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ABSTRACT- Interlocking concrete paving system consist of concrete blocks connected together with jointing sand,
placed on bedding sand over a suitable sub-base. The block layer on the top is the main load-spreading layer of the
pavement. Low maintenance, ease of placing and removal, reuses of original blocks, aesthetic appeal and immediate use
after installation make it best fit for use in urban areas. Since last 30 years, engineers and manufacturers have taken more
active interest in this type of product in India. As a result, there has been a demand for the principles of mix design
procedure for production of concrete paving blocks. The part I of this study presents the development of a mix design
procedure for concrete paving blocks, which is simple and specific as per relevant available codes. An illustrative
example will be provided for easy implementation of the process. In part II of the paper, three grades of concrete i.e.
M30, M35 and M40 with different cement content and water cement (W/C) ratios were designed. The compressive
strength, flexural strength, tensile splitting strength, water absorption test were performed and presented for each mix at 7,
14 and 28 days.
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1. INTRODUCTION
Interlocking concrete block pavement (I.C.B.P) consists of individual blocks of brick-size units, which

are laid on thin bed of sand between edge restraints and are separated by a layer of jointing sand as shown in
Figure -1(Panda & Ghosh 1999). These blocks along with bedding and jointing sand serve the purpose of both
bearing and base coarse. Over past 70 years, ICBP has gained rapid popularity as an alternative to
conventional concrete for special application in typical situations or specific problem areas. ICBP is widely
applied in many countries of world like Argentina, Australia, Canada, France, Germany, Israel, Japan,

Netherlands, New Zealand, South Africa, UK, and USA. Since 30 years, the use of ICBP has started in India
especially in footpaths, parking lots, garden, city roads, petrol pumps, industrial floors, ports and harbor areas,
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etc.

As discussed above it seems that there will be a huge demand of concrete paving blocks in the country
for the coming year. Paving blocks are manufactured from semi-dry concrete mixes. During the production
process vibration or pressure or both of them is applied to the mix for achieving a dense, strong and durable
blocks. Very few investigations have been carried out in the country for development of appropriate mix
design procedure. Therefore, there is a need for developing a local mix design method using available
scientific studies. The part I of this paper will discuss various factors that influence mix design of concrete and
will present a simple mix design procedure for the use of engineers and manufacturers. A work out example
will be provided for easy implementation of the process. In part II of the paper, three grades of concrete i.e.
M30, M35 and M40 will be developed and the mechanical properties thereof will be determined in the
laboratory and the results will be presented.

2. BACKGROUND
2.1 General:
The basic problem of mix design is to obtain adequate quality in hardened for and sufficient workability and
cohesiveness of the plastic concrete with as lean a mix as possible (Dowson 1980). In general, the compressive
strength and durability of concrete of given proportions, manufactured with a particular cement, improve with
reduction in ratio of water to cement, but at the same time, the workability decreases. On the other hand, to
increase, the water/cement proportion increases workability and cohesiveness, but reduces compressive
strength. The fundamental aspect of mix design is to establish the relationship between these properties and the
characteristics of the mix, which governs the procedure for selecting the mix proportions.

2.2 Specific requirements for mix design of concrete paving blocks:
Mix design is regard as the process of selection of proportion of different constituent materials of concrete to
produce a product of required strength and quality. IS 10262: Indian standard concrete mix proportioning –
guide lines provide the procedure for proportioning concrete mixes as per requirements using concrete making
materials (IS 10262-2009). This standard in general is applicable for ordinary and standard concrete grades for
use in a number of concrete structures like beam, slab, coulomb, pier, bridge, pavement, etc. However, there
are specific quality requirements for concrete block paving for which the mix design procedure should be
suitable modified as per guidelines meant for the same. As per IRC: SP: 63 guidelines for the use of
interlocking concrete block pavements for the manufacture of paving units a dry, low-slump concrete mix is
required (IRC: SP:63-2004). The following desired specific characteristics are required for the mix
proportioning of concrete paving blocks.

a. grade and strength of concrete:

Although the strength as such is not considered a vital factor in the satisfactory performance of a block
pavement as a whole, minimum compressive strength of 30 MPa is required to resist wearing and tearing of
blocks, edge damage and to keep strict dimension tolerance. Depending upon traffic categories, application
areas and concrete block thickness, concrete grade varying from M30 to M55 have been recommended as per
IS 15658:2006.

b. Characteristics of aggregates:
Both coarse aggregate and fine aggregates shall comply with the requirements of IS 383(IS 383:1970).
Aggregates should be sound and free from soft or honeycombed pieces. The size of coarse aggregate should lie
between 6 mm and 12 mm. The aggregate/cement ratio shall be in a range of 3:1 to 6:1(IRC: SP: 63:2004).
However, IS 15658 specifies maximum size of coarse aggregate as 12 mm for production of paver blocks (IA
15658:2006). The proportion of coarse aggregate in the mix is typically 40% and the fine aggregate (sand) 60%
(IRC SP 63:2004). As a reference the grading of aggregate recommended by cement concrete institute of south
Africa may be followed presented in Table -1 (SABS 1058:2002).
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Table 1: Recommended aggregate grading for making paving blocks

Sieve size Cumulative
Mm percentage passing
13.2 100
9.5 90–100
4.75 70–85
2.36 50–65
0.30 10–25
0.15 5–15
0.075 2–10
Fineness modulus 3.2–4.2

c. Cement type and content:
Cement shall be of ordinary Portland cement (33 grade or 43 grade or 53 grade), Portland slag cement,
Portland-pozzolana cement and rapid hardening cement (IS 15658:2006). The quantity of cement in the mix
shall not be less than 380 kg/m3 and shall not be more than 425 kg/m3. The water/cement ratio shall be within
0.34 to 0.38(IRC SP 63:2004).
d. Water quality and content:
The water to be used in production of paving blocks shall confirm to the requirements specified in IS 456(IS
456:2000, IS 15658:2006). The water content in the mix shall be within 5 to 7% of total mix (IRC SP 63:2004).
e. Addition of pigment:
Comparing to normal concrete, the peculiarity to concrete paving blocks is that for aesthetic purpose to have
desired color to paving units’ appropriate type and amount of pigments are added during mixing in form of
powder or slurry. Inorganic pigments, mostly metal oxides, are more durable and hence preferred for
consistency and purity. Pigment volume of 5 % to 9 % of cement content may be added if required for
saturation of color. Pigments shall be finer than cement (fines value between 2 to 15 m2/ gram, IRC SP
63:2004, IS:15658:2006). For same slump, addition of pigment requires increase in mixing water, for which
suitable adjustments in water content may become necessary to avoid a loss in strength.
f. Other additives:
Supper plasticizers around 0.4% of cement by weight may be added for high early strength. To reduce water
absorption, admixtures of calcium stearate are sometimes used. Air entraining agents may be added for
reduction in needed amount of cement. For further reduction blast furnace slag or pozzolanas like fly ash may
be added.

2.3 Factors affecting mix proportioning of paving blocks:
The major factors which affect mix design procedures are cement content, water content and properties of
aggregate. Several other factors like density, curing conditions, addition of pigments, and addition of other
admixtures also influences the output of mix design.

a.Cement content:
As the manufacture process of paving blocks relies on low workability, the existing water in the mix is barely

sufficient to hydrate fully the cement. Further addition of cement lowers workability and reduces the
strength, as the cement acts as a filler.

b.Water content:
As the water content increases in the range from 5% to 7% of total mix, the strength as well as durability

(weight loss in freeze thaw) decreases. As result addition of water may be carried out cautiously.
c.Properties of aggregate:
The properties of aggregate which have the most important influence on the quality of concrete are the

cleanness, the shape and surface texture, and the grading. All the aggregates shall be free clean and free
from physical and chemical impurities and from particles of wrong size of material, as it affects hydration of



746 A.K. Pani and Dr. B.C. Panda

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 4

April 2018

cement. The fine aggregate shall not contain more than 25% acid soluble material on that fraction retained
or passing the 600-micron sieve (Dowson 1980). The aggregate shall be naturally occurring, rounded and
smooth texture, angular or cubical. The grading shall be such that the packing of aggregates will yield
maximum density.

d.Effect of density:
For a god mix design, the materials shall be fully compacted to achieve maximum density. Lower the density,

higher will be water absorption and lower in strength.
e.Curing condition:
Curing can be categorized into two main types: - i) natural air curing ii) water curing iii) accelerated curing. In

general, higher 28 days’ strength are obtained in water/humidity curing compared to natural air curing. This
is because, manufacturing process of paving blocks requires less water to achieve low workability. In
moisture curing, early as well as 28 days’ strength is higher as compared to natural air curing. In steam
curing 1-day strength are increase, but the 28 days’ strength can be 20% lower than naturally cured blocks
(Dowson 1980.

f. Pigments addition:
To have maximum intensity there is an optimum concentration of different coloring materials. As a result,

different colors require different water content because of their particle shapes. In general strength of paving
blocks increases with increase in concentration of pigments at constant water/cement ratio.

g.Effect of admixture:
There are several materials like natural occurring pozzolanas and artificial pozzolanas blast furnace slag and

chemicals, which can be used to replace part of cement. To achieve target strength and durability, these
admixtures shall be used depending upon their physical and chemical properties.

3. PROPOSED MIX DESIGN METHODOLOGY
The prime objective of this research study is to develop a simple mix design procedure for use in concrete
paving blocks. The three most important aspects of mix design are water/cement ratio, aggregate water
absorption and aggregate grading. Most of the research work has already been carried out by past researchers.

In 1919 Abrams developed a relationship between water cement ratios and compressive strength of
concrete (Abrams 1919). According to the hypothesis, the strength of concrete is inversely proportional to the
water/cement ratio. This theory has remained the basis for most of the mix design procedures even in the
modern age. However, now-a-days different cements, supplementary cementitious materials and aggregate of
different maximum size, grading, surface texture, shape and other characteristics may produce concretes of
different compressive strength for the same free water/cement ratio. Therefore, the relationship between
strength and free water cement ratio should preferable be established for the materials actually to be used. As
for the mix of concrete paving units, already there has been established guidelines for selection of
water/cement ratio and water content (IRC SP:63:2004) it is not required to carry out experiments for the
same.

Proper estimation of water absorption by aggregates is essential in the development of concrete mix for
paving blocks. Aggregate absorption is mostly affected by the micro-structure, surface characteristics and
properties of the surrounding mortar. The absorption capacity of block paving concrete can determine by
immersing the respective aggregates for a specified time in water. But this procedure never simulates the real
absorption that happens during the mixing process because the aggregates are surrounded by the mortar paste,
and not by water alone. In the present study, the absorption of the block paving mix will be determined to the
received state. Finally, water content shall be adjusted based on the absorption and the current moisture
content to generate equivalent of saturated surface dry condition of the aggregate. It is an established fact that
fresh and hardened properties of the concrete mix mostly depend on the packing of its coarse and fine
aggregates. Proper packing of different aggregates sizes is an essential step in the concrete mix design
procedure (Andersen and Johassen 1993). The primary objective during proportioning of different aggregate
size groups is minimize the void ratio of the aggregate matrix. However, aggregate cement ratio, maximum
size of aggregate and the proportion of coarse aggregate and fine aggregate have been specified in IRC:
SP:63:2004 for manufacture of concrete paving blocks.
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The mix design procedure proposed for the development of concrete mix for paving blocks can be
briefed in the subsequent steps:
Step 1: Specifications for proportioning.
The required grade designation, type of cement to be used, maximum nominal size of aggregate, minimum
cement content, maximum water cement ratio and workability shall be specified previous to ascertaining mix
design calculations. Also, exposure condition, method of concrete placing, degree of supervision, type of
aggregate, maximum cement content and chemical admixtures (if any) shall be fixed.
Step 2: Test data for materials.
The physical and chemical characteristics of individual constituent materials shall be determined from the
laboratory test, which will be used to work out the final mix proportion. Specific gravity of cement, coarse
aggregate, and fine aggregate shall be found out for the use. Also, water absorption, free moisture content and
sieve analysis of coarse and fine aggregate are required.
Step 3: Target strength.
The target strength i.e. the minimum average 28 days’ compressive strength shall be determined as per the
requirements provided in table 3 of IS 15658:2006.
fl

ck= fck + K S
Where,
fl

ck is the target strength, fck is characteristic strength, K is a constant for defective products = 0.825 for concrete
paver blocks [rounded off to nearest 0.5 N/mm2] (IS 15658:2006)
K= 1.65 for normal concrete cubes (IS 10262:2009) and
S = standard deviation = 3.5 N/mm2 for pressure type machine and small number per cycle
= 7.0 N/mm2 for vibration and large number of blocks per cycle for concrete paver blocks (Dowson 1980)
= 5N/mm2 for normal concrete cubes (IS 10262:2009).
Step 4: Fixing water/cement ratio
Water /cement ratio is the measure strength determining factor in any type of cement concrete. As per IRC:
SP: 63:2004 the water cement ratio shall be 0.34 to 0.38, because the pre-cast cement concrete paving units
require dry, low-slump mixes as well as high compressive strength in the range of 30 N/mm2 to 55 N/mm2.
For starting of mix design water/cement ratio of 0.38 may be adopted for compressive strength of 30 N/mm2

and 0.34 for compressive strength of 55 N/mm2.
Step 5: Selection of water content
As already discussed, the machine is the governing factor in the choice of water content (“W” in kg/m3),
normally this lies between 5% to 7% of the total mix. The density of plane cement concrete is 2400 kg/m3 (IS
456:2000). Thus total water content can be determined.
Step 6: Determination of cement content
Cement content (“C” in kg/m3) of mix is determined by using equation 1 from the adopted water/cement ratio
as per

…………………………………………………………………………… (1)

The cement content shall be fixed in between 380 in kg/m3 to 425 in kg/m3 depending on the equipment being
used for block making.
step 7: Determination of coarse and fine aggregate
The amount of total aggregate can be determined using the absolute volume method. In the absence of any
grading curve for Indian condition, the aggregate grading may be adopted as per SABS 1058:2002 (as shown in
Table 1). Total concrete volume = 1 m3,
Assume air content = 2%, Air = 0.02 m3

Actual concrete volume = 0.98 m3

From step 5 and 6 the amount of water and cement used in the mixture is obtained. As assumed above cement
content is “C” in kg/m3 and water content is “W” in kg/m3.
Volume of paste (Vpaste) = (C/GC + W/GW), where GC and GW are the cement and water specific gravity
respectively.
Total volume of aggregate (Vagg) = (0.98 - Vpaste) m3
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In the combined aggregate grading for concrete paver blocks let the percentage of coarse aggregate (Ca) in the
total aggregate content be X% and that of fine aggregate (Fa) content be Y%.
Volume of coarse aggregate (VCa) = X% x Vagg m3

Volume of fine aggregate = Y% x Vagg m3

The weight of fine aggregate = VFa x GFa

The weight of coarse aggregate = VCa x GCa, where GFa is the specific gravity of sand and GCa is the specific
gravity of coarse aggregate.
However, total amount of aggregate calculated shall be checked so that the aggregate/cement ratio to be with
in 3:1 to 6:1. Similarly the fraction of coarse aggregate and fine aggregate shall be checked to remain as
40:60.
Step 8: Determination of extra water required.
When computing, the requirement of mixing water allowance shall be made for the free (surface) moisture
contributed by the fine and coarse aggregates. On the other hand, if the aggregates are dry, the amount of
mixing water should be increased by an amount equal to the moisture likely to be absorbed by the aggregates.
Necessary adjustments are also required to be made in mass of aggregates.

4. ILLUSTRATATIVE EXAMPLE
Grade designation: - M40

Type of cement: - OPC 43 Grade conforming to IS 8112:1989

Maximum nominal size of aggregate = 12 mm

Minimum cement content = 380 kg/m3

Maximum cement content = 425 kg/m3 [As per Code IRC: SP: 63-2004]

Maximum water cement ratio = 0.38

Workability = 0 - 25mm (slump)

Type of aggregate = crushed angular aggregate

Chemical admixture type = NIL

Specific gravity of

i. Cement =3.15

ii. Coarse aggregate = 2.74

iii. Fine aggregate = 2.74

Water absorption of

i. Coarse aggregate = 0.5%

ii. Fine aggregate = 1.0%

Target strength for mix proportioning; -

fl
ck= fck + K S

=40+0.825 x 3.5

=42.89 N/mm2 43 N/mm2

S = 3.5N/mm2 (Dowson 1980)

K = 0.825 (IS 15658:2006)

Selection of water cement ratio: -

As per IRC: SP: 63-2004 water cement ratio should lie in between 0.34 to 0.38 for production of concrete block
pavement.

Let us take water cement ratio as 0.36

Let water content in the mix be 6% (IRC SP 63:2004)
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Density of concrete = 2400 Kg/m3 (IS 456:200)

So the water content =

Calculation of cement content: -

W/C ratio = 0.36

Hence, cement content is ok

Determination of coarse and fine aggregate

Total concrete volume = 1 m3,

Assume air content = 2%, Air = 0.02 m3

Actual concrete volume = 0.98 m3

, where GC and GW are the cement and water specific gravity

respectively.

m3

Total volume of aggregate (Vagg) = (0.98 - Vpaste) = (0.98 – 0.271) m3 = 0.709 m3

In the combined aggregate grading for concrete paver blocks let the percentage of coarse aggregate (Ca) in the
total aggregate content be X% and that of fine aggregate (Fa) content be Y%.

As per IRC: SP: 63-2004 the proportion of coarse aggregate in the mix should be typically 40% and that for
fine aggregate should be 60%.

Volume of coarse aggregate (VCa) = X% x Vagg = 0.709 x 40%

Volume of fine aggregate (VFa) = Y% x Vagg = 0.709 x 60%

The weight of fine aggregate = VFa x GFA = (60% x 0.709) x 2.74 x 1000 = 1165.60 Kg

The weight of coarse aggregate = VCa x GCa = (40% x 0.709) x 2.74 x 1000 = 777.06 Kg, where GFA is the
specific gravity of sand and GCa is the specific gravity of coarse aggregate.

Extra water required = (0.5% x weight of coarse aggregate) + (1.0% x weight of fine aggregate)

= (0.5% x 777.06) + (1.0% x 1165.60) = 15.54 l

Therefore, total water required = 144 + 15.54 = 159.54 l

Mix proportions for trial number 1: -

Cement = 400 kg

Water = 159.54 l

Fine aggregate = 1165.60 kg

Coarse aggregate = 777.06kg

Water cement (w/c) ratio = 0.36

As per IRC: SP, 63-2004, water content should be in between 5% to 7% of total mix.

Therefore, Check is required

Volume of total mix = volume of cement + volume of water

+ Volume of fine aggregate + volume of coarse aggregate

= 400 + 159.54 + 1165.60 + 777.06

= 2502.20 kg
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5% < 6.38% < 7%

As per IRC: SP, 63-2004, aggregate/cement ratio should be in between 3:1 to 6:1.

Therefore, Check is required

Total volume of aggregate (Vagg) = Volume of fine aggregate + volume of coarse aggregate = 1165.60 + 777.06

= 1942.66 kg

aggregate/cement ratio =

3:1 < 4.86:1 < 6:1

Hence, the design is ok.

Mix proportion = 1:2.91:1.94

 The slump (0m - 25 mm) shall be measured and water content shall be adjusted for achieving the
required slump based trial, if required. The mix proportions shall be reworked for the actual water content and
checked for durability requirements.

 Two more trials having variation of ± 10% of water cement ratio shall be carried out and a graph
between three water cement ratios and their corresponding strengths shall be plotted to work out the mix
proportions for the given target strength for field trials. However, durability requirement shall be met.

Note: - Aggregates should be used in saturated surface dry condition. If otherwise when computing, the
requirement of mixing water allowance shall be made for the free (surface) moisture contributed by the fine and
coarse aggregates. On the other hand, if the aggregates are dry, the amount of mixing water should be increased
by an amount equal to the moisture likely to be absorbed by the aggregates. Necessary adjustments are also
required to be made in mass of aggregates. The surface water and percent water absorption of aggregates shall
be determined according to IS 2386.

5. CONCLUSION
Based on the analysis of the above research study for mix design of concrete paving blocks, following
conclusions can be drawn:

1. The method proposed in this part of the paper is very simple and reliable for the proportioning of concrete
mix to be used in the manufacture of concrete paving units.

2. Specific requirements for the mix design of concrete paving blocks have been discussed keeping in view
the suggestions provided in different guidelines as per IS 10262:2009, IS 15658:2006 and IRC SP 63:2004.

3. Also factor affecting mix proportioning of paving blocks were presented.
4. The theoretical aspects of mix design procedure have been provided step wise.
5. Finally, calculations for a typical mix design for M 40 grade is illustrated in the paper based on the given

properties of the ingredients.

REFERENCE
1. Panda, B.C. and Ghosh A.K., (1999), “Structural modeling and design of interlocking concrete block

pavement”, The Indian Concrete Journal, V-73, N0-02, pp 123 - 127.
2. Dowson, A.J., (1980), “Mix design for concrete block paving”, Proceedings of the First International

Conference on Concrete Block Paving, Newcastle-upon-Tyne, U.K., pp 121-127.
3. IS 10262:2009 on “Indian standard concrete mix proportioning – Guidelines (First revision)”, Bureau of

India Standard, New Delhi, India.
4. IRC: SP: 63:2004, “Guidelines for use of Interlocking Concrete Block Pavement” Indian Roads Congress,

New Delhi, India.
5. IS: 15658:2006 on, “Precast Concrete Blocks for Paving – Specification, “Bureau of Indian Standards,

New Delhi, India.



751 A.K. Pani and Dr. B.C. Panda

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 4

April 2018

6. IS: 383:1970 on, “Indian standard specification for coarse and fine aggregate from natural sources for
concrete (Second revision)”, Bureau of India Standard, New Delhi, India.

7. SABS 1058:2002 on, “South African standard specification for concrete paving blocks”, Johannesburg,
S.A.

8. IS 456:2000 on, “Indian standard plain and reinforced concrete code of practice (fourth revision)”, Bureau
of India Standard, New Delhi, India.

9. Abrams, D.A., (1919), “Design of concrete mixtures”, Structures Materials Research Laboratory, Lewis
Institute Chicago.

10. Andersen, P.J., Johansen, V., (1993), “A guide to determine the optimal gradation of concrete
aggregates”, Rep. SHRP-C-334, Transportation Research Board, Strategic Highway Research Program,
National Research Council Washington, DC.


