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CHAPTER 1
INTRODUCTION

1.1 GENERAL

In the world of construction, concrete like other materials is playing an important role in
development. concrete is a composite material which is a mixture of cement, fine
aggregate , coarse aggregate and water .The major constituents of which is natural
aggregate such as gravel, sand, Alternatively, artificial aggregates such manufactured
sand furnace slag, fly ash, expanded clay, broken bricks and steel may be used where
appropriate. It possesses many advantages including low cost, general availability of raw
material, adaptability, low energy requirement and utilization under different

environmental conditions.

The goal of sustainable construction is to reduce the environmental impact of a
constructed facility over its lifetime. Concrete is the main material used in construction in
the world. Due to increase in Construction and Demolition activities worldwide, the
waste concrete after the destruction of any infrastructure is not used for any purpose
which is totally loss in the economy of the country because natural resource are depleting
day by day. The debris is also a major problem for municipal authorities to dispose of at
particular location. It is most common practice in all over the world that most of the
materials (paper, plastic, rubber, wood, concrete, etc) are being recycled to save the
natural resources and environment. Concrete is such a costly material but Now a day’s
waste concrete is only being used as a landfill material instead of recycling the concrete

as a recycled concrete aggregate (RCA) to use for the construction purposes.

Therefore concrete will continue to be the construction material in the foreseeable. There
is need to improve its properties like workability, strength and durability of concrete. The
research has been executed in order to utilize smaller quantities of cement and
aggregates, also conserve our natural resources of raw material, and reduce the cost of

structural concrete.



Waste and Recycled material in concrete

The concrete technologist’s are continuously making efforts to overcome problems in
different ways and are making improvement to conserve energy, raw materials,
development of high strength concrete, pre-stressed concrete, high early strength , low
possible water/cement ratio while maintaining high workability, to improve mechanical
and structural properties of fresh and hardened concrete so as to make structural concrete

as economical.

To achieve sustainable issue in construction area, researchers and companies focus on
using waste concrete as a new construction material. It is called recycled aggregate which
can be produced by concrete crusher. The aggregates are categorized by size as coarse
and fine aggregate. If recycled aggregates were practically useful in construction area,
two aspects would be expected. One is illustrated at the beginning of introductions; the
other one is that we could reduce consumption of natural aggregate resources. Although
using recycled aggregates has great opportunity to preserve healthy environment, the
properties and characteristics of recycled aggregates has not been fully investigated yet.

Since it is hard to standardize the characteristic of recycled aggregates, all the researchers
who study recycled aggregate should perform experiment of their concrete, which will be
used for recycled aggregate, to gain the characteristics of their specimens. The
characteristic of recycled aggregates could be different by its parent concrete because the
parent concrete was designed for its purposes such as permeable, durable and high
strength concrete. For example, water to cement ratio of parent concrete will give an
impact on water absorption capacity of recycled aggregates which is related to

characteristics of concrete issue such as durability, permeability, and strength.

Recycling concrete is a viable option to decrease the demand on high quality natural
resources and to limit the amount of waste that is disposed in landfills. Recycled concrete
has been primarily used as a unbound material in embankments, bases, and sub-bases.

Engineers have also used recycled concrete as an aggregate in the construction of new
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structures such as concrete pavements but with limited frequency. The use of recycled
concrete in load bearing structures has not gained wide acceptance probably because of
the lack of accessible information on the subject, such as expected fresh and hardened
material properties. Concrete is not the only recycled material that has been used in
previous construction applications. Recycled asphalt, fly ash, and slag have been used in
past projects. Recycled materials contribute to material sustainability, reduce
environmental impact of demolished materials, and can have positive financial
implications for certain projects. The cost of a project could decrease if concrete does not
have to be hauled and dumped, and instead be used to replace a portion of virgin

aggregate in the new concrete structure.

1.2 AGGREGATES

Aggregates content is a factor which has direct & far reaching effects on the both quality
& cost of concrete unlike water and cement, which do not alter any particular
characteristics except in the quantity in which they are used, the aggregate component is
infinity variable in terms of shape & grading With fine aggregates, graded below
fractions 5 mm sieve size, the difference in particles shape & surface texture affect bulk
void content & fresh properties of concrete, leading to properties of hardened concrete.

Aggregates those are chemically inert materials which when bonded by cement paste to
form concrete constitute the bulk of total volume of concrete & hence they influence the
strength of concrete to a great extent. Depending upon their size, the aggregate are
classified as the fine aggregate & coarse aggregates. The material passing through 4.75
mm sieve size is termed as fine aggregates. Natural sand or crushed sand is usually

mainly as fine aggregates in concrete mixes.
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1.2.1 NATURAL AGGREGATE

Aggregates can come from either natural or manufactured sources. Natural aggregates
come from rock, of which there are three broad geological classifications.

Igneous rock, These rocks are primarily crystalline and are formed by the cooling of
molten rock material beneath the earth’s crust (magma). Sedimentary rocks, These rocks
are formed from deposited insoluble material (e.g., the remains of existing rock deposited
on the bottom of an ocean or lake). This material is transformed to rock by heat and
pressure. Sedimentary rocks are layered in appearance and are further classified based on
their predominant mineral as calcareous (limestone, chalk, etc.), siliceous (sandstone,
etc.) or argillaceous (shale, etc.). Metamorphic rock, These are igneous or sedimentary
rocks that have been subjected to heat and/or pressure great enough to change their

mineral structure so as to be different from the original rock.

Aggregates are produced in a quarry or mine whose basic function is to convert in situ rock into
aggregate with specified characteristics. Usually the rock is blasted or dug from the quarry walls
then reduced in size using a series of screens and crushers. Some quarries are also capable of

washing the finished aggregate.

1.2.2 Recycled Aggregates

Construction materials are increasingly judged by their ecological characteristics.
Concrete recycling gains importance because it protects natural resources and eliminates
the need for disposal by using the readily available concrete as an aggregate source for
new concrete or other applications. . The states that do use recycled concrete aggregate
(RCA) in new concrete report that concrete with RCA performs equal to concrete with
natural aggregates. Most agencies specify using the material directly in the project that is
being reconstructed. Recycling of concrete is a relatively simple process. It involves
breaking, removing, and crushing existing concrete into a material with a specified size

and quality.
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1.2.3 Aggregate Characteristics

The crushing characteristics of hardened concrete are similar to those of natural rock and
are not significantly affected by the grade or quality of the original concrete. Recycled
concrete aggregates produced from all but the poorest quality original concrete can be
expected to pass the same tests. Recycled concrete aggregates contain not only the
original aggregates, but also hydrated cement paste. This paste reduces the specific
gravity and increases the porosity compared to similar virgin aggregates. Higher porosity
of RCA leads to a higher absorption.

FIG.1.2.3

Fly ash, a powder resembling cement, has been used in concrete since the 1930s.
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Cement is the most costly and energy-intensive component of concrete. The unit cost of
concrete can be reduced by partial replacement of cement with fly ash. The disposal of
fly ash is one of the major issues for environmentalists, as dumping of fly ash as waste
material causes severe environmental problems. The utilization of fly ash instead of
dumping it as a waste material can be partly used on economic grounds as pozzuolana for
partial replacement of cement and partly because of its beneficial effects of lower water
demand for similar workability, reduced bleeding and lower evolution of heat. It has been
used particularly in mass concrete applications and large volume placement to control

expansion due to heat of hydration and also helps in reducing cracking at early ages.

Fly ash is produced from burning of pulverized coal in thermal power plants. The
pulverized coal is fed into the boilers and burnt with the supply of additional air. The
temperature in the boiler exceeds 1600 C and the most of the mineral matter present in
the coal are fused and altered physically and chemically. The resulting residue is called
coal combustion by-products namely bottom ash, economizer ash, air pre-heater ash, and
electrostatic precipitator ash (fly ash). These ashes are handled and disposed off
separately owing to their differing qualities by mechanical, hydraulic and pneumatic
conveying systems. The quality of ash produced is dependent on various factors like
source coal and its degree of pulverization, design of furnace, changes in coal supply,
changes in boiler load, and firing condition. Because of this inherent variability of the
material, it is necessary to study the characteristics and engineering behavior of fly ash in

detail before its use in an application.

Fly ash is a promising and economical alternative material to construction engineering
applications. Review of literature shows that fly ash has been utilized in the construction
of pavement construction, in high strength concrete, high performance concrete and in

other applications.
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FIG.1.24

(Scanning electron micrographs of inhomogeneous spherical particle types of fly ashes .)

There are two classes of fly ash namely class F and class C. Class F fly ash is produced
from burning anthracite or bituminous coal and is pozzolanic in nature and class C is
obtained from lignite or sub-bituminous coal. Class C fly ash possesses both pozzolanic
and self-hardening property. Hence, it is necessary to characterize the material
scientifically to utilize it in different applications.

The main chemical compounds of class F fly ash are silica, alumina and iron oxide. Other
minor constituents include oxides of calcium, magnesium, titanium, sulphur, sodium and
potassium. Class C fly ash contains relatively higher proportion of calcium oxide and
lesser proportion of silica, alumina and iron oxide than class F fly ash

1.3 OBJECTIVES
The main objectives of the research are:
* Reusing waste materials.

* Reducing the production costs of concrete in terms of natural resources, energy and

economical costs.
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* Modifying the mechanical and physical properties of concrete in the fresh and hardened

states.

It aims to explore the effects of replaced materials on properties of concrete both in fresh
and hardened state. It requires to examine strength & workability of concrete with
recycled aggregate as replacement with natural aggregate and to enhance of compressive

strength with aid of locally available material say recycled aggregate.

1.4 METHODOLOGY

In order to achieve the above task and to verify the assumptions made general objectives
is divided into the following phases. The research studies comprises of following phases:-

1.4.1 Phase - |

Literature survey of recycled aggregate, previous research of concrete based on the
recycled aggregate and effects on the important properties of concrete such as workability
and strength will be studied. Research papers on compressive strengths of fly ash
concrete and Ordinary Portland Cement determining efficiency of use of waste and

recycle material in concrete.

1.4.2 Phase — 11

In this phase concrete samples will be prepared in laboratory. Approximately 15 cube
specimens will be cast for testing the compressive strength of concrete. After 7, 14, 28
days the compressive strength of these specimens will be computed. M20 and M25 grade

concrete prepared. These results will be used to find the reduction in strength of concrete
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by using different proportion (0%, 10%, 30% & 50%) of recycled aggregate with respect
to natural aggregate tests will be conducted within estimated time.

In this phase we prepare approximately 8 cubes of different mixture proportioning of fly
ash concrete(15%,25% & 35%) and Ordinary Portland Cement ,and the comparitive

results are shown.M20 and M25 grade concrete prepared.

1.4.3 Phase — 111

Experimental work will be executed, taking into consideration the physical properties of
constituent’s materials. Laboratory tests and results are reported. Analysis of test results
and observations are drawn, all results are completed in the form of tables & graphical
representation will be established for comparison of two natural and recycled aggregate
with reference to strength , workability of concrete and compressive strength between fly
ash concrete and Ordinary Portland Cement. Based on this comparative study of this
experimental work, conclusions and recommendations are presented in order to establish

guideline for future.

1.5 RESEARCH SIGNIFICANCE

Aggregate characteristics have significant effects on concrete workability and other
properties. However, limited work has been conducted studying the effects systematically
and quantitatively. There is little published data on use of recycled aggregate as substitute
to natural aggregate. The process of forming natural aggregate deposits occurred over
billions of years and as they work exploited, they are not replenished at the rate are being
used .Environmental pressure, cost and a storage in this type of deposit in developed
countries necessitated the manufacturing of concrete aggregate. In this work, an attempt

has been made to study the use of recycled aggregates, its strength, its weaknesses and
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the overall effectiveness when the natural aggregate replaced by recycled aggregate with

particular proportions in constructions activities.

1.6 ENVIRONMENTAL IMPACT

There are following major factors which highly depends on the environment on the basis

of recycling aggregate during any type of construction
* Dust

» Noise

1.6.1 Dust

Dust sources associated with mineral, waste and construction type activities fall into two
types:

Material crushing, screening and segregation plant and conveyor transfer of material,
large stockpiles/spoil heaps with no containment where the surface is vulnerable to wind
erosion. Vehicles travelling over unmade surfaces, particularly at high speeds, cause
particles to be elevated with the finer particles capable of being carried long distances
beyond site boundaries. Transportation and handling of material using loaders,
excavators, and Lorries can produce dust through spillage and wind erosion. The
following help eliminate wind entrainment of dust and therefore stop the dust becoming

airborne at source.

Crushers and screeners operating inside would need specialist dust collection and
filtration equipment for the working environment and to reduce dust escaping, through
material access and exit from the building. Free falling fine material can be taken by the
wind and larger material can fragment on compaction, therefore discharge of the material

from chutes should be as close as possible to the stockpile.

10
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1.6.2 Noise

Noise created through the process of aggregate recycling can have a significant impact on
the environment. It is therefore important to recognize this and manage it carefully. Noise
from the production of recycled aggregates is normally not sufficiently high to cause
physical damage to property or hearing, but it may well be high enough to cause
disturbance. Noise is therefore a ‘nuisance’ issue for recycled aggregates operations.
Crushing and screening plants are normally hydraulically activated with the hydraulic
pressure generated by a diesel engine, which is one source of noise. In both, noise is also
created by material impacting the metal hoppers and chutes of the machine. The crusher
produces noise from the impact of the jaws or hammers on the material. In screens, the

movement of the material across the screen surface can cause noise

11
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CHAPTER 2
LITERATURE REVIEW

2.1 Performance of recycled aggregate concrete

Concrete is the premier construction material across the world and the most widely used
in all types of civil engineering works, including infrastructure, low and high-rise
buildings, environment protection and local/domestic developments. Concrete is a
manufactured product, essentially consisting of cement, aggregates, water and
admixture(s). Among these, aggregates, i.e. inert granular materials such as sand, crushed
stone or gravel form the major part. In fact many governments throughout the world have
now introduced various measures aimed at reducing the use of primary aggregates and
increasing reuse and recycling, where it is technically, economically, or environmentally

acceptable.

It is now widely accepted that there is a significant potential for reclaiming and recycling
demolished debris for use in value added applications to maximize economic and
environmental benefits. As a direct result of this, recycling industries in many part of the
world, including South Africa, at present converts low-value waste into secondary
construction materials such as a variety of aggregate grades, road materials and aggregate
fines (dust). Often these materials are used in as road construction, backfill for retaining
walls, low-grade concrete production, drainage and brickwork and block work for low-
cost housing. The use of RCA in structural concrete has to be promoted gradually.

The study shows that plain as well as reinforced concrete can be crushed using primary
and secondary crushers to provide crushed aggregate with an acceptable quality to current
BS 882 requirements. Because of the attached cement paste in the RCAs, the density of
these materials is about 3-10% lower and water absorption is about 3-5 times higher than
the corresponding natural aggregates. It is therefore important that density and water
absorption of RCA are determined carefully, prior to their use in concrete production.

The results also indicate that for RCA samples obtained from four different sources, there

12
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was no significant variation in strength of concrete at a given RCA content, indicating no
significant effect if adequate provisions for RCA characteristics are made. The RCA
concrete mixes were found to possess bulk engineering and durability properties similar
to the corresponding natural aggregate concretes, providing they were design to have

equal strength.

2.2 RECYCLED CONCRETE AS COARSE AGGREGATE IN
CONCRETE

Recent cracking and faulting problems occurring in jointed concrete pavements made
with recycled concrete coarse aggregate led to an examination of some of the basic
physical and mechanical properties of concrete made with recycled concrete as coarse
aggregate. Recycling of old Portland cement concrete pavements (PCCP) as aggregate in
new PCCP has been a viable alternative construction approach in recent years for a
number of reasons. This approach lessens the drain on the sometimes limited local natural
aggregate supply; it often reduces total transportation costs for materials on a paving
project; and it eliminates or lessens the increasingly critical environmental problem of
proper disposal of waste concrete. Incorporation of the old concrete as aggregate into the
new concrete is a viable option, however, only if the recycled concrete aggregate and the
new concrete containing it possess those characteristics needed to perform satisfactorily

in the environment and service conditions in which they are placed.

The recycled coarse aggregate will invariably have lower specific gravity and higher
absorption than the original aggregate, due to the presence of cement paste in the
recycled aggregate. The compressive strengths of recycled aggregate concrete are lower
than those of the same mix designs made with virgin aggregate. Required compressive
strengths can easily be met using recycled coarse aggregates. Comparison of the results
from the original and recycled gravel mixes indicates some recycled mixes had higher
flexural strength than the original mixes. As with compressive strength, both were well

above required levels.

13
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2.3 THE ROLE AND INFLUENCE OF RECYCLED AGGREGATE,
IN “RECYCLED AGGREGATE CONCRETE”.

In terms of composition, recycled aggregates, obtained from crushed waste concrete,
consist of original aggregates and adhered mortar. Two factors which need to be taken
into consideration in the use of these recycled materials in the production of new concrete
is their structural behavior and durability. It is the percentage of recycled aggregate used,
which influences the structural behavior of the new concrete. Also, durability of the
recycled aggregate concrete depends on the heterogeneity of the recycled particles. Hence
it is important to identify the mechanical, physical and chemical properties of the original
coarse aggregates, as well as the original fine aggregates present in adhered mortar, to
understand their suitability in the production of recycled concrete. The research involved
experiments to analyze the structural behavior of recycled aggregate concrete, using

different percentages of recycled aggregates.

2.4 USE OF RECYCLE AGGREGATE IN CONCRETE

RCA has a lower specific gravity (2.44-2.46) and higher water absorption (4.5-5.4) than
most natural aggregates. Fine RCA, in particular, has an even lower SG of around 2.32
and very high water absorption of 6.2%. RCA concrete has unit weight in the range of
2240-2320 kg/m3.1t has higher water demand and gave lower compressive strength than
control concrete made from natural aggregate at equal water to cement ratio RCA
concrete has similar flexural strength but lower elastic modulus than control. RCA also
resulted in higher drying shrinkage and creep but comparable expansion to control. The
adherence of mortar to the surface of RCA was the main cause of higher water
absorption, lower SG and poor mechanical properties. Excessive expansion or swelling
can be caused by contamination by plaster and gypsum. Adjustments of the mix design
would be necessary to offset the effect of RCA on workability, absorption, strength and

shrinkage.

14
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The review presented in this report clearly indicates an increasing trend and incentive for
the greater use of manufactured and recycled aggregates in construction. There are,
however, limitations to the use such materials. This report focuses on known benefits and
limitations of a range of manufactured and recycled aggregates. Successful strategy must
be based on both cost and performance. However, the processing and quality control cost
associated with their use plus the premium paid for mix design adjustment to achieve the
same strength grade as concrete with natural aggregates can vary considerably.

2.5 WORKABILITY STUDY FOR RECYCLED AGGREGATES

Significant quantities of waste are being produced and discarded by the construction and
demolition (C & D) industries within the Asia and many other developed countries, and
this is likely to increase considerably in the future. On the other hand, in recent years the
construction industry throughout the world has supported initiatives to improve sustain
ability by increasing the use of recycled aggregates in concrete production. This is mainly
because of the depletion of quality primary aggregates and in some quarters, greater
awareness of environmental protection. It is now widely accepted that there is a
significant potential for reclaiming and recycling demolished debris for use in value
added applications to maximize economic and environmental benefits. As a direct result
of this, recycling industries in many part of the world, including South Africa, at present
converts low-value waste into secondary construction materials such as a variety of
aggregate grades, road materials and aggregate fines (dust). Often these materials are
used in as road construction, backfill for retaining walls, low-grade concrete production,
drainage and brickwork and block work for low-cost housing. With this background, the
study reported here was undertaken to examine suitability of recycled coarse aggregates
(RCA).

The conclusions of this study are, Water absorption of RCA was 5 to 9 times higher and
specific gravity of is 15% to 20% lower than the NCA. Furthermore, RCA had 9 to 11%

lower density. Attached cement mortar and voids in that are the basic reason behind such

15



Waste and Recycled material in concrete

behavior. Water absorption was plotted with logarithmic time which shows that major
water absorption for any recycled aggregate is occurred within first 10 min. It also
indicates here that any washing treatment can be made to this aggregate for 10min can
work properly. These aggregates are used without any type of treatment, i. e. without
washing or any other treatment. Water absorption, specific gravity and density will
further improve, if one can use these aggregates by proper treatment. Known source of
RCA or unknown source of RCA has not major effect for Water absorption, specific
gravity and density. Both types of aggregates are showing almost similar properties.

Elongation and flakiness index were observed little higher for RCA.

2.6 Recycled Concrete as Aggregate for Structural Concrete Production.

A comparative analysis of the experimental results of the properties of fresh and
hardened concrete with different replacement ratios of natural with recycled coarse
aggregate is presented in the paper. Recycled aggregate was made by crushing the waste
concrete of laboratory test cubes and precast concrete columns. Three types of concrete
mixtures were tested: concrete made entirely with natural aggregate (NAC) as a control
concrete and two types of concrete made with natural fine and recycled coarse aggregate
(50% and 100% replacement of coarse recycled aggregate). Ninety-nine specimens were
made for the testing of the basic properties of hardened concrete. Load testing of

reinforced concrete beams made of the investigated concrete types is also presented in the

paper.

Demolition of old and deteriorated buildings and traffic infrastructure, and their
substitution with new ones, is a frequent phenomenon today in a large part of the world.
The main reasons for this situation are changes of purpose, structural deterioration,
rearrangement of a city, expansion of traffic directions and increasing traffic load, natural
disasters (earthquake, fire and flood), etc. For example, about 850 millions tones of

construction and demolition waste are generated in the EU per year, which represent 31%

16
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of the total waste generation. In the USA, the construction waste produced from building
demolition alone is estimated to be 123 million tons per year. The most common method
of managing this material has been through its disposal in landfills. In this way, huge
deposits of construction waste are created, consequently becoming a special problem of
human environment pollution. For this reason, in developed countries, laws have been
brought into practice to restrict this waste: in the form of prohibitions or special taxes
existing for creating waste areas. On the other hand, production and utilization of
concrete is rapidly increasing, which results in increased consumption of natural
aggregate as the largest concrete component. For example, two billion tons of aggregate
are produced each year in the United States. Production is expected to increase to more
than 2.5 billion tons per year by the year 2020. This situation leads to a question about
the preservation of natural aggregates sources; many European countries have placed
taxes on the use of virgin aggregates. A possible solution to these problems is to recycle
demolished concrete and produce an alternative aggregate for structural concrete in this
way. Recycled concrete aggregate (RCA) is generally produced by two-stage crushing of
demolished concrete, and screening and removal of contaminants such as reinforcement,
paper, wood, plastics and gypsum. Concrete made with such recycled concrete aggregate
is called recycled aggregate concrete (RAC). The main purpose of this work is to
determine the basic properties of RAC depending on the coarse recycled aggregate
content, and to compare them to the properties of concrete made with natural aggregate
(NAC).

On the basis of our comparative analysis of test results of the basic properties of concrete
with three different percentages of coarse recycled aggregate content (0%, 50% and
100%), the following conclusions are made. The way of preparing recycled aggregate for
concrete mixtures influences the concrete workability: workability of concrete with
natural and recycled aggregate is almost the same if ?water saturated—surface dry?
recycled aggregate is used. Also, if dried recycled aggregate is used and additional water
quantity is added during mixing, the same workability can be achieved after a prescribed

time. Additional water quantity depends on the time for which the same workability has

17
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to be achieved. It is determined as water quantity for which the recycled aggregate
absorbs for the same period of time. Bulk density of fresh concrete is slightly decreased

with increasing quantity of recycled aggregate.

2.7 Assessment of Recycled Aggregate Concrete

This reports the results of an experimental study on the mechanical properties of recycled
aggregate concrete (RAC) as compared to natural aggregate concrete (NAC). The effects
of size of RA on compressive strength were discussed in this paper. The 100% of RA
used in concrete mix to replace the natural coarse aggregate in concrete with 100 x 100 x
100 cube mm were cast with target compressive strength is 25 Mpa. The 28-day
compressive strength was crushed at 3, 14, 28 days are reported. It was found the size of
10mm and 14 mm of RA in RAC is quite similar performance with 10mm and 14mm size

of natural aggregate (NA) in natural aggregate concrete (NAC).

The 28-day target compressive strength for all six mixes was achieved to 25 MPa even
though the RAC strength is lower than NAC. The compressive strength for RAC is
within the same range compared to NAC and reaching up to 25MPa at day 28 of curing.
The size of RA was affected the strength in compressive strength, the results shows the
10mm and 14mm size of RA is better than 20mm size. The workability (slump test) of
RAC is lower than NAC because the rate absorption of RA is higher than NA. It is
proven that RA size affected the workability and strength of concrete and can be seen

especially in water absorption.

18
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CHAPTER 3
TESTING OF CONCRETE

3.1 Testing On Fresh Concrete

The measurement of workability is the main test which is performed on fresh concrete.

3.1.1 Workability

The workability is defined as “the composite property of fresh concrete involving ease of

13

placing and resistance to segregation is called workability “ .the proportions and
properties of water ,cement, aggregates, admixtures and other replaced materials affect
the workability of concrete .various concreting operations ,if properly done increase the
workability of concrete .to be more specific , the main factors affecting the workability of
concrete are water content ,size of aggregates ,shape of aggregate ,surface texture of
aggregates grading and air entraining agents . workability is mainly affected by water
cement ratio of mix and it increase with increase in water content on account of greater
lubrication .the surface texture of the aggregates such as size of the aggregate, shape of
the aggregates also affects the workability. Angular aggregates reduce the workability
rounder and smoother aggregates requires less water for lubrication than angular and
rougher aggregates .hence workability is increased in the former case with a given water

cement ratio .

Fresh concrete when unsupported will flow the side and sinking in height will take place
.this vertical settlement is known as slump .the workability ease of mixing ,transporting
,placing and compaction of concrete depends on wetness of concert (consistency) i.e.

water content as well as properties of fine aggregate to coarse aggregates to cement ratio .

19
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3.1.2 Measurement of workability

The workability of concrete can be measured by various methods such as slump test,
compacting factors tests and German flow table test. Slump test is generally used in field
and laboratory .it is reliable and convenient test. In this research work the slump test has

been used to study the workability of concrete. It is explained in this article.

3.1.3 Slump test

This is a test used extensively in site work all over the world. The slump test does not
measure the workability of concrete ,although ACI 116R-90 describes it as a measure of
consistency ,but it is very useful in detecting variations in the uniformity of mix of given

nominal proportions.

The slump test is prescribed by ASTM C 143-90a and BS 1881 Part 102:1983.The mould
for the slump test is frustum of cone, 300mm (12in) high. It is placed on a smooth surface
with the smaller opening at the top, and filled with concrete in three layers. Each layer is
tamped 25 times with a standard 16 mm (5/8in).diameter steel rod, rounded at the end,
and the top surface is stuck off by mean of sawing and rolling motion o the tamping rod.
The mould must be firmly held against its base during the entire operation: this is
facilitated by handles or foot —rests brazed to the mould Immediately after filling, the
cone is slowly lifted, and the unsupported concert will now slump —hence the name of the
test .The decrease in the height of slumped concrete is called slump, and is measured to
the nearest 5mm (1/4in).The decrease is measured to the highest point according to BS
1881: Part 102:1983, but to the “displaced original center” according to ASTM C 143-
90a .In order to reduce the influence open slump of the variation in the surface friction. In
the, mould and its base should be moistened at the beginning of every test, and prior to
lifting of the mould the area immediately around the base of the cone should be cleaned

of concrete which may have dropped accidentally.
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The slumped concrete takes various shapes, and according to the profile of slumped
concrete, the slump is termed as true slump, shear slump or collapse slump. If a shear or
collapse slump is achieved, a fresh sample should be taken and the test repeated. A
collapse slump is an indication of too wet a mix. Only a true slump is of any use in the
test. A collapse slump will generally mean that the mix is too wet or that it is a high
workability mix, for which slump test is not appropriate. Very dry mixes; having slump 0
— 25 mm are used in road making, low workability mixes; having slump 10 — 40 mm are
used for foundations with light reinforcement, medium workability mixes; 50 — 90 for

normal reinforced concrete placed with vibration, high workability concrete; > 100 mm.

Fig.3.1.3
(Types of slump)

FT

: L
A islump
' .

:i

Collapse Shear True slump
Types of slump

If instead of slumping evenly all rounds as in a true slump (Fig 3.1), one half of the cone
slides down an Inclined plane, a shear slump is said to have taken place and test should
be replaced. If shear slump persists, as may be the case with harsh mixes, this is an

inclination of lack of cohesion in the mix.
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Mixes off stiff consistency have a zero slump, so that in the rather by range, no variation
can be detected between mixes of different workability .rich mixes behave satisfactorily,
their slump being sensitive to variations in workability however, in a lean mix a with a
tendency to harshness, a true slump can easily change to the shear type, or even to
collapse (fig3.1) and widely different values of slump can be obtained in different

samples from the same mix.

Despite these limitations, the slump test is very useful at the site to check on the batch or
hour- to- hour variation in the materials being fed into mixer, as increase in slump may
mean, for instance, that the moisture content of aggregate has unexpectedly increased
;another cause would be a change in the grading of the aggregates ,such as a defiance of
sand .too low and too high slump gives immediate waning and enables the mixer operator
to remedy the situation .this application of the slump test as well as its simplicity ,is

responsible for its widespread use.

A mini slump test was developed for the purpose of assessing the influence of various
water-reducing admixtures and super plasticizers on neat cement paste. The test may be
useful for the specific purpose, but it is important to remember that workability of
concrete is affected also by factors other than the flow properties of the constituent

cement paste.

3.2 Testing On Hardened Concrete

In the hardened state of concrete, the various properties which need consideration are
strengthen ,durability , permeability , elasticity shrinkage ,thermal expansion and creep
etc . The strength of concrete is defined as the ability to resist force and structural
purposes it is taken as the unit force required to cause rupture which may be compressive
stresses, tensile stresses or shearing stresses .it is an important property as far as structural
designs are concerned. Indirectly it gives idea of most of the other properties (durability,

water resistance, water tightness etc) of concrete .the concrete has high compressive
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strength and therefore ,it is normally required to resist compressive stresses .the
compressive strength is the criterion its quality .others strengths are generally describes in
terms of percentage of compressive strength. A further consideration is that of

compressive strength test are easy to make .this strength of concrete is expressed in MPA.

Lower water content ratios, richer mixes, lower air content, longer periods and greater

ages improve the strength of concrete.

3.2.1 Test for strength in compression

Compressive strength of concrete : Out of many test applied to the concrete,this is the
utmost important which gives an idea about all the characteristics of concrete. By this
single test one judge that whether Concreting has been done properly or not. For cube test
two types of specimens either cubes of 15 cm X 15 cm X 15 cm or 10cm X 10 cm x 10
cm depending upon the size of aggregate are used. For most of the works cubical moulds

of size 15 cm x 15cm x 15 cm are commonly used.

This concrete is poured in the mould and tempered properly so as not to have any voids.
After 24 hours these moulds are removed and test specimens are put in water for curing.
The top surface of these specimen should be made even and smooth. This is done by

putting cement paste and spreading smoothly on whole area of specimen.

These specimens are tested by compression testing machine after 7 days curing or 28
days curing. Load should be applied gradually at the rate of 140 kg/cm2 per minute till
the Specimens fails. Load at the failure divided by area of specimen gives the

compressive strength of concrete.

Minimum three specimens should be tested at each selected age. If strength of any
specimen varies by more than 15 per cent of average strength, results of such specimen
should be rejected. Average of there specimens gives the crushing strength of concrete.

The strength requirements of concrete.
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CHAPTER 4
EXPERIMENTAL WORK

4.1 COLLECTION OF CONSTITUENT MATERIALS

In this research works following material are used:
1 .Cement — Ordinary Portland cement

2 .Fine aggregates — Crush sand

3 .Coarse aggregates

-Natural coarse aggregates

-Recycled coarse aggregates

4 Tap water is used

5 .Fly ash

4.2 TESTING OF FINE AGGREGATES

4.2.1 ADSORPTION TEST

Aggregate adsorption is the increase in mass due to water in the pores of the material.

Aggregate adsorption is a useful quality because:
1. High values can indicate non-durable aggregate.
2. Adsorption can indicate the amount of asphalt binder the aggregate will adsorb.

It is generally desirable to avoid highly adsorptive aggregate in concrete. This is because
asphalt binder that is adsorbed by the aggregate is not available to coat the aggregate
particle surface and is therefore not available for bonding. Therefore, highly absorptive
aggregates require more asphalt binder to develop the same film thickness as less

adsorptive aggregates making the resulting concrete more expensive.
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Fig 4.2.1

Coarse aggregates kept for adsorption

4.3 TESTING OF COARSE AGGREGATES

4.3.1 IMPACT TEST

This test is done to determine the aggregate impact value of coarse aggregates as per IS:
2386 (Part 1V) — 1963. The apparatus used for determining aggregate impact value of
coarse aggregates is Impact testing machine conforming to IS: 2386 (Part 1V)- 1963,IS
Sieves of sizes — 12.5mm, 10mm and 2.36mm, A cylindrical metal measure of 75mm dia.
and 50mm depth, A tamping rod of 10mm circular cross section and 230mm length,

rounded at one end and Oven.
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Fig 4.3.1

Impact testing machine

e

4.4 CONCRETE MIXES

The concrete mix of 1:2:4 was taken for the whole experimental work both for natural

coarse aggregate and recycle coarse aggregate.

45 W/C RATIO

The water cement ratio of 0.50 was carried out during the whole experimental work.

4.6 QUALITY CONTROL

By quality control it is meant that control of variations in the properties of mix design &
as well control mix. Attention is also given to the accuracy of all those operations which
affect consistency of concrete i.e. batching, mixing, placing, carrying & testing which

ultimately affect the properties of hardened concrete.

4.7 TESTING ON CONCRETE

4.7.1 MEASURMENT OF WORKABILITY

Slump test was carried out to measure workability of concrete by the different proportion
of RCA to NCA.
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4.7.2 COMPRESSIVE STRENGTH

To determine compressive strength & its replacement with different ratios of RCA to
NCA was carried.

Fig 4.7.2

Compression testing machine
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CHAPTER 5
RESULTS
5.1 ADSORPTION TEST
Table 5.1
NCA RCA
71% 93%
5.2 IMPACT TEST
Table 5.2
NCA RCA
25% 20%

5.3 WORKABILITY

Comparison for workability of concrete manufactured to different proportions to RCA.
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Table 5.3.1

Material used in mix

W!/C ratio

Slump measured (mm)

10% rca

0.50

68.32

80
70
&l
50
40
30
20
10

slump(mm)

slump(mm]), 68,32

Table 5.3.2

Fig 5.3.1 (Slump test result with 10% rca)

Material used in mix

W/C ratio

Slump measured (mm)

20% rca

0.50

62.48
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70

60 |
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40

30 |

20 |

10 |

Fig 5.3.2 (Slump test result with 20% rca)

slump(mm)

stump{mm), 62.48

C(20%RCA)

Table 5.3.3

Material used in mix

WI/C ratio

Slump measured (mm)

309 rca

0.50

57.15
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Fig 5.3.3 (Slump test result with 30% rca)

slump(mm)
70
&0 slump{mm},57.15
50 |
40
30
20
10
0

5.4 COMPRESSIVE STRENGTH TEST ON M25 CONCRETE WITH
RECYCLED AGGREGATES.

Table5.4.1
MIX REPLACEMENT 7-DAYS 28-DAYS
PERCENTAGE
M1 0 23.86 32.83
M2 15 27.98 35.52
M3 25 26.30 34.31
M4 35 22.17 26.83
M5 50 20.74 24.33
M6 100 17.93 21.67
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Fig 5.4.1

Effect of recycled aggregate on 7-day compressive strength
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Fig 5.4.2

Effect of recycled aggregate on 7-day compressive strength

35,00
30,00

X500 <

10,00

15,00

10,00
5,00

0,00
0% 12% IS5 5% SO 1008

Replacement Percentage (%)
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5.5 COMPRESSIVE STRENGTH TEST ON M20 CONCRETE WITH
DIFFERENT PROPOTIONS OF FLY ASH.

Table 5.5.1
CEMENTIOUS 7 DAYS 28 DAYS
MATERIAL
85 % Cement + 15 % Flyash | 25.84 36.90
75 % Cement + 25 % Flyash | 20.27 33.25
65 % Cement + 35 % Flyash | 17.83 29.05
Fig 5.5.1

VARIATION IN COMPRESSIVE STRENGTH WITH FLY ASH INCREASE

Compressive Strength of M20 Grade Concrete
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5.6 COMPRESSIVE STRENGTH TEST ON M25 CONCRETE WITH
DIFFERENT PROPOTIONS OF FLY ASH.

Table 5.6.1
CEMENTIOUS 7 DAYS 7 DAYS
MATERIAL
85 % Cement + 15 9% | 26.34 50.27
Flyash
75 % Cement + 25 % | 23.81 46.42
Flyash
65 % Cement + 35 9% | 21.38 38.44
Flyash

Fig 5.5.2

VARIATION IN COMPRESSIVE STRENGTH WITH FLY ASH INCREASE

Compressive Strength of M25 Grade Concrete
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

6.1 WORKABILITY

Firstly, the workability of concrete manufactured with recycled concrete aggregate as
well as natural course aggregate was investigated, keeping in view the variation of
proportion of RCA to NCA for a constant water cement ratio and mixed design. It has
been observed that the workability has been reduced by increasing the ratio of RCA to
NCA almost 18% .

6.2 ADSORPTION TEST

Recycled coarse aggregates adsorbed 13% more water than natural coarse aggregate.

Hence more water will be used .

6.3 IMPACT TEST

Recycled aggregates posses low impact value than natural coarse aggregate. Therefore

recommended to be used in areas where strength is not a main concern.

6.4 COMPRESSIVE STRENGTH OF RECYCLED AGGREGATE
CONCRETE

From the observed experimental behavior the following conclusion can be drawn: The
effect of the use of recycled aggregate on the compressive strength depends on the
percentage of coarse aggregate substituted. For low percentages of substitution (less than
25%) it can be said that this influence is practically negligible. For higher percentages of
substitution the compressive strength of decreased with an increase in the recycled
aggregate content. In conclusion, recycled aggregates obtained from the construction
waste sorting facility have potential to be used as concrete aggregates and it seems
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possible to produce concrete of C20/25 quality. For the recycled aggregates, the optimal

percentage that can be used to replace natural coarse aggregates is 25%.

6.5 COMPRESSIVE STRENGTH OF FLY ASH CONCRETE

6.5.1 7 DAYS COMPRESSIVE STRENGTH

The replacement of cement (by mass) with five percentage of fly ash (15%, 25%,35%)
content reduced the compressive strength of concrete. This is probably due to non-

contribution in compressive strength of fly ash at early age.

6.5.2 28 DAYS COMPRESSIVE STRENGTH

The replacement of cement (by mass) with five percentage of fly ash (15%,25%,35%)
content improves the strength gain. Fly ash starts reaction with Ca(OH)2 after 14 days.
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