644
= 0.6584
WV
f (- W - W A M)
S
W, + Wy A M,
0'065984 ~0.4773 - 0.04157 x 1.6241 x 0.9521
) 0.1074 + 0.04157 x 1.6241 x 0.7633
£ - 1.22
Vv
_ 3\
CV = A (Ml + MZ fvj

= 1.6241 (0.9521 + 0.7633 x 1.22)

= 3.058

Mix proportion by volume

Cement f C W .

1 1.22 3.058 0.4



L

Mix Proportion by Weight

D
f o= £ x—%
W v
1
1.7424
= 1.2Z2 x 1646
= 1.291
D
C. = C, x D—3
w 1
_ 1.5977
= 3.088 x 1646
=  2.968
W = 0.4
w
Proportion
Cement f C . W
w W W
1 1.291 2.968 0.4
9. Determination of Quantity of Material for 1 m:S of Concrete
C0 = M1+M2fV+M3 CV
= 0.9521 + 0.7633 x 1.22 + 0.608 x 3.058
= 0.9521 + 0.9312 + 1.8592
= 3.742
D
1 1.646
Cement Q = CO = 3762
= 0.44 gm/cc = 440 I(g/m3

46
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Fine Aggregate Q x fw

0.44 x 1.291

1l

0.568

- 568 Kg/m®

Coarse Aggregate Q x CW

0.44 x 2.968

= 1.306 gm/cc

- 1306 Kg/m®

Water 0.44 x 0.4

]

0.174

- 174 Kg/m®

10. Material required for 4 Cubes

i

Cement 0.003375 x 4 x 440
= 5.94 Kg

0.003375 x 4 x 568

Fine Aggregate

= 7.67 Kg

Coarse Aggregate 0.003375 x 4 x 1306

= 17.63 Kg

Water 0.003375 x 4 x 176

2.38 Kg

The same procedure of calculation is adopted for water cement
ratio 0.55 and 0.7. The materials required for casting of cubes are

tabulated.
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Also calculated the quantity of material required for casting

of cubes of concrete of medium workability (K = 1 ) and water

cement ratio 0.4, 0.55 and 0.7. The values are tabulated as shown.

Dr.Alexander Method

Workability (K) =

0.9 (low)

Material required for 4 cubes

Fine Coarse
w/C Cement Water .
Ratio Kg Agg%egate Aggregate Kg Proportion
g Kg
0.40 5.94 7.67 17.63 2.38 1 1.291 2.968
0.55 3.70 10.14 17.64 2.04 1 2.742 : 4.77
0.70 3.00 10.54 17.66 2.09 1 3.52 5.89
Dr.Alexander Method
Workability (K) = 1 (Medium)
Materials required for 4 cubes
Fine Coarse .
W/C Cement Water .
Ratio Kg Aggrfegate Aggregate ig Proportion
Kg Kg
0.40 7.20 5.41 17.59 2.88 1 0.753 2.444
0.55 4.13 9.5 17.55 2.27 1 2.30 : 4.28
0.70 3.36 9.90 17.52 2.35 1 If.95 5.216
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CHAPTER V

Palculation of Theoretical “Values



CHAPTER - 5

CALCULATION OF THEORETICAL VALUE

PREDICTED STRENGTH OF CONCRETE
I. I.S.CODE METHOD
I. Workability Corresponding to Compacting Factor 0.8

(a) Considering Water Cement Ratio 0.4

From Figure I of I.S.Code 10262 - 1982 target strength of

Concrete = 37 N/mm2
(b) For Water Cement Ratio 0.55
The Target Strength = 23 N/mmZ
(c) For Water Cement Ratio 0.7
The Target Strength = 18 N/mm?
II. Workability Corresponding to Compacting Factor 0.9

(a) Water Cement Ratio 0.4

From Figure I of I.S.Code 10262 - 1982

Target Strength of Concrete = 37 N/mm2

(b) For Water Cement Ratio 0.55

23 N/mm

Target Strength of Concrete

53



(c)

II.

(a)

54
For Water Cement Ratio 0.7
Target Strength of Concrete = 18 N/mm2
A.C.I.METHOD

Workability - Low (Slump 3 to 5 cm)

Water Cement Ratio 0.4

The cylinder Strength from Table I

Water/Cement Ratio Strength
2
0.38 450 Kg/cm
0.43 400 Kg/cm®
For 0.4 Water Cement Ratio = 430 Kg/cm2

Control Factor 0.6

= 430 x 0.6
= 278 Kg/cm2
Cylinder Strength = 0.82 times the cube strength
Cube Strength = (52752 = 339 Kg/cmZ
2z
= 33.9 N/mm
(b) Water Cement Ratio 0.55
The Cylinder Strength from Table I
= 300 Kg/cm2

Control Factor 0.6



Cylinder strength 0.82 times the cube

(c) Water Cement Ratio 0.7

The cylinder strength from Table I

Control Factor 0.6

Cylinder Strength =

il

Cube Strength

1I. Workability Medium (Slump 8 to

(a) Water Cement Ratio 0.4

I

Cube Compressive Strength

(b) Water Cement Ratio 0.55

Cube Compressive Strength

55

300 x 0.6
180 Kg/cmZ

strength

180
0.82

219.5 Kg/cm®

21.95 N/mm2

200 Kg/cm®

200 x 0.6
120 Kg/cmZ

0.82 times cubte strength

120
0.82

146.3 Kg/cmZ
14.63 N/mm>

10)

33.9 N/mm’

21.95 N/mm2
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(c) Water Cement Ratio 0.7

1l

Cube Compressive Strength 14.63 N/mm‘2

III. ROAD NOTE NO. 4 METHOD
I. Workability : Low

(a) Water Cement Ratio 0.4

Refer Figure 11.3 for Water Cement Ratio 0.4 the designed

strength for 28 days curing = 480 Kg/c:m2
Desigh strength = Smin + K .o
Where Smin = Minimum Strength
K = Himsworth Constant

From Table 11.3 K is taken 2.33
o] = Standard deviation

From Table 11 - 2. o is taken 13

480 = S .+ 2.33 x 13
min
480 = Smin + 30.3
= 449.7 Kg/cm
Minimum Comp. Strength = 44.97 N/mm?

(b) Water Cement Ratio 0.55

320 Kg/cm2

Il

Figure 11-3 Design Strength

]

Minimum Compressive Strength 320 - 30.3
= 288.7 Kg/cm2

= 28 .87 N/mm2
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(c) Water Cement Ratio 0.7

220 Kg/cm®

Figure 11.3 Design Strength

Minimum Compressive Strength 220 - 30.3

- 189.7 Kg/cm’

= 18.97 N/mm2
The Same value for medium workability
For 0.4 Water Cement minimum Strength = 44.97 N/mm2
For 0.55 Water Cement Minimum Strength = 28.87 N/mn’

18.97 N/mmZ

1

For 0.7 Water Cement Minimum Strength

IV. Dr.ALEXANDER METHOD

General Designed Strength Equation

A 20 [7 + 2 F.M. - 6 K]

B 1050 Kg/cm®

Where A depends on F.M. of fine aggregate and degree of

workability (K).

Where B - Constant - Theoretical Strength at zero Water

Cement Ratio.

B (%)w

Q
I

where o Designed Strength

W Water Cement Ratio



I. Workability (K) =

0.9

(a) Water Cement Ratio 0.4

2.419
20 [7 + 2 x 2.419 - 6 x 0.9]
128.76

1050 (—*153586)0'4

453.5 Kg/cm® or 45.35 N/mm’

(b) Water Cement Ratio 0.55

1050 (15858630.55

2
331.07 Kg/cm® or 33.11 N/mm>

(c) Water Cement Ratio 0.7

II. Workability (X)

1050 (——158586)0'7

231.65 Kg/cm or 23.16 N/mm

1

(a) Water Cement Ratio 0.4

20 [7 + 2 x 2.419 - 6 x 1]
116.76

1050



(b)

(c)

Water Cement

Water Cement

) 1050 [%85.86)0.4

- 136.13 Kg/cm® or 43.61 N/mm°

Ratio 0.55

116.76)0.55

1050 (—m-

"

i

513.7 Kg/cm? or 31.37 N/mm’

Ratio 0.7

i

116.76,0.7
1050 W

225.66 Kg/cm® or 22.56 N/mm’
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THEORETICAL STRENGTH OF CONCRETE

I. 1.S.Code Method

Workability Water/Cement Ratio Strength N/mm2
Low (0.8) 0.40 37
0.55 23
0.77 18
Medium (0.9) 0.40 37
0.55 23
0.70 18

II. A.C.I.Method

Workability Water/Cement Ratio Strength N/mmZ
Low Slump 3 to 5 0.40 33.90
0.55 21.95
0.70 14.63
Medium slump 0.40 33.90

5 to 8

0.55 21.95
0.70 14.63




III. Road Note No. 4 Method

Workability Water/Cement Ratio Strength N/mm2
Low 0.10 44 .97
0.55 28.87
0.70 18.97
Medium 0.40 44.97
0.55 28.87
0.70 18.97

IV. Dr.Alexander Method

Workability Water/Cement Ratio Strength N/mm2
0.9 0.40 45.35
0.55 33.11
0.70 23.16
1.0 0.40 43.61
0.55 31.37
0.70 22.56
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- Table 112

Yalues of the Standard Deviation for Different Conditions
of Placing and Mixing Control

Placing and Mixing condition

Dried aggregates, comple-
tely accurate grading, exact
water/cement ratio, controlled
temperature curing.

Weigh-batching of all ma-
terials, control of aggregate
grading, 3 sizes of aggregate
plus sand, control of water
added to allow for moisture
content of aggregates, allow-
ance for weight of aggregate
& sand displaced by water,
continual supervision.

Weigh-batching of all ma-
terials, strict control of agg-
regate grading, control of
water added to allow for
moisture content of aggre-
gates, continual supervision,

Weigh-batching of all ma-
terials, control of aggregate
grading, control of water
added, frequent supervision.

Weighing of all materials,
water content controlled by
inspection of mix, periodic
check of workability, use of
two sizes of aggregate (fine

& coarse) only, intermittent

supervision,

Volume batching of all
aggregates allowing for bulk-
ing of sand, weigh batch-
ing of cement, water content
controlled by inspection of
mix, intermittent supervision.

Volume batching of all
materials, use of all in aggre-
gate, little or no supervi-
sion,

Degree Standard

of Deviation

control o (kg/cm?)
Laboratory 13
Precision
Excellent 28
High 35
Very good 42
Good 57
Fair 65
Poor 170

Uncontrolled 85




CHAPTER VI

Cxperimental “Dalues



CHAPTER - 6

EXPERIMENTAL VALUES

Casting of cubes, curing and compression testing are carried

out in structures and materials laboratory.

Moulds

Steel cubical moulds of size 15 x 15 x 15 cms are used for

casting of cubes.

Casting

The material of concrete is weighed in the weighing machine
according to the mix design proportion. Hand mixing is adopted
for mixing of concrete ir view of the small quantity involved
The concrete is mixed thoroughly and uniformly. Casting is done

immediately and compaction is also done by needle vibrator.

Curing

The cube specimans were demoulded after 24 hours of casting

and were placed under water in the water taken till the day of

testing.
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Testing

The concrete cube specimens were taken from the water after
28 days curing, and wiped with wet cloth. Then the cubés are
weighed and tested in the compression testing machine. The rate
of loading was 140 Kg/cmz/mj_nute. The loading is gradually applied
upto failure. The maximum load at which failure occured was
noted. The strength and weight of concrete specimens are given in

tables.
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CHAPTER VII

C‘?omparioon ot SDilterent Methodes



CHAPTER - 7

COMPARISON STATEMENTS

In each method, the theoretical compressive strength is
compared with the actual compressive strength as obtained from
tests. The error and percentage of error are calculated and the

comparison is tabulated.
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CHAPTER VIl

Eonclusion



CHAPTER - 8

CONCLUSION

The object of this project 1s to find out which method is
giving reliable and good result when comparing the theoretical values
with tested values. In this project 4 different methods are
considered for comparison. Now each method 1is analysed separately

regarding their results and the final conclusions are given.

1. 1.S.CODE METHOD

1. When water cement ratio increases the strength decreases. The

water cement ratio and strength are inversely proportional .

2. The strength 1is increases with workability in all water

cement ratios.

3. The weight of the specimen is almost equal in all cases.
4. The aggregate cement ratio Increases with water cement ratio.
5. When comparing the theoretical results and tested results the

error is always positive. 6 percent to 18 percent. That is
the tested results are more than predicted values. This

method is some what reliable for design works.
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A.C.I.METHOD

The water cement ratio is inversely proprotional to strength.

The workability and the strength are inversely proportional.

The weight of the specimen is almost equal.

The aggregate cement ratio increases with water cement ratio.

The proportion of sand is generally higher than that in

1.S.Code method for comparative miX.
When comparing to the theoretical results with tested results,
the error is positive ranging from 18 to 39 percent. The

actual values are more than the theoretical values. This

method is not reliable for design work.

ROAD NOTE NO. 4 METHOD

The water cement ratio is inversely proportional to strength.

Medium workability is giving more strength than low

workability for all water cement ratios.
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The weight of the specimen is almost equal.
The aggregate cement ratio increases with water cement ratio.
Comparing the theoretical results with tested results the

error is both negative and positive ranging from 9 to 17

percent. This method is some what reliable for design work.

Dr.ALEXANDER METHOD

The water cement ratio is inversely proportional to the

strength.

The workability is also inversely proportional to the strength

for any water cement ratio.

The weight of the specimen is almost equal in all water

cement ratio but slightly more than other methods.

The aggregate cement ratio increases with water cement ratio.

When comparing the theoretical results with tested results the

5.5 to
error is almost negative ranging from/16 percent. Hence this

method is reliable for design works.
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GENERAL CONCLUSION

After analysis of all four methods in all aspects the

following conclusions are arrived.

1. This fact of water cement ratio being inversely proportional

to the strength is common to all methods.

2. Dr.Alexander method,IS Code method and Road Note No.4 Method
give good and reliable results. That is the predicted strength
and the tested strength of specimens are closer to each other
and the percentage of error is also minimum. This percentage
of error is less than the percentage of error in the ACI
method. In Dr.Alexander's method the consumption of cement

is the lowest.

This report recommends that Dr.Alexander method Mix design

is more reliable than the other methods.
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