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ABSTRACT
Pervious concrete is a type of concrete with high porosity. It is used for concrete
flatworks application that allow the water to pass through it, thereby reducing the runoff from a
site and allowing ground water recharge. The high porosity is attained by a highly interconnected
void content. Typically pervious concrete has water to cementisious material ratio of 0.28 to 0.4
The mixture is composed of cementisious materials, coarse aggregates and water with
little to no fine aggregates. Addition of a small amount of fine aggregates will generally reduce
the void content and increase the strength.
Generally pervious concrete is used in parking areas, areas with light traffic, residential
areas. It is an important application for ground water recharge.
The present project deals with the study and comparison of mechanical properties,
permeability and durability properties of different grades of pervious concrete(M15,M20,M25).
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CHAPTER-1
INTRODUCTION

1 INTRODUCTION
1.1 CONCRETE
Concrete is a composite material composed mainly of water, aggregate, and cement. The
desired physical properties of the finished material can be achieved by including additives and
reinforcements in the mixture. A fluid mass that is easily moulded into shape can be formed by
mixing these ingredients together in certain proportions. Over the time, a hard matrix formed by
cement binds the rest of the ingredients together into a stone-like durable material with many
uses such as Famous concrete structures like the Hoover Dam, the Pannama Canal and the
Roman Pantheon. The concrete technology was used earlier on large-scale by the ancient
Romans, and the concrete was highly used in the Roman Empire. The Colosseum was built
largely of concrete in rome, and the concrete dome of the patheon is the World’s largest
unreinforced concrete . After the collapse of Roman Empire in the mid-18

th

century the

technology was re-pioneered as the use of concrete has became rare. Today, the widely used man
made material is concrete. (measured by tonnage).

1.2 HISTORICAL BACKGROUND
Although high strength concrete is often considered relatively as a new materials, its
development has been gradual over many years.in the 1950s, USA considered the concrete with
a compressive strength of 34mpa as high strength. in 1960’s,the concrete with compressive
strength 41mpa to 52mpa were used commercially. within the early 1970’, 62mpa concrete was
being made. With in the world state of affairs, however, within the last fifteen years, concrete of
terribly high strength entered the sector of construction of high-rise buildings and long span
bridges. in line the compressive strength over 110mpa has been thought-about by IS 456-2000
for the applications in pre-stressed concrete members and cast-in-place buildings.
However recently reactive concrete could be a one that having nearly compressive
strength of 250mpa. it's fully supported pozzolanic materials. the first distinction between highstrength concrete and nomimal-strength concrete refers to the relation of utmost resistance
offered by compressive strength of the concrete sample for the application of any type of load..
though there's no correct separation between high-strength concrete and normal-strength
concrete, the Yankee Concrete Institute defined the compressive strength greater than 42mpa as
high strength concrete.

1.3 PROPERTIES OF CONCRETE
Generally the Concrete is a material with high compressive strength than to tensile
strength. As it has lower tensile stress it is generally reinforced with some materials that are
strong in tension such as steel. The elastic behavior of concrete at low stress levels is relatively
constant but at higher stress levels start decreasing as matrix cracking develops. Concrete is a
low coefficient of thermal expansion material and it maturity leads to shrinks.
Due to the shrinkage and tension all concrete structures crack to some extent. Concrete
prone to creep when it is subjected to long-duration forces. For the applications various tests be
performed to ensure the properties of concrete correspond to the specifications. Different
strengths concrete are attained by different mixes of concrete ingredients,which are measured in
psi or MPa.The Different strengths of concrete are used for different purposes.if the concrete
must be light weight a very low-strength concrete may be used.The Lightweight concrete is
achieved by the addition of lightweight aggregates,air or foams, the side effect is that the
strength will get reduced. The concrete with 3000-psi to 4000-psi is oftenly used for routine
works.The concrete with 5000-psi although more expensive option is commercially available as
a more durable one.For larger civil projects the concrete with 5000-psi is oftenly used. 5000 psi
above strength concrete are often used for specific building elements. For example,the high-rise
concrete buildings composed of the lower floor columns may use 12,000 psi or more strength
concrete, to keep the columns sizes small.
Bridges may use 10,000 psi strength concrete in long beams to minimize the number of
spans required. The other structural needs may occasionally require high-strength concrete. The
concrete of very high strength may be specified If a structure must be very rigid, even much
stronger than required to bear the service loads. for these commercial reasons the concrete of
strength as high as 19000-psi have been used .

1.4 LIGHT WEIGHT CONCRETE
One of the disadvantages of concrete is the high self weight of concrete. Density of
3

normal concrete is in the order of 2200 to 2600 kg/m . This heavy self weight will make it to
some extent an uneconomical structural material. Attempts have been made in the past to reduce

the self weight of concrete to increase the efficiency of concrete as a structural material. The
3

light weight concrete density varies from 300 to 1850 kg/m .
Basically there is only one method for making lightweight concrete that is by inclusion of
air in concrete.this is achieved in actual practice by three different ways.
(i)

By replacing the usual mineral aggregate by cellular porus or lightweight aggregate.

(ii)

By introducing gas or air bubbles in mortar,this is known as aerated concrete.

(iii)

By omitting sand from the aggregates,this is called Nofines conctere.
Lightweight concrete has become more popular in recent years and have more
advantages over the conventional concrete.

1.5 PERVIOUS CONCRETE
Pervious concrete is nothing but no fines concrete, which is also known as porous, gap
graded or permeable concrete mainly consists of normal Portland cement, CA, water. In which
FA are not existent or present in very small amount i.e < 10% by weight of the total aggregates.
In general, for making porous concrete , we will use the aggregates of size which passes
through 12.5mm sieve and retained on 10mm sieve. In this project we have taken single size
aggregates i.e 12.5mm. the single size aggregates make a good no-fines concrete, which addition
to having large voids and hence light in weight, also offers architecturally attractive look.
Pervious concrete pavement is an unique effective means to address the important
environmental issues which support green and sustainable growth.

1.5.1 MATERIALS
Pervious concrete uses same materials as conventional concrete, except that there are
usually No or little fine aggregates. The size of the coarse aggregate used is kept fairly uniform
in size (most common is 3/8 inch) to minimize surface roughness and for a better aesthetic,
however sizes can vary from ¼ inch to ½ inch. Water to cement ratio should be within 0.27 to
0.34. Ordinary Portland cement and blended cements can be used in pervious concrete. Water
reducing admixtures and retarders can be used in pervious concrete.

1.5.2 APPLICATIONS OF PERVIOUS CONCRETE
Common applications of pervious concrete are parking lots, side walls, path ways, tennis
courts, slope stabilization, swimming pool decks, green house floors, drains, highway
pavements. Generally which is not used for concrete pavements for high traffic and heavy wheel
loads. structural advantages.

1.5.3 ADVANTAGES


The Pervious concrete is an
innovative building material with many environmental,
economic, and structural advantages.


The pervious
 concrete is a recognized as Best Management Practice by the U.S. for its
proper
 utilization.

For providing first-flush pollution
 control and stormwater management by
Environmental
Protection Agency (EPA) .


by using pervious concrete the property owners and developers can also reduce fees
and

enhance
the bottom line, which commonly provides 20-40 years of service with little or no

maintenance.

1.5.4 ENVIRONMENTAL AND ECONOMIC BENEFITS OF PERVIOUS
CONCRETE
There are many environmental benefits of pervious concrete such as retain storm water,
recharge ground water, keep pavement surfaces dry even in wet situation, reduce or no storm
water drainage is required, allow water and air to get to the roots of trees in the area, remove oil
and other pollutions from the that washes off the surface, reduce heat island effect, allow to
claim LEED points to green certificates in US or in Sri Lanka.
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2 LITERATURE REVIEW
The literature search included reviews of published and unpublished literature, field
Performance reports, and other published and unpublished documents.
2.1 C. A RAPP(2004)

[1]

Permeable concrete is gaining acceptance for use as a pavement base course. As shown in
Figure 1, this material produces a finished base course that is highly porous but stable. These
properties produce three benefits: The material’s drainable nature protects the primary pavement
from harmful effects of surface and subsurface water. Strength and durability of permeable
concrete provide a highly protective cover over the aggregate base and a strong working platform
for placing concrete pavement. Ease of construction is a significant cost and scheduling factor.
The material can also be used for erosion control on side slopes and in paving ditches. In this
usage it reduces runoff by allowing water percolation but still prevents soil erosion.
2.2 M.OFFENBERG(2005)

[2]

Pervious concrete is one of the hottest topics in the world of land development today. It is
not a new technology, but it’s a technology that is being embraced in a world of sustainable
development and expensive land. If you’ve never seen it before, it looks like pavement made out
of a big, gray Rice Krispies treat. In technical terms, it is a concrete manufactured without fine
aggregate. This creates a void structure in the concrete that allows stormwater to pass through at
incredibly high rates — on the order of 500 inches per hour. As a developer, you’re probably
thinking and wondering how many wonderful ways you can use this on your new site.
2.3 M.SULEIMAN AND J.KEVERN(2006)

[3]

This paper summarizes a study performed to investigate the effects of compaction energy
on pervious concrete void ratio, compressive strength, tensile strength, unit weight, and freezethaw durability. Laboratory results show that compaction energy affects pervious concrete
compressive strength, split tensile strength, unit weight and freeze-thaw durability.
[4]

2.4 K.WANG(2006)

This paper describes the current state of practice in pervious concrete placement methods
and presents results from a laboratory-based study to compare various placement practices and
develop QA/QC criteria.

2.5 B.FERGUSON(2008)

[5]

Eight years of research have recently concluded with the first comprehensive review of
porous pavement technology and applications resulting in the book, Porous Pavement, authored
by Bruce Ferguson. It defines nine families of porous paving material each of which has
distinctive costs, maintenance requirements, advantages and disadvantages for different
applications, installation methods, sources of standard specifications, and performance levels.
[6]

2.6 M. F. HEIN(2009)

On the campus of Auburn University, architecture and construction students are working
side by side with university facilities personnel as they learn by building with pervious concrete.
Since the fall of 2003, six pervious concrete slab projects have been successfully built including:
a sidewalk, a parking lot, a paved picnic area, and colored pervious arboretum walking trails.
Each new project has been filled with learning opportunities as students and workers have
experimented with the materials and application techniques of pervious concrete.

2.7 P. N .SUNDARAM AND W. A.GODWIN(2009)

[7]

The technology of grout injection to provide structural support beneath foundations has
been practiced in construction since 1802. The materials have traditionally been a mixture of
portland cement, water and often a filler, such as sand. This is mixed as a slurry and pumped
into the desired area, usually the interface between constructed foundations and the in situ soil or
rock, forming a structural bond that is rigid and not normally pervious.

2.8 R. C.MEININGER(2011)

[8]

Results of a laboratory study of no-fines pervious concrete for paving are
presented. Conclusions are drawn regarding the percentage of air voids needed for
adequate permeability, the optimum water-cement ratio range, and the amounts of
compaction and curing required. Recommendations are made regarding appropriate uses
for this type of concrete.

2.9 C.WOLFERSBERGER (2008)

[9]

Pervious mixture suppliers must employ high quality control. Pervious mixes contain
Portland cement, a nominal 3/8" or larger, Florida limerock aggregate, admixtures and
minimum water as designed. In some locations, granite may be substituted. Almost all fine

aggregate is eliminated from the mix to provide the necessary voids to allow the penetration of
water. Typically pervious concrete has about 70% of the density of standard concrete paving
mixtures.

2.10 A.M.MULLIGAN (2005)

[10]

The pervious concrete system and its corresponding strength are as important as its
permeability characteristics. The strength of the system not only relies on the compressive
strength of the pervious concrete but also on the strength of the soil beneath it for support.
Previous studies indicate that pervious concrete has lower compressive strength capabilities than
conventional concrete and will only support light traffic loadings. This thesis investigated prior
studies on the compressive strength on pervious concrete as it relates to water-cement ratio,
aggregate-cement ratio, aggregate size, and compaction and compare those results with results
obtained in laboratory experiments conducted on samples of pervious concrete cylinders created
for this purpose.

2.11 M.DAVY (2006)

[11]

In recent years, the development community, permitting agencies, engineers, and owners
have been seeking out new and innovative ways to reduce stormwater runoff and build lowimpact, sustainable communities. One of the ―new and innovative‖ ways that assist in these
efforts just might be a product that has actually been around for some time—pervious concrete.

2.12 C.WOLFERSBERGER(2008)

[12]

Good pervious concrete installation is an investment with an excellent pay-off. It is a
team effort. If the site engineer knows how to use it effectively it will be a tool that will help
convert the site into a green zone. The aquifer will be refreshed, trees will be protected and
flourish and Green Building LEED points will be earned.

2.13 M. L.LEMING AND D. J. AKERS(2009)

[13]

Pervious concrete pavements have been placed successfully on slopes up to 16%. In
these cases, trenches have been dug across the slope, lined with 6-mil visqueen, and filled with
rock (CCPC 2003). Pipes extending from the trenches carry water traveling down the paved
slope out to the adjacent hill side. The high flow rates that can result from water flowing down
slope also may wash out sub grade materials, weakening the pavement. Use of soil filter fabric
is recommended in these cases.

2.14 M.A.PINDADO,A. AGUADO AND A.JOSA (1999)

[14]

Highly permeable materials provide drainage and noise-absorption properties that are
useful in pavement top layers. In such porous concretes, the voids reduce the mechanical
integrity, which may have to be compensated for with the incorporation of non-conventional
components, such as polymers. A basic property needed for the design of pavements is the
fatigue behavior of the material, which has not been studied thoroughly for polymer-modified
porous concretes.

2.15 L.M.HASELBACH,S. VALAVALA AND F.MONTES(2006)

[15]

Pervious concrete is an alternative paving surface that can be used to reduce the nonpoint
source pollution effects of storm water runoff from paved surfaces such as roadways and parking
lots by allowing some of the rainfall to permeate into the ground below. This infiltration rate
may be adversely affected by clogging of the system, particularly clogging or covering by sand
in coastal areas.
[16]

2.16 C.WOLFERSBERGER (2008)

Some critics claim that Pervious gets clogged with oil and debris. It can if not given
minimum attention. Some common sense procedures will keep it performing indefinitely. All
pavements require some maintenance depending on traffic and location. Pervious concrete
usually requires much less.
2.17 L.K.CROUCH, J.PITT AND R.HEWITT(2007)

[17]

The effects of aggregate gradation, amount, and size on pervious portland cement concrete
(PCC) static modulus of elasticity were compared using four different mixtures. A standard mix
and three variable mixes using a uniform gradation, increased aggregate amount, and increased
aggregate size were used. The effective air void content was determined for each mixture. The
compressive strengths and static elastic moduli were determined and compared at equal void
contents. For a uniform gradation, the compressive strengths and static elastic moduli appeared
to be higher within an optimal range of voids; however, there was no statistically significant
difference between the results from the different gradations. An increased aggregate amount
resulted in a statistically significant decrease in both compressive strength and static elastic
moduli due to the subsequent decrease in paste amount. While the compressive strengths were
higher for mixtures containing smaller aggregate sizes, there was no significant difference
between the static elastic moduli when different aggregate sizes were used. Further research is
needed to understand the effects of aggregate size on the static modulus of elasticity of pervious
PCC.

2.18 L.M.HASELBACH AND R.M.FREEMAN(2005)

[18]

Pervious concrete is an alternative pavement material which may help reduce nonpoint
source pollution problems. The porosity of pervious concrete is an important parameter used for
both pavement and environmental design and is dependent on field placement techniques. It is
recommended that porosity be tested on field-placed specimens. It has been noted that some of
the concrete is knocked out while coring from field-placed samples which may affect the
porosity. This paper researches a methodology for estimating the in-situ porosity of pervious
concrete from the porosities of cores taken from the field based on aggregate size, core size and
porosity.

2.19 N.NEITHALATH, J.WEISS AND J.OLEK (2006)

[19]

This paper presents a unique non-destructive method to determine the
permeability of pervious concrete from electrical conductivity measurements. Combining
the normalized electrical conductivity of pervious concrete determined using either
alternating or direct
currents with the porosity of the material, and applying it in a modified version of KozenyCarman equation, a new parameter called hydraulic connectivity factor is introduced. Using
this factor, and the porosity, the hydraulic conductivity or permeability of pervious concrete is
determined.

CHAPTER-3
MATERIALS UED AND THEIR

PROPERTIES

3 MATERIALS USED AND THEIR PROPERTIES
3.1 MATERIALS USED
In the present investigation the following materials were used:














Ordinary Portland Cement of 53 Grade cement conforming to IS: 169-1989
Fine aggregate and coarse aggregate conforming to IS: 2386-1963.
Water.







Hyperplasticizer(ECMASHP-902)





3.1.1 CEMENT:
Ordinary Portland cement is the most common type of cement in general use around the
world as a basic ingredient of concrete, mortar, stucco, and most non-specialty grout. It
developed from other types of hydraulic lime in England in mid 19th century and usually
originates from limestone. It is a fine powder produced by heating materials to form clinker.
After grinding the clinker we will add small amounts of remaining ingredients. Many types of
cements are available in market. The colour of OPC is grey colour and by eliminating ferrous
oxide during manufacturing process of cement we will get white cement also.
Ordinary Portland Cement of 53 Grade of brand name Ultra Tech Company, available in
the local market was used for the investigation. Care has been taken to see that the procurement
was made from single batching in air tight containers to prevent it from being effected by
atmospheric conditions. The cement thus procured was tested for physical requirements in
accordance with IS: 169-1989 and for chemical requirement in accordance IS: 4032-1988. The
physical properties of the cement are listed in Table –1

Table-1 Properties of cement
SL.NO

Properties

IS: 169-1989

Test results

1.

Normal consistency

0.32

2.

Initial setting time

60min

Minimum of 30min

3.

Final setting time

320min

Maximum of 600min

4.

Specific gravity

5.

Compressive strength

3.14

3days strength

29.4Mpa

Minimum of 27Mpa

7days strength

44.8Mpa

Minimum of 40Mpa

28days strength

56.53Mpa

Minimum of 53Mpa

3.1.2FINE AGGREGATES:
Sand is a natural granular material which is mainly composed of finely divided rocky
material and mineral particles. The most common constituent of sand is silica(silicon dioxide, or
SiO2), usually in the form of quartz, because of its chemical inertness and considerable hardness,
is the most common weathering resistant mineral.Hence It is used as fine aggregate in concrete.
River sand locally available in the market was used in the investigation. The aggregate
was tested for its physical requirements such as gradation, fineness modulus, specific gravity in
accordance with IS: 2386-1963.The sand was surface dried before use.

Table-2 Properties of fine aggregates
Fineness modulus

2.4

Specific Gravity of fine aggregate

2.55

Free moisture

2%

3.1.3COARSE AGGREGATES:
Crushed aggregates of less than 12.5mm size produced from local crushing plants were
used. The aggregate exclusively passing through 12.5mm sieve size and retained on 10mm sieve
is selected. The aggregates were tested for their physical requirements such as gradation,
fineness modulus, specific gravity and bulk density in accordance with IS: 2386-1963. The
individual aggregates were mixed to induce the required combined grading. the particular gravity
and water absorption of the mixture are given in table.
Table-3 Properties of coarse aggregates
Specific Gravity of coarse aggregate

2.60

Water absorption

1%

3.1.4 WATER :
Water plays a vital role in achieving the strength of concrete. For complete hydration it
th

requires about 3/10 of its weight of water. It is practically proved that minimum water-cement
ratio 0.35 is required for conventional concrete. Water participates in chemical reaction with
cement and cement paste is formed and binds with coarse aggregate and fine aggregates. If more
water is used, segregation and bleeding takes place, so that the concrete becomes weak, but most
of the water will absorb by the fibers. Hence it may avoid bleeding. If water content exceeds
permissible limits it may cause bleeding. If less water is used, the required workability is not
achieved. Potable water fit for drinking is required to be used in the concrete and it should have
pH value ranges between 6 to 9.

3.1.5ADMIXTURES:
Admixtures means a material, apart from cement, water Associate in Nursingd aggregates
that's used as an ingredient of concrete and is extra to the batch straight off before or throughout
mix. Additive is a material which is added at the time of grinding cement clinker at the cement
factory.For modifying the mix properties the chemicals that are added to the concrete mix.These
should never be considered as a substitute for good mix design, for workmanship, or use of good
materials.

Currently concrete is getting used for wide styles of functions to create it appropriate in
numerous conditions. In these conditions normal concrete could fail to exhibit the desired quality
performance or sturdiness. In such cases, admixtures ar accustomed modify the properties of
normal concrete therefore on build it a lot of appropriate for any scenario. Till concerning 1930
additives and admixtures through used, weren't thought-about as necessary a part of concrete
technology. Since then, there has been a rise within the use of admixtures. tho' the employment
of admixtures and additives is being frowned upon or detested by some technologists, there ar
several on the contrary, World Health Organization extremely commend and foster the
employment and development of admixtures because it imparts several fascinating
characteristics and impact economy in concrete construction. It ought to be remembered,
however, that admixtures aren't any substitute permanently concreting practices.

3.1.5.1 USE OF ADMIXTURES
Admixtures are used to give special properties to fresh or hardened concrete. Admixtures
may enhance the durability, workability or strength characteristics of a given concrete mixture.
Admixtures are used to overcome difficult construction situations, such as hot or cold weather
placements, pumping requirements, early strength requirements, or very low water cement ratio
specifications. Uses are
o

Increase in workability

o

Increase in strength

o

Increase in cohesiveness and homogeneity

o

Increase or decrease of setting time

o

Increase in property of resistance of corrosion

o

Increase in water proofing property

o

Increase in dirability

o

Increase in soundness

3.1.5.2 TYPES OF ADMIXTURES






Chemical admixtures 



Mineral admixtures 

3.1.5.3 CHEMICAL ADMIXTURE
Chemical admixtures are added to concrete in very small amounts mainly for the
entertainment of air, reduction of water or cement content, plasticization of fresh concrete
mixtures, or control of setting time. Seven types of chemical admixtures are specified in ASTM
494, and AASHTOM 194, depending on their purpose or purposes in PPC.
General and Physical requirements for each type admixtures which were used are
included in the specifications.
1. Air – Entrainment
2. Water – Reducing
3. Set – Retarding
4. Accelerating

3.1.5.4 HYPER PLASTICIZERS
Hyper plasticizers are standard chemical admixtures for concrete employed in the
reduction of water to cement quantitative relation while not moving workability, and to avoid
particle saggregation within the concrete mixture. These are called high vary water reducers
(HRWR), fluidifiers, and dispersants as these are capable of reducing water to cement
quantitative relation by forty.0%. These chemical admixtures are additional within the concrete
simply before the concrete is placed. These admixtures facilitate to enhance strength and flow
characteristics of the concrete. In this project we used ECMASHP-902 as admixture with an
amount of 0.2% by weight of cement.
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4 CONCRETE MIX DESIGN (AS PER ACI 211.1-91)
This chapter deals with the Mix design procedure adopted for preparation of concrete.

4.1 MIX DESIGN OF CONCRETE
The strength is mainly influenced by water cement ratio, and is almost independent of the
other parameters the properties of concrete compressive strength is influenced by the properties
of aggregate in addition to that of water cement ratio. To obtain good strength, it is necessary to
use the lowest possible w/c ratio which affects the workability of the mix. In the present state of
art, concrete which has a desired 28days compressive strength of minimum 15Mpa, 20Mpa,
25Mpa can be made by suitable proportion of the ingredients using normal methods for
compacting the mixes?

4.2 STIPULATIONS FOR PROPORTIONING

Maximum size of aggregate
Specific gravity of cement

12.5mm
3.14

Specific gravity of fine aggregates

2.55

Specific gravity of coarse aggregates

2.6

Finess modulus of fine aggregates

2.4

Water obsorption of coarse aggregates

1%

Free moisture in coarse and fine aggregates
Type of cement

Nill and 2%

OPC 53 grade

4.2.1 MIX DESIGN FOR M15 GRADE CONCRETE
Characteristic compressive strength required in the field at 28 days: 15 Mpa
a) The mean strength , fm= fmin+ ks
=15+(1.64x3)
=19.9 Mpa
b) Since OPC from table 11.5, w/c ratio =0.6
c) From table 11.8, for slump of 50mm and for 12.5mm maximum size of aggregates
3

water content=175 kg/m .
Cement content=175/0.6 =277.7 kg/m

3

d) Form table 11.4, for 12.5size coarse aggregates and for finess modulus os 2.4, the
percentage of bulk volume of coarse aggregates is 0.6%
3

weight of coarse aggregates=2010 x 0.6 =1206 kg/m .
e) From table 11.9, density of fresh concrete for 12.5 mm maximum size of aggregates
3

is 2235 kg/m .
f) Weight of fine aggregates = 2235-(277.7+1170+175)
3

=612.3 kg/m .
g) Alternatively weight of FA can also be found out by absolute volume method as
follows
3

Item
number

Ingredients

Weight kg/m .

Absolute
3
volume(cm )

1

Cement

277.7

(277.7/3.14) x10
3
= 88.15x10

2

Water

175

(175/1)x10
3

3

3

=175x10

3

3

Coarse aggregates

1170

(1170/2.6) ) x10
3
=450x10

4

Air

4

(4/100) x10
3

= 40 x10

Total absolute volume
Absolute volume of FA

=753.15 x10

3

=(1000-753.15) x10

3

3

=246.85m .
Weight of fine aggregates

=246.85 x 2.5 = 629.4 kg/m

3

6

h) Proportions
C

:

FA

:

277.7

:

629.4 :

CA

:

1206

:

WATER
175

i) the proportions are required to be adjested for the field conditions
water absorption for CA

= 1206 x(1/100)
= 12.06 kg/m

moisture content in FA

3

= 29.46 x (2/100)
= 12.58 kg/m

3

= 1206 – 12.06

weight of CA

=1193.94 kg/m
weight of FA

3

= 629.46 + 12.58
= 642.04 kg/m

water content

3

= 175-1258+12.06
= 174.48 kg/m

3

j) quantities of materials to be used in the field corrected for surface moisture in FA
absorption characteristic of CA
3

Cement

= 277.7 kg/m

Fine aggregates

= 642.04 kg/m

3

Coarse aggregates = 1193.94 kg/m
= 174.48 kg/m

Water

3

3

Final Proportions
C

:

FA

:

CA

:

1

:

2.3

:

4.2

:

WATER
0.6

4.2.2 MIX DESIGN FOR M20 GRADE CONCRETE
Characteristic compressive strength required in the field at 28 days: 20 Mpa
a) The mean strength , fm= fmin+ ks
=20+(1.64x4)
=26.52 Mpa
b) Since OPC from table 11.5, w/c ratio =0.5
c)

From table 11.8, for slump of 80mm and for 12.5mm maximum size of aggregates
3

water content=190 kg/m .
Cement content=190/0.5
=380 kg/m

3

d) Form table 11.4, for 12.5size coarse aggregates and for finess modulus os 2.4, the
percentage of bulk volume of coarse aggregates is 0.56%
3

weight of coarse aggregates=2010 x 0.5 =1125.6 kg/m .
e) From table 11.9, density of fresh concrete for 12.5 mm maximum size of aggregates
3

is 2235 kg/m .
f)

Weight of fine aggregates = 2235-(190+350+1125.6)
3

=569.4 kg/m .
g) Alternatively weight of FA can also be found out by absolute volume method as
follows
Item

Ingredients

3

Absolute volume(cm )

Weight
3

kg/m .

number

3

1

Cement

380

(380/3.14) x10

2

Water

190

(190/1)x10

3

Coarse aggregates 1125.6

(1125.6/2.6) ) x10

4

Air

(4/100) x10

4

= 120.6x10

3

=190x10
3

6

=783.52 x10

Absolute volume of FA

=(1000-783.52) x10

3

3

=216.48m .

3

=432.92x10
= 40 x10

3

Total absolute volume

3

3

3

=216.48 x 2.55 = 552.02 kg/m

Weight of fine aggregates

3

h) Proportions
C

:

FA:

CA:

380

:

552.02 :

1125.6 :

WATER
190

i) the proportions are required to be adjusted for the field conditions
Water absorption for CA

= 1125.6 x(1/100)
= 11.25 kg/m

Moisture content in FA

3

= 552.02 x (2/100)
= 11.04 kg/m

3

= 1125.6 – 11.25

Weight of CA

=1113.75 kg/m
Weight of FA

3

= 552.02 + 11.04
= 563.06 kg/m

Water content

3

= 190-11.04+11.25
= 190.21 kg/m

3

j) Quantities of materials to be used in the field corrected for surface moisture in FA
absorption characteristic of CA
3

Cement

= 380 kg/m

Fine aggregates

= 563.06 kg/m

3

Coarse aggregates = 1113.75 kg/m
= 190.21kg/m

Water

3

3

Final Proportions
C

:

FA

:

CA

:

1

:

1.48

:

2.9

:

WATER
0.5

4.2.3 MIX DESIGN FOR M25 GRADE CONCRETE
Characteristic compressive strength required in the field at 28 days: 20 Mpa
a) The mean strength , fm= fmin+ ks
=25+(1.64x4.5)
=32.38 Mpa

b) Since OPC from table 11.5, w/c ratio =0.42

c) From table 11.8, for slump of 80mm and for 12.5mm maximum size of aggregates
3

water content=190 kg/m .
Cement content=190/0.42
=452.38 kg/m

3

d) Form table 11.4, for 12.5size coarse aggregates and for finess modulus os 2.4, the
percentage of bulk volume of coarse aggregates is 0.56%
3

Weight of coarse aggregates=2010 x 0.56 =1125.6 kg/m .

e) From table 11.9, density of fresh concrete for 12.5 mm maximum size of aggregates
3

is 2235 kg/m .
f) Weight of fine aggregates = 2235-(190+452.38+1125.6)
3

=467.02 kg/m .
g) Alternatively weight of FA can also be found out by absolute volume method as
follows
Item

Ingredients

Weight

3

Absolute volume(cm )

3

kg/m .

number

3

1

Cement

452.38

(452.38/3.14) x10

2

Water

190

(190/1)x10

3

Coarse aggregates 1125.6

(1125.6/2.6) ) x10

4

Air

(4/100) x10

Total absolute volume

4

3

=806.53 x10 m

3

3

6

= 143.6x10
=190x10

3

3

3

=432.92x10
= 40 x10

3

3

=(1000-806.53) x10

Absolute volume of FA

3

3

=193.46m .
Weight of fine aggregates

=193.46 x 2.55
=493.34 kg/m

3

h) Proportions
C

:

380

:

FA

:

CA

552.02 :

:

WATER

1125.6 :

190

i) the proportions are required to be adjusted for the field conditions
Water absorption for CA

= 1125.6 x(1/100)
= 11.25 kg/m

Moisture content in FA

= 493.34 x (2/100)
= 9.86 kg/m

Weight of CA

3

3

= 1125.6 – 11.25
=1113.75 kg/m

Weight of FA

= 493.34 + 9.86
= 503.2 kg/m

water content

3

3

= 190-9.86+11.25
= 191.39 kg/m

3

j) Quantities of materials to be used in the field corrected for surface moisture in FA
absorption characteristic of CA
Cement

= 452.38 kg/m

Fine aggregates

= 503.2 kg/m

3

3

Coarse aggregates = 1113.75 kg/m
Water

= 191.39kg/m

3

3

Final Proportions
C

:

FA

:

CA

:

1

:

1.1

:

2.4

:

WATER
0.4

In this project for M15,M20,M25 grades of concrete water cement ratio was kept at 0.3
and hyper plasticizer was used for both conventional and no fines concrete with a dosage of
0.2% by weight of cement.

\
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5. EXPERIMENTAL DETAILS
This chapter deals with the various mix proportions adopted in carrying out the
experiments and experimental results obtained with respect to their workability, permeability,
compressive strength, split tensile strength , flexural strength and durability test.

5.1 DETERMINATION OF WORKABILITY BY COMPACION FACTOR
TEST










To find the workability of concrete thoroughly mix cement, sand And coarse
aggregate
according to designed mix proportions to form a homogenous mix of concrete.
Find the Weight of empty cylinder (W1).



Fill the upper hopper with the freshly prepared concrete and after 2 minutes, release
the
trap door of the hopper.Immediately after the concrete has come to rest, open the trap
door of the lower hopper and allow the concrete to fall into the cylinder which brings the

concrete to a partially compacted state.










Remove the excess concrete over the top of the cylinder by a trowel.
Clean the cylinder properly and weigh it with the partially compacted concrete (W2).





Empty the cylinder and refill it with the same sample of concrete
in four layers,

compacting each layer by giving 25 blows with the tamping rod.
Level up the mi and weigh the cylinder with the fully compacted concrete (W3).
COMPACTION FACTOR=(W2 - W1)/( W3 - W1)

Fig-5.1 compaction factor test



5.2COMPRESSIVE STRENGTH PROCEDURE




























Take away
 the specimen from water when such as natural process time and wipe out excess water from the
surface.

Take the dimension of the specimen to the closest 0.2m
Clean the bearing surface of the testing machine



Place the specimen
 within the machine in such a fashion that the load shall be applied to the other sides of
the cube forged.

Align the specimen centrally on the bottom plate of the machine.



Rotate the movable portion gently by hand so it touches the highest surface of the specimen.



2

Apply the load step by 
step while not shock and incessantly at the speed of 140kg/cm /minute
until the specimen fails

Record the utmost load and note any uncommon options within the form of failure.






2

COMPRESSIVE STRENGTH = (LOAD IN N/ AREA IN mm )





5.3 SPLIT TUBE TENSILE STRENGTH PROCEDURE























Take the wet specimen from water when seven days of natural process
Wipe out water from the surface of specimen





Draw diametrical
lines on the 2 ends of the specimen to make sure that they're on a similar axial

place.

Note the weight and dimension of the specimen.
Set the compression testing machine for the specified vary.





Keep are plywood strip on the lower plate and place the specimen.



Align the specimen so 
the lines marked on the ends square measure vertical and targeted
over very cheap plate.
Place the other plywood strip above the specimen.
Bring down the upper plate to touch the plywood strip.






2
Apply
the
load
incessantly
while
not
shock
at
a
rate
of
roughly
14-21kg/cm

 (Which corresponds to a complete load of 9900kg/minute to 14850kg/minute) /minute


Note the breaking load(P)
o

The splitting tensile strength is calculated using the formula=

Where P = applied load
D = diameter of the specimen
L = length of the specimen

Fig – 5.2(a) Split tensile test

Fig – 5.2(b) Split tensile test specimen

5.4 FLEXURAL STRENGTH TEST










Remove 
the specimens from water after specified curing time and wipe out excess from the
surface.

Leave the specimen in the atmosphere from 24hours before testing.



The specimen is then placed in the machine in such a manner that the load is applied to
the uppermost surface as cast in the mloud, along the two lines spaced 20.0cm
 a part. The
axis of the specimen is carefully aligned with the axis of loading devices.
The load is then applied without shock and increasing continuously at a rate of 400kg/min.



Figure - 5.3 Flexural strength specimen

5.5 SULPHATE ATTACK TEST
To determine the resistance of various concrete mixtures to sulphate attack, the residual
compressive strength of concrete mixtures of cubes immersed in alkaline water having 5% of
Magnesium sulphate (MgSO4) by weight of water was found. The concrete cubes which were
cured in MgSO4 were removed from the curing tank and allowed to dry for one day. The weights
of concrete cube specimen were taken.. The resistance of concrete to sulphate attack was found
by the % loss of weight of specimen and the % loss of compressive strength on immersion of
concrete cubes in 3-5% magnesium sulphate water.

5.6 PERMEABILITY TEST PROCEDURE:




Obtain samples of hardened concrete of appropriate diameter from existing structures 
by
diamond core drilling or from moulded specimens. The specimens shall be prepared in
accordance with AS 1012. Using a diamond saw, cut a section of the sample to allow
approximately 2mm clearance at each end of the Room Temperature Vulcanising (RTV)
silicone rubber seal. The test sample should have a minimum length of 2.5 times the



maximum aggregate size. The cut section will be the test sample.





























Condition the test sample in accordance with AASHTO T277
to a Saturated Surface Dry
state, deleting the section referring to the use of epoxy resins.
Fill the voids that are 2mm or greater in diameter
that occur on the sides of the test

sample with plasticine or a similar material.
Measure and record the mass of the test sample to
the nearest 0.1g and the diameter (D)
and length (L) of the sample to the nearest 1mm.
Seal the test sample within the permeameter cell. (See Appendix A).



Ensure that the permeameter apparatus
 is completely filled with de-aired water and
contains no air pockets or bubbles.
Apply a constant pressure head of water to the inflow side of the permeameter
cell and

continuously monitor the pressure throughout the duration of the test.
Continuously monitor and record the volumetric inflow and outflow of water.



Continuously monitor and record the ambient temperature, to the
 nearest 0.1°C. Ensure
that the temperature is maintained within a range of 21 to 25°C.
After steady state flow through the sample has been achieved, monitor and plot volume

flow (Q) against time (t) until the slope of the inflow and outflow lines can be achieved.
Calculate the permeability
by taking the mean of the inflow and outflow plots within the
steady state flow range.




NOTE: This test is designed to determine the order of magnitude for
concrete permeability. A variation between the inflow and outflow slopes



of up to 20% will not significantly affect the outcome.





Remove the test sample from
 the apparatus and measure and record the mass of the test
sample to the nearest 0.1g.

COEFFICIENT OF PERMEABILITY :



Determine the cross
sectional area (A) in square metres of the test sample using the
following formula:
=2












4

Where



D = Diameter of test sample, to the nearest 0.001m.



Determine the applied pressure head (h) in metres of water. The D’Arcy Coefficient of



Permeability is calculated using the following formula: 

k=
ℎ

Where
k = D’Arcy Coefficient of Permeability (m/s)
3

Q = Volume of water in m
L = Length of the test sample in metres, to the nearest
0.001m t = Elapsed time in seconds
h = Applied pressure head in metres of water
A = Area of the test sample in m

2

Fig: 5.4. Permeability apparatus
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6 TEST RESULTS
6.1 WORKABILTY :
Results obtained from compaction factor test showing that the workability of concrete
Table-4 Compaction factor for conventional concrete and No fines concrete
GRADES OF
CONCRETE
M15

COMPACTION FACTOR
CONVENTIONAL
NO FINES
CONCRETE
CONCRETE
0.8
0.85

M20

0.84

0.89

M25

0.87

0.92

Compaction factor

WORKABILITY
0.94
0.92
0.9
0.88
0.86
0.84
0.82
0.8
0.78
0.76
0.74
M15

CONVENTIONAL
CONCRETE

NO FINES
CONCRETE

M20

M25

grades of concrete

Fig – 6.1 Workability variation of conventional and
pervious concrete for different grades

6.2 COMPRESSIVE STRENGTH:
These results are obtained by testing the total 6 specimens for 7 days and 28 days and by
considering the average of the test results and that are tabulated in table
Table-5 Compression strength of No fines concrete cubes cured in water and cured in
MgSo4.
GRADES OF
CONCRETE

2

COMPRESSIVE STRENGTH(N/mm )
CURED IN MgSo4
CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS

M15

11.02

16.32

8.96

15.1

M20

14.98

20.79

12.82

18.74

M25

19.86

24.4

17.2

25.53

Table-6 Compression strength of conventional concrete cubes cured in water and
cured in MgSo4.
GRADES OF
CONCRETE

2

COMPRESSIVE STRENGTH(N/MM )
CURED IN MgSo4
CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS

M15

14.6

19.1

13.03

18.8

M20

17.26

25.44

15.6

24.03

M25

21.3

30.88

19.3

28.87

Compressive strength(N/mm2)

7 Days Compressive strenth
25

NO FINES CONCRETE

20
DURABLE VALUES FOR NO
FINES CONCRETE

15

CONVENTIONAL
CONCRETE

10
5

DURABILITY VALUES FOR
CONVENTIONAL
CONCRETE

0
M15

M20
M25
Grades of concrete

Fig-6.2 Seven days compressive strength variation of conventional and
No fines concrete cured in water and cured in MgSo4.

28 Days Compressive strength
Compressive strength(N/mm2)

35

NO FINES CONCRETE

30
25

DURABILITY VALUES FOR
NO FINES CONCRETE

20
15

CONVENTIONAL
CONCRETE

10
5

DURABILITY VALUES FOR
CONVENTIONAL
CONCRETE

0
M15

M20
Grades of concrete

M25

Fig-6.3Twenty eight days compressive strength variation of conventional
And No fines concrete cured in water and cured in MgSo4.

6.3 SPLIT TENSILE STRENGTH:
These results are obtained by testing the total 6 specimens for 7 days and 28 days and by
considering the average of the test results that are tabulated in table
Table-7 Split tensile strength of No fines concrete cubes cured in water and cured in
MgSo4.

GRADES
OF
CONCRETE

2)

SPLIT TENSILE STRENGTH(N/mm
CURED IN MgSo4
CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS

M15

0.98

1.22

0.84

1.08

M20

1.17

1.57

1.04

1.39

M25

1.41

2.05

1.29

1.82

Table-8 Split tensile strength of conventional concrete cubescured in water
and cured in MgSo4.
GRADES
OF
CONCRETE

2)

SPLIT TENSILE STRENGTH(N/mm
CURED IN MgSo4
CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS

M15

2.11

3.26

1.65

2.92

M20

3.19

4.7

2.93

3.99

M25

4.04

5.2

3.11

4.82

7 Days Split tensile strength

Tensile strength(N/mm2)

4.5
4
3.5
3
2.5
2
1.5
1

NO FINES CONCRETE
DURABILITY VALUES FOR
NO FINES CONCRETE
CONVENTIONAL
CONCRETE
DURABILITY VALUES FOR
CONVENTIONAL
CONCRETE

0.5
0
M15

M20
Grades of concrete

M25

Fig-6.4Seven days split tensile strength variation of conventional
And No fines concrete cured in water and cured in MgSo4.

28 Days split tensile strength

Tensile strength(N/mm2)

6
NO FINES CONCRETE

5
4

DURABILITY VALUES FOR
NO FINES CONCRETE

3

CONVENTIONAL
CONCRETE

2
1

DURABILITY VALUES FOR
CONVENTIONAL
CONCRETE

0
M15

M20
Grades of concrete

M25

Fig-6.5Twenty eight days split tensile strength variation of conventional

And No fines concrete cured in water and cured in MgSo4.

6.4 FLEXURAL STRENGTH :
These results are obtained by testing the total 6 specimens for 7 days and 28 days
and by considering the average of the test results that are tabulated in table
Table-9 Flexural strength of No fines concrete cubes cured in water and cured in
MgSo4.

GRADES
OF
CONCRETE

2

FLEXURAL STRENGTH(N/mm )
CURED IN MgSo4
CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS

M15

3.79

5.18

3.13

4.91

M20

6.68

7.36

6.09

7.06

M25

8.89

10.28

8.26

9.92

Table-10 Flexural strength of conventional concrete cubes cured in water and cured
in MgSo4.
GRADES OF
CONCRETE

M15
M20
M25

2

FLEXURAL STRENGTH(N/mm )
CURED IN MgSo4
CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS

5.43
8.44
10.37

7.1
10.12
12.57

4.51
7.32
9.03

6.37
9.55
11.12

7 Days Flextural strength

Flextural strength(N/mm2)

12

NO FINES CONCRETE

10
DURABILITY VALUES
FOR NO FINES
CONCRETE
CONVENTIONAL
CONCRETE

8
6
4
2

DURABILITY VALUES
FOR CONVENTIONAL
CONCRETE

0
M15

M20
Grades of concrete

M25

Fig-6.6.Seven days flextural strength variation of conventional

And No fines concrete cured in water and cured in MgSo4.

28 Days Flextural strength

Flextural strength(N/mm2)

14
NO FINES CONCRETE

12
10

DURABILITY VALUES FOR
NO FINES CONCRETE

8
6

CONVENTIONAL
CONCRETE

4
2

DURABILITY VALUES FOR
CONVENTIONAL
CONCRETE

0
M15

M20
Grades of concrete

M25

Fig-6.7 Twenty eight days flextural strength variation of conventional
And No fines concrete cured in water and cured in MgSo4.

6.5 DENSITY OF CONCRETE:
The density of concrete cubes for different grades of conventional and no fines concrete
are shown below.
Table-11 Density of conventional concrete and No fines concrete
3

GRADE OF

DENSITY OF CONCRETE (kg/m )

CONCRETE

CONVENTIONAL

NO FINES

CONCRETE

CONCRETE

M15

2340

1612

M20

2375

1656

M25

2394

1685

6.6 PERMEABILITY TEST:
These results are obtained by testing the total 9 specimens for conventional and no fines
concrete by varying the pressure differences and the results are tabulated in the table .
Table-12 Permeability of conventional concrete and No fines concrete
PRESSURE

PERMEABILITY OF CONVENTIONAL

PERMEABILITY OF NO FINES

DIFFERENCE

CONCRETE(cm/sec)

CONCRETE(cm/sec)

(Pa)

M15

5

5.6X10

10

1.8X10

15

8.6X10

-14
-14
-15

M20

3.2X10

M25
-14

9.48 X10
6.23 X10

-15
-15

1.39 X10
7.47 X10
3.25 X10

M15
-14
-15
-15

6.6 X10
1.2 X10
8.9 X10

M20
-3
-3
-4

M25

1.01X10
8.2 X10
5.4 X10

-3

-4
-4

9.42 X10
6.01 X10
2.9 X10

-4
-4

-4

CHAPTER-7
DISCUSSION

7 DISCUSSION
7.1 COMPRESSIVE STRENGTH:
7 DAYS:
Experimental observations establish a decrease in the compressive strength of M15, M20
and M25 grades of no fines concrete by 18.8%, 13.2% and 11.6% respectively in
comparison with the conventional concrete.
28 DAYS:
A decrease in the compressive strength of M15,M20 and M25 grades of no fines concrete
by 18.2%, 14.5% and12.6% respectively is found compared to the conventional concrete.
The computed values of the compressive strength of both conventional and no fines
concrete establish that compressive strength of no fines concrete is less than that of
conventional concrete.
7.2 SPLIT TENSILE STRENGTH:
7 DAYS:
It is observed that the tensile strength of M15, M20 and M25 grades of no fines concrete
is decreased by 42.8%, 40.6% and 39.8% respectively when compared to the
conventional concrete.
28 DAYS:
It is evident from the study that the tensile strength of M15, M20 and M25 grades of no
fines concrete is decreased by 40.2%, 38.4% and 36.2% respectively in comparison with
the conventional concrete.
The calculated split tensile strength values of both conventional and no fines concrete
prove that the tensile strength of no fines concrete is less than that of conventional
concrete.
7.3 FLEXURAL STRENGTH:
7 DAYS:
It is established that there is a marked decrease in the flexural strength of M 15, M20 and
M25 grades of no fines concrete by 30.2%, 28.6% and 26.8% respectively, compared to
the conventional concrete.

28 DAYS:
Observations conclude that the flexural strength of M15, M20 and M25 grades of no fines
concrete is decreased by 29.9%, 27.6% and 24.6% respectively when compared to the
conventional concrete.
Illustrative computation of flexural strength values of both conventional and no fines
concrete prove that flexural strength of no fines concrete is less than that of conventional
concrete.
7.4 DENSITY OF CONCRETE:
It is observed that the density of M15, M20 and M25 grades of no fines concrete is
decreased by 31.1%, 30.2% and 29.6% as against that of conventional concrete.
The computed density of no fines concrete is noted to have decreased in comparison with
that of conventional concrete.
7.5 PERMEABILITY:
It has been observed that coefficient of permeability of M15, M20 and M25 grades of no
fines concrete is increased by 82.4%, 79.6% and 72.8% respectively in comparison with
the conventional concrete.
Computations establish that the coefficient of permeability values is more for no fines
concrete than the conventional concrete.
7.6 WORKABILITY:
Form the calculated workability values it is observed that for M15, M20 and M25 grades
of no fines concrete are increased by 5.8%, 5.6% and 5.4% respectively when compared
to the conventional concrete.

7.7 DURABILITY BY SULPHATE ATTACK
7.7.1 COMPRESSIVE STRENGTH:
(A) NO FINES CONCRETE
7 DAYS:
The compressive strength of M15, M20 and M25 grades of no fines concrete is decreased
by 18.6%, 14.4% and 13.4% respectively.
28 DAYS:
The compressive strength of M15, M20 and M25 grades of no fines concrete is decreased
by 15.5%, 16.2% and 12.8%.

(B) CONVENTIONAL CONCRETE
7 DAYS:
The split tensile strength of M15, M20 and M25 grades of no fines concrete is decreased
by 10.9%, 11.2% and 10.6% respectively.
28 DAYS:
The spilt tensile strength of M15, M20 and M25 grades of no fines concrete is decreased
by 14.8%, 13.7% and 15.05%respectively.
7.7.2SPLIT TENSILE STRENGTH:
(A) NO FINES
CONCRETE 7 DAYS:
The split tensile strength of M15, M20 and M25 grades of no fines concrete is decreased
by 14.2%, 11.1% and 10.6%respectively.
28 DAYS:
The spilt tensile strength of M15, M20 and M25 grades of no fines concrete is decreased
by 11.4%, 11.46% and 11.21% respectively.
(B) CONVENTIONAL CONCRETE
7 DAYS:
The split tensile strength of M15, M20 and M25 grades of no fines concrete is decreased
by 12.3%, 8.9%, and 10.6% respectively.
28 DAYS:
The spilt tensile strength of M15,M20 and M25 grades of no fines concrete is decreased
by 10.42%, 11.5% and 9.4% respectively.
7.7.3 FLEXURAL STRENGTH:
(A) NO

FINES

CONCRETE 7 DAYS:
The flexural strength of M15, M20 and M25 grades of no fines concrete is decreased by
9.4%, 8.8% and 8.2% respectively.
28 DAYS:
The flexural strength of M15, M20 and M25 grades of no fines concrete is decreased by
11%, 10.1% and 8.2% respectively.

(B) CONVENTIONAL CONCRETE
7 DAYS:
The split tensile strength of M15, M20 and M25 grades of no fines concrete is decreased
by 13.7%, 13.2% and 12.09% respectively.
28 DAYS:
The spilt tensile strength of M15, M20 and M25 grades of no fines concrete is decreased
by 10.28%, 8.5% and 11.5% respectively.

CHAPTER-8
CONCLUSION

CONCLUSION
The following conclusions are drawn based on the experimental investigations on
compressive strength, split tensile, flexural, durability, permeability considering the
―environmental aspects‖ also:









Pervious concrete has less strength
 than conventional concrete by 18.2% for M15, 14.5%
for M20 and 12.6% for M25.
Similarly the tensile and flexural
 strength values are also comparatively lower than the
conventional concrete by 30%.
Though the pervious concrete has low compressive, tensile and flexural strength it has
high coefficient of permeability hence the following conclusions are drawn based on the
permeability, environmental effects and economical aspects.



It is evident from the project that no fines concrete has more coefficient of permeability.



Hence, it is capable of capturing storm water and recharging the ground water. As a
result, it can be ideally used at parking areas and at residential areas where the movement
of vehicles is very moderate.




Further, no fines concrete is an environmental friendly solution to support sustainable 
construction. In this project, fine aggregates as an ingredient has not been used. Presently,
there is an acute shortage of natural sand all around. By making use of FA in concrete,
indirectly we may have been creating environmental problems. Elimination of fines



correspondingly decreases environment related problems.






In many cities diversion of runoff by proper means is complex task. Use of this
concrete
can effectively control the run off as well as saving the finances invested on the
construction of drainage system. Hence, it can be established that no fines concrete is

very cost effective apart from being efficient.
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ABSTRACT
Pervious concrete is a special type of concrete with high porosity. It is used for
concrete flatworks application that allow the water to pass through it, thereby
reducing the runoff from a site and allowing ground water recharge. The high
porosity is attained by a highly interconnected void content. Typically pervious
concrete has water to cementisious material ratio of 0.28 to 0.4.The mixture is
composed of cementisious materials, coarse aggregates and water with little to no
fine aggregates. Addition of a small amount of fine aggregates will generally
reduce the void content and increase the strength. The present project deals with
the study and comparison of mechanical properties, workability density and
permeability of different grades of pervious concrete(M15,M20,M25).
Keywords: pervious concrete, no fines, hyper plasticizer , permeability, Sulphate
attack.
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1.

INTRODUCTION

One of the disadvantages of concrete is the
high self weight of concrete. Density of normal
3

concrete is in the order of 2200 to 2600 kg/m . This
heavy self weight will make it to some extent an
uneconomical structural material. Attempts have
been made in the past to reduce the self weight of
concrete to increase the efficiency of concrete as a
structural material. The light weight concrete

In general, for making porous concrete , we
will use the aggregates of size which passes through
12.5mm sieve and retained on 10mm sieve. In this
project we have taken single size aggregates i.e
12.5mm. the single size aggregates make a good nofines concrete, which addition to having large voids
and hence light in weight, also offers architecturally
attractive look.

3

density varies from 300 to 1850 kg/m .
Light weight concrete has become more
popular in recent years and have more advantages
over the conventional concrete.
Pervious concrete is nothing but no fines
concrete, which is also known as porous, gap graded
or permeable concrete mainly consists of normal
Portland cement, CA, water. In which FA are not
existent or present in very small amount i.e < 10%
by weight of the total aggregates.

228

Fig – 1 test specimens
Common applications for pervious concrete
are parking lots, side walls, path ways, tennis courts,
slope stabilization, swimming pool decks, green
house floors, drains, highway pavements. Generally
which is not used for concrete pavements
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for high traffic and heavy wheel loads. structural
advantages.
2.
AIM AND OBJECTIVES
The aim of the research is to study the
strength, durability and permeability of pervious
concrete for different grades(M15,M20,M25). The
objectives include

To study the workability of concrete. 
 To study the density of concrete. 

 To study the mechanical properties such as
compressive, tensile and flexural strength of
concrete. 

 To study the durability of concrete by sulphate
attach(by using MgSo4 curing). 

 To study the permeability of concrete. 
3.
MATERIALS
The present investigation the following
materials were used:







Ordinary Portland Cement of 53 Grade cement
conforming to IS: 169-1989 
Fine aggregate and coarse
conforming to IS: 2386-1963. 
Water. 
Hyperplasticizer(ECMASHP-902) 

aggregate

3.1 CEMENT: Ordinary Portland Cement of 53 Grade
of brand name Ultra Tech Company, available in the
local market was used for the investigation. Care has
been taken to see that the procurement was made
from single batching in air tight containers to
prevent it from being effected by atmospheric
conditions. The cement thus procured was tested
for physical requirements in accordance with IS:
169-1989 and for chemical requirement in
accordance IS: 4032-1988. The physical properties of
the cement are listed in Table – 1
Table-1 Properties of cement
Sl.No
1
2
3
4

Properties
Normal consistency
Initial setting time
Final setting time
Specific gravity

Test results
0.32
60min
320min
3.14

IS: 169-1989
Minimum of 30min
Maximum of 600min

3.2 FINE AGGREGATES: River sand locally available
in the market was used in the investigation. The
aggregate was tested for its physical requirements
such as gradation, fineness modulus, specific gravity
in accordance with IS: 2386-1963.The sand was
surface dried before use.
229

Table-2 Properties of fine aggregates
Fineness modulus

2.4

Specific Gravity of fine aggregate

2.55

Free moisture

2%

3.3 COARSE AGGREGATES:
Crushed aggregates of less than 12.5mm
size produced from local crushing plants were used.
The aggregate exclusively passing through 12.5mm
sieve size and retained on 10mm sieve is selected.
The aggregates were tested for their physical
requirements such as gradation, fineness modulus,
specific gravity and bulk density in accordance with
IS: 2386-1963. The individual aggregates were mixed
to induce the required combined grading. the
particular gravity and water absorption of the
mixture are given in table.
Table-3 Properties of coarse aggregates
Specific Gravity of coarse aggregate
Water absorption

2.6
1%

3.4 WATER : Potable water fit for drinking is
required to be used in the concrete and it should
have pH value ranges between 6 to 9.
3.5 HYPER PLASTICIZERS: Hyper plasticizers are
standard chemical admixtures for concrete
employed in the reduction of water to cement
quantitative relation while not moving workability,
and to avoid particle saggregation within the
concrete mixture. These are called high vary water
reducers (HRWR), fluidifiers, and dispersants as
these are capable of reducing water to cement
quantitative relation by forty.0%. These chemical
admixtures are additional within the concrete simply
before the concrete is placed. These admixtures
facilitate to enhance strength and flow
characteristics of the concrete. In this project we
used ECMASHP-902 as admixture with an amount of
0.2% by weight of cement.
MIX PROPROTIONS AS PER ACI 211.1-91
Table-4 Mix proportions for M15 grade of concrete
materials
Proportions for
Proportions
conventional(kg/
for
3
m )
No
fines
concrete(kg/m

)

3

Cement

277.7
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Fine
642.04
0
aggregates
Coarse
1193.94
1193.94
aggregates
Water
0.3
0.3
cement ratio
by mass
Admixture(m 55.54
55.54
l)
Table-5 Mix proportions for M20 grade of concrete
materials
Proportions for Proportions
Conventional
for
3
(kg/m )
No
fines
concrete(kg/m

specimen were taken.. The resistance of concrete to
sulphate attack was found by the % loss of weight of
specimen and the % loss of compressive strength on
immersion of concrete cubes in 3-5% magnesium
sulphate water.
5 EXPERIMENTAL RESULTS
5.1 WORKABILTY :Results obtained from
compaction factor test showing that the workability
of concrete
Table-7 Compaction factor for conventional
concrete and No fines concrete

GRADES
OF
CONCRETE

CONVENTIONAL
CONCRETE

NO FINES
CONCRETE

M15

0.8

0.85

M20

0.84

0.89

M25

0.87

0.92

)

3

Cement

380

380

Fine aggregates

563.06

0

Coarse
aggregates
Water cement
ratio by mass
Admixture(ml)

1113.75

1113.75

0.3

0.3

76

76

COMPACTION FACTOR

Table-6 Mix proportions for M25 grade of concrete
materials
Proportions
Proportions
for
for
Conventional
No
fines
3
(kg/m )
concrete
3

452.38

(kg/m )
452.38

Fine aggregates

503.2

0

Coarse
aggregates
Water cement
ratio by mass
Admixture(ml)

1113.75

1113.75

0.3

0.3

90.47

90.47

Cement

4 SULPHATE ATTACK
To determine the resistance of various
concrete mixtures to sulphate attack, the residual
compressive strength of concrete mixtures of cubes
immersed in alkaline water having 5% of Magnesium
sulphate (MgSO4) by weight of water was found. The

Fig – 2Workability variation of conventional and
pervious concrete for different grades
5.2 COMPRESSIVE STRENGTH:
These results are obtained by testing the
total 6 specimens for 7 days and 28 days and by
considering the average of the test results and that
are tabulated in table
Table-8 compression strength of No fines
concrete cubes cured in water and cured in
MgSO4.

concrete cubes which were cured in MgSO4 were
removed from the curing tank and allowed to dry for
one day. The weights of concrete cube
230

2

GRADES OF COMPRESSIVE STRENGTH(N/mm )
CURED IN MgSO4
CURED IN WATER
CONCRETE
7 DAYS
28 DAYS
7 DAYS
28 DAYS
M15
11.02
16.32
8.96
15.1
M20
14.98
20.79
12.82
18.74
M25
19.86
24.4
17.2
25.53
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Table-9 compression strength of conventional
concrete cubes cured in water and cured in
MgSO4.
2

GRADES OF COMPRESSIVE STRENGTH(N/MM )
CURED IN MgSO4
CURED IN WATER
CONCRETE
7 DAYS
28 DAYS
7 DAYS
28 DAYS
M15
14.6
19.1
13.03
18.8
M20
17.26
25.44
15.6
24.03
M25
21.3
30.88
19.3
28.87

Fig-3 Seven days compressive strength variation of
conventional and No fines concrete cured in water
and cured in MgSO4.

Fig-4 Twenty eight days compressive strength
variation of conventional And No fines concrete
cured in water and cured in MgSo4.
SPLIT TENSILE STRENGTH:
These results are obtained by testing the
total 6 specimens for 7 days and 28 days and by
considering the average of the test results that are
tabulated in table
Table-10 Split tensile strength of No fines
concrete cylinders cured in water and cured in
MgSO4.
2)

GRADES OF SPLIT TENSILE STRENGTH(N/mm
CURED IN MgSO4
CONCRETE CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS
M15
0.98
1.22
0.84
1.08
M20
1.17
1.57
1.04
1.39
M25
1.41
2.05
1.29
1.82
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Table-11 Split tensile strength of conventional
concrete cylinders cured in water and cured in
MgSO4.
2)

GRADES OF SPLIT TENSILE STRENGTH(N/mm
CURED IN MgSO4
CONCRETE CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS
M15
2.11
3.26
1.65
2.92
M20
3.19
4.7
2.93
3.99
M25
4.04
5.2
3.11
4.82

Fig-5 Seven days split tensile strength variation of
conventional and No fines concrete cured in water
and cured in MgSO4.

Fig-6 Twenty eight days split tensile strength
variation of conventional and No fines concrete
cured in water and cured in MgSO4.
FLEXURAL STRENGTH :
These results are obtained by testing
the total 6 specimens for 7 days and 28 days and
by considering the average of the test results
that are tabulated in table
Table-12 Flexural strength of No fines concrete
beams cured in water and cured in MgSo4.
2

GRADES OF FLEXURAL STRENGTH(N/mm )
CURED IN MgSO4
CONCRETE CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS
M15
3.79
5.18
3.13
4.91
M20
6.68
7.36
6.09
7.06
M25
8.89
10.28
8.26
9.92
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Table-13 Flextural strength of conventional
concrete beams cured in water and cured in
MgSO4.
2

GRADES OF FLEXURAL STRENGTH(N/mm )
CURED IN MgSO4
CONCRETE CURED IN WATER
7 DAYS
28 DAYS
7 DAYS
28 DAYS
M15
5.43
7.1
4.51
6.37
M20
8.44
10.12
7.32
9.55
M25
10.37
12.57
9.03
11.12

PERMEABILITY TEST: These results are obtained by
testing the total 9 specimens for conventional and
no fines concrete by varying the pressure
differences and the results are tabulated in the table
.Table-15 Permeability of conventional concrete
and No fines concrete
PRESSURE
DIFFERENCE
(Pa)

PERMEABILITY OF CONVENTIONAL PERMEABILITY OF NO FINES
CONCRETE(cm/sec)
M15
M20
-14

5

5.6X10

10

1.8X10

15

8.6X10

-14
-15

CONCRETE(cm/sec)
M15
M20

M25

-14

3.2X10

-15

9.48 X10

-15

6.23 X10

-14

1.39 X10

-15

7.47 X10

-15

3.25 X10

-3

6.6 X10

-3

1.2 X10

-4

8.9 X10

M25
-3

1.01X10

-4

8.2 X10

-4

5.4 X10

-4

9.42 X10

-4

6.01 X10

DISCUSSION
COMPRESSIVE STRENGTH: A decrease in the

Fig-7 Seven days flextural strength variation of
conventional and No fines concrete cured in water
and cured in MgSO4.

compressive strength of M15,M20 and M25 grades of
no fines concrete by 18.2%, 14.5% and12.6%
respectively is found compared to the conventional
concrete.
The computed values of the compressive strength of
both conventional and no fines concrete establish
that compressive strength of no fines concrete is
less than that of conventional concrete.
SPLIT TENSILE STRENGTH: It is evident from the
study that the tensile strength of M15, M20 and M25
grades of no fines concrete is decreased by 40.2%,
38.4% and 36.2% respectively in comparison with
the conventional concrete.

Fig-8 Twenty eight days flextural strength variation
of conventional and No fines concrete cured in
water and cured in MgSO4.
DENSITY OF CONCRETE: The density of concrete
cubes for different grades of conventional and no
fines concrete are shown below.
Table-14 Density of conventional concrete and No
fines concrete
GRADE OF
CONCRETE
M15
M20
M25

232

3

DENSITY OF CONCRETE (kg/m )
CONVENTIONAL
NO
FINES
CONCRETE
CONCRETE
2340
1612
2375
1656
2394
1685

The calculated split tensile strength values of both
conventional and no fines concrete prove that the
tensile strength of no fines concrete is less than that
of conventional concrete.
FLEXURAL STRENGTH: Observations conclude that
the flexural strength of M15, M20 and M25 grades of
no fines concrete is decreased by 29.9%, 27.6% and
24.6% respectively when compared to the
conventional concrete. Illustrative computation of
flexural strength values of both conventional and no
fines concrete prove that flexural strength of no
fines concrete is less than that of conventional
concrete.
DENSITY OF CONCRETE: It is observed that the
density of M15, M20 and M25 grades of no fines
concrete is decreased by 31.1%, 30.2% and 29.6% as
against that of conventional concrete.
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The computed density of no fines concrete is noted
to have decreased in comparison with that of
conventional concrete.
PERMEABILITY: It has been observed that coefficient
of permeability of M15, M20 and M25 grades of no
fines concrete is increased by 82.4%, 79.6% and
72.8% respectively in comparison with the
conventional concrete.
Computations establish that the coefficient of
permeability values is more for no fines concrete
than the conventional concrete.

permeability considering the “environmental
aspects” also:






WORKABILITY: Form the calculated workability
values it is observed that for M15, M20 and M25
grades of no fines concrete are increased by 5.8%,
5.6% and 5.4% respectively when compared to the
conventional concrete.




DURABILITY BY SULPHATE
ATTACK COMPRESSIVE STRENGTH



(A)
NO FINES CONCRETE: The spilt tensile
strength of M15, M20 and M25 grades of no fines
concrete is decreased by 11.4%, 11.46% and 11.21%
respectively.
(B)
CONVENTIONAL CONCRETE: The spilt
tensile strength of M15,M20 and M25 grades of no
fines concrete is decreased by 10.42%, 11.5% and
9.4% respectively.
FLEXURAL STRENGTH:
(A)
NO FINES CONCRETE: The flexural strength
of M15, M20 and M25 grades of no fines concrete is
decreased by 11%, 10.1% and 8.2% respectively.
(B)
CONVENTIONAL CONCRETE: The spilt
tensile strength of M15, M20 and M25 grades of no
fines concrete is decreased by 10.28%, 8.5% and
11.5% respectively.
CONCLUSIONS
The following conclusions are drawn based
on the experimental investigations on compressive
strength, split tensile, flexural, durability,
233

Similarly the tensile and flexural strength values
are also comparatively lower than the
conventional concrete by 30%. 
Though the pervious concrete has low
compressive, tensile and flexural strength it has
high coefficient of permeability hence the
following conclusions are drawn based on the
permeability, environmental effects and
economical aspects. 
It is evident from the project that no fines
concrete has more coefficient of permeability. 
Hence, it is capable of capturing storm water
and recharging the ground water. As a result, it
can be ideally used at parking areas and at
residential areas where the movement of
vehicles is very moderate.

(A) NO FINES CONCRETE: The compressive strength
of M15, M20 and M25 grades of no fines concrete is
decreased by 15.5%, 16.2% and 12.8%.
(B) CONVENTIONAL CONCRETE: The spilt tensile
strength of M15, M20 and M25 grades of no fines
concrete is decreased by 14.8%, 13.7% and
15.05%respectively.
SPLIT TENSILE STRENGTH:

Pervious concrete has less strength than
conventional concrete by 18.2% for M15, 14.5%
for M20 and 12.6% for M25. 




Further, no fines concrete is an environmental
friendly solution to support sustainable
construction. In this project, fine aggregates as
an ingredient has not been used. Presently,
there is an acute shortage of natural sand all
around. By making use of FA in concrete,
indirectly we may have been creating
environmental problems. Elimination of fines
correspondingly decreases environment related
problems. 

In many cities diversion of runoff by proper
means is complex task. Use of this concrete can
effectively control the run off as well as saving
the finances invested on the construction of
drainage system. Hence, it can be established
that no fines concrete is very cost effective 
apart from being efficient.
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