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Analysis of Strength Properties of Porous Concrete
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Abstract— The use of pervious concrete for the advancement
of black-tops, vehicle parks and garages is getting celebrated.
To make material specific for pervious strong, it is essential
to guide testing to survey the introduction of this new sort of
tip top concrete. Besides, carbon dioxide release from
Portland solid creation is colossal and adds to a risky climatic
devation which prompts heartbreaking ecological change.
Thusly, it is fundamental breaking point the usage of Portland
concrete in pervious concrete mixes by not entirely displacing
the solid with mechanical result, for instance, fly trash and
slag which have been used successfully as invaluable
cementitious materials in essential concrete mixes. The
middle strength pervious concrete is made by using
customary cementitious materials, sums, and water. This
strong is gone after for its properties, similar to thickness,
porosity, compressive strength, water vulnerability and
drying shrinkage. The principle property of pervious concrete
is its water vulnerability. By and by, there is no standard
exploratory procedure to choose to this property. A technique
was in this manner advanced to choose the water
permeability.  Fly garbage is used as a reinforcing
cementitious material to not entirely replace Portland
concrete in pervious concrete works up to half by weight. To
improve the affirmation of pervious strong, it is imperative to
improve the surface. Due to the unsavory surface and more
prominent void substance, it may be hard for pervious
concrete for wide affirmation by the advancement business.
As such, fine completed pervious mortar is made using
cementitious materials, aggregate and water, and its
properties are investigated. New sort of pervious black-top, a
mix of pervious concrete and pervious mortar, is made and its
properties are analyzed. Pervious concrete having thickness
around 1800 kg/m3 shows the going with properties, porosity
0.32 to 0.36, 28-day compressive strength between 5.7 MPa
and 10.1 MPa, water vulnerability between 9.2 mm/sand 17.3
mm/s, and 56-day drying shrinkage some place in the scope
of 470 and 600 micro strain. The properties of pervious
mortar having 0.35 water/solid extent with hand compaction
are according to the accompanying; thickness of 1690 kg/m3,
porosity of 0.34, 28-day compressive strength of 5.8 MPa,
water permeability 2.6 mm/s, and 56-day drying shrinkage of
490 micro strain. Blend of pervious concrete and pervious
mortar is attempted in thickness and water permeability. The
thickness is around 1750 kg/m3, while the water vulnerability
between 2.3 mm/s and 3.0 mm/s. Further assessment on the
improvement of this structure to have adequate water
vulnerability, strength and durability is recommended. In this
assessment, Our point is to consider the effect of deficient
superseding of cement with Silica rage powder by 2%, 3%,
4%, 5% and 6% by weight to take a gander at it by the
compressive strength of M-25 assessment of strong using
Destructive. In this assessment work it is contemplated that
till 4% extension of silica rage strength of concrete is growing

in both system yet after wards there is annihilation in the
strength.

Keywords: Porous Materials, Concrete, Compressive
Strength, Workability, Consistency, Mix Design

I. INTRODUCTION

Compression tests are used to determine how a product or

material reacts when it is compressed, squashed, crushed or

flattened by measuring fundamental parameters that
determine the specimen behavior under a compressive load.

These include the elastic limit,which for "Hookean" materials

is approximately equal to the proportional limit, and also

known as yield point or yield strength, Young's Modulus

(these, although maostly associated with tensile testing, may

have compressive analogs) and compressive strength.

Compression tests can be undertaken as part of the
design process, in the production environment or in the
quality control laboratory, and can be used to:

— Assess the strength of components e.g. automotive and
aeronautical control switches, compression springs,
bellows, keypads, package seals, PET containers, PVC /
ABS pipes, solenoids etc.

—  Characterise the compressive properties of materials e.g.
foam, metal, PET and other plastics and rubber

— Assess the performance of products e.g. the expression
force of a syringe or the load- displacement
characteristics of a tennis ball.

A. Types of Compression Testing

Types of compression testing include:

—  Flexure/Bend

—  Spring Testing

— Top-load/Crush

1) Benefits of Compression Testing:

Compression testing provides data on the integrity and safety

of materials, components and products, helping

manufacturers ensure that their finished products are fit-for-

purpose and manufactured to the highest quality.

The data produced in a compression test can be used in many

ways including:

—  To determine batch quality

— Todetermine consistency in manufacture

— Toaid in the design process

— Toreduce material costs and achieve lean manufacturing
goals

— To ensure compliance with international and industry
standards

2) Materials under Compression:

Certain materials subjected to a compressive force show

initially a linear relationship between stress and strain. This

is the physical manifestation of Hooke's Law, which states: E

= Stress (s) / Strain (e) where E is known as Young's Modulus

for compression. This value represents how much the
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material will deform under applied compressive loading
before plastic deformation occurs. A material's ability to
return to its original shape after deformation has occurred is
referred to as its elasticity. Vulcanized rubber, for instance, is
said to be very elastic, as it will revert back to its original
shape after considerable compressive force has been applied.
Once a certain force or stress threshold has been achieved,
permanent or plastic deformation will occur and is shown on
graphs as the point where linear behavior stops. This
threshold is known as the proportional limit and the force at
which the material begins exhibiting this behavior is called
the yield point or yield strength. A specimen will then exhibit
one of two types of behavior; it will either continue to deform
until it eventually breaks, or it will distort until flat. In either
case a maximum stress or force will be evident, providing its
ultimate compressive strength value .Each of these
parameters offers useful information relating to the physical
characteristics of the material in question.

Some materials, such as a PET bottle, distort during
a compression test and are measured by the degree of
distortion, whereas other materials such as ceramics fracture,
produce a definitive compressive strength value.

B. Applications of Compression Testing

Compression testing is used to guarantee the quality of
components, materials and finished products within a wide
range industries. Typical applications of compression testing
are highlighted in the following sections on:

— Aerospace and Automotive Industry

—  Construction Industry

— Cosmetics Industry

— Electrical and Electronic Industry

— Medical Device Industry

— Packaging Industry

—  Paper and Board Industry

— Plastics, Rubber and Elastomers Industry

—  Safety, Health, Fitness and Leisure Industry

C. Material Requirements and Mix Design

Creating a series of mix designs include considerations for
the subbase, compaction methods, and mechanical, hydraulic,
and thermal properties of the pervious pavement.

Tables of summaries for mix designs used by other
researches and the lab results obtained can be found in
Appendix A. The subbase material and thickness are
important 5 to the effectiveness of storm water absorption and
the effectiveness of the overall system. Mechanical properties
of fresh and hardened concrete include workability,
compressive strength, flexural strength, elastic modulus,
density, shrinkage, and freeze-thaw durability. Hydraulic
properties are also crucial, as permeability is the key feature
to this type of systems, although permeability is typically not
an issue compared to other properties, since the lack of sand
makes the concrete super porous. In addition, the designer
must consider the purpose of the pavement, the location and
climate behavior where the pavement system would be
casted, and compaction methods for both the subbase and the
concrete. Out of all properties considered, the most important
characteristics are mechanical strength, drainage ability, and
freeze-thaw durability which are more specific to locations

subject to colder winter weather and heavy rain/snowfall
throughoutwinter.

Typically pervious concrete uses only coarse
aggregate, cement, water, and admixtures, and sometimes
limited amounts of sand. Sand increases mechanical strength
but sacrificesporosity and drainability in return (Bonicelli et
al., 2015). The standard coarse aggregates used are generally
crushed stone or river gravel, and the size typically ranges
from 3/8 in to 1 in (Amde and Rogge, 2013, ASTM C33).
While larger aggregates allow for more void space increasing
permeability, smaller sized aggregates improve the
workability of the mix (Flores et al, 2007). While
conventional and porous concrete pavements generallyuse
crushed stones which is economically efficient, round river
gravel is more expensive and less readily available, However,
the naturally round shape of river gravels increases mix
workability also increasing the mechanical strengths of the
mix.

D. Determination of Compressive Strength of Concrete

Determination of the concrete compressive strength requires
preparation, curing, and testing of special specimens. In spite
of the fact that this is all around acknowledged by the
development business, there exist a few contrasts between the
3D shape or barrel quality and real quality of cement in the
structure. This is by and large emerged from conceivable
diverse curing and compaction of cement in the structure. For
in-situ solid quality, there are some dangerous and non-
ruinous techniques.

UPV test is one of the most popular nondestructive
techniques used in the assessment of the concrete properties
in structures. The interpretation of the test results, however,
is very difficult since UPV values are influenced by a number
of factors although the UPV test is fairly simple and easy to

apply.

II. METHODOLOGY:

For fulfilling the objectives following methodology is

required to be applied,—

— Preparation of number of 150 mm cube specimens
covering the strength range to be encountered on the job
site. Cubes are required to be cured under standard moist
curing room conditions.

— Ensure that cubes are in saturated surface dry conditions.
Then UPV test have to be performed as per Indian codes.

— Test the cubes to failure in compression and obtain a
relation between values of compressive strength, UPV
and density of concrete core.

Cubes were prepared for getting a range of 2%, 3%,

4%, 5% and 6% silica fumes percentage by weight.

Compressive strength 25 MPa. All the samples prepared

Cubes are required to be cured under standard moist

conditions.

III. RESULT ANALYSIS AND DISCUSSION
Comparing resulting strength of Destructive (CTM)

Cube no. | Compression testing machine strength (Mpa)
1 24.16
2 24.76
3 24.55
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Table 6.1: result for 2% silica fumes
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Graph 6.3: result of CTM

Cube no. | Compression testing machine strength (Mpa)
1 23.47
2 2451
3 24.17
22 225 23 23.5 24 245 25 255 26 4 2475
5 24.27
m Crushing strength (f) of Cube (MPa) m Compression testing machine strength {Mpa) 6 2357
Graph 6.1: result of CTM 7 23.01
Cube no. | Compression testing machine strength (Mpa) 8 22.42
1 24.06 9 21.83
2 24.96 10 21.24
3 24.46 Table 6.4: result for 5% silica fumes
g 2526 Cube sample with 5% silica fumes
6 24.86 , ——
8 24.46  ——
9 24.86 5
10 25.46 ) ————
I EEEEEEEEEE——
I —

Table 6.2: result for 3% silica fumes

Cube sample with 3% silica fumes
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Graph 6.4: result of CTM

Cube sample with 6% silica fumes

Cube Compression testing Crushing strength
no. machine strength (Mpa) (f) ofCube (MPa)
1 23.3 23.5
22 22.5 23 23.5 24 24.5 25 25.5 26 2 231 233
3 22.3 22.5
m Crushing strength (f) of Cube (MPa) m Compression testing machine strength {Mpa} 4 218 22
Graph 6.2: result of CTM 5 21.1 21.3
Cube no. | Compression testing machine strength (Mpa) 6 20.45 20.65
1 24.12 7 19.8 20
2 24.67 8 19.15 19.35
3 25.22 9 18.5 18.7
4 25.77 10 17.85 18.05
5 25.25 Table 6.5: result for 6% silica fumes
6 25.01
7 24.77
8 24.53
9 25.4
10 25.2

Table 6.3: result for 4% silica fumes
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Cube sample with 6% silica fumes
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Graph 6.5: result of CTM

Compression testing machine strength {Mpa)

1) Inferences:

In the above tables and graphs it is clearly observed that there
is an approximate variation of 20% in strength results in
CTM results, where CTM results are higher in values
comparatively, So here it can be concluded that as per I.S.
13311 part-1 (1992) the variation in results are accepted.

B. Slab Test Results:

The field slabs described in Chapter 11 are still being tested.
Field tests are still being conducted on thermal performance
and reflectivity for both pervious concrete and conventional
concrete. At the conclusion of these tests, the slabs will be cut
and samples will be used to test for density, permeability, as
well as compression and bending.

1) Mix Design:

Eleven different pervious concrete mix designs were
evaluated, including commercially available mixes and
laboratory mixes. Mechanical properties such as compressive
strength, flexural strength, flexural stiffness, tensile strength,
and elastic modulus were measured. Shrinkage and freeze-
thaw resistance were also tested. By modifying mix
proportions, aggregate sizes and types in the previous
concrete mix designs, the observed changes in physical
characteristics, mechanical properties, and hydrological
properties were evaluated. Careful control of the mix design
to provide proper workability within allowable transit times
as well as the ability to withstand freeze-thaw, and modulus
measurements were found to be important to creating
successful field mixes from laboratory trials.

IV. CONCLUSION:

The focal point of this investigation was to assess mechanical
properties and hydrological properties of different pervious
solid blend plans for use in walkways inNew Jersey. A few
blend plans were chosen dependent on existing
determinations and provider's blend plan, and changes of
them. The factors were concrete substance,total substance,
water-to-solidify proportion, the presence of sand, fly debris,
or slag, and admixtures. In view of the consequences of this
investigation the accompanying ends can be introduced.

1) Usefulness: blends PRC-10 and PRC-11 were the most
serviceable blends true to form. During both the blending
and position measure, blends PRC-10 and PRC-11
showed proper consistency and the blends were not
difficult to work with. The round math of the rock totals
may have added to the great functionality. The blend
likewise hydrated well during arrangement giving no

2)

3)

4)

5)

6)

(1]

(2]

(3]

[4]

[5]

[6]

indication of seeping with sufficient opportunity or
position before it begins to set. PRC-1, PRC-2, PRC-3
and PRC-6 were additionally had worthy usefulness
however not as much as PRC-10 and PRC-11. Blend
PRC-7 was drier and less serviceable, no doubt because
of the low cementitious material to water proportion in
the blend plan, albeit the blend performed tolerably over
all. The expansion of Viscosity Modifying Admixture in
PRC-5 improved the functionality of the blend. Situation
and completing: care should be taken while setting
pervious cement in molds in order to evade over-
compaction which would change its properties. The top
surface of examples (chambers, crystals, and pillars)
should be deliberately leveled to guarantee uniform use
of burdens and maintain a strategic distance from
irregularities in testing information.

Vibration: There are no ASTM rules on vibrating of
pervious solid lab examples or whether they ought to be
vibrated. In this investigation, delicate rodding was
utilized in two layers barely enough to have uniform
dispersion to blend in the shape and evade undesired
extra voids because of position. The length of vibration
and sort of vibrating

Hard ware will significantly affect the physical and
mechanical properties of pervious cement. Justify that
there is a variation of approximately 20% in destructive
(CTM) testing methods.

Silica fume replacing cement upto 4% is giving strength
but further increment resultsin downfall in strength.

It can be concluded that the use of industrial waste (silica
fume) in construction industry is applicable and can be a
good replacement of cement %.

In this research, next to the CTM parameter to estimate
the compressive strength, density parameter has also
been taken into consideration. When the density, which
can be easily determined, has been taken into account, it
has been useful for more accurate prediction of concrete
strength.
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