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ABSTRACT

High strength and high performance concretes are being widely used nowadays all over the world. In developed countries, use of
high strength concrete in structures today has resulted in both technical and economical advantages. In high strength concrete, it is
necessary to reduce the watercement ratio and which in general increases the cement content. To overcome low workability problem,
different kinds of pozzolanic mineral admixtures and super plasticizer are used to achieve the required workability. At the same
time, scarcity of concrete constituents and their cost are increasing day by day demanding the promotion of utilization of suitable
waste materials as alternatives. Particularly, substitute to conventional sand in-concrete are given prime importance due to many
social, environmental, economical and budget oriented problems. The present work deals with the development of quarry dust
concrete with total replacement of conventional sand with quarry dust and the study is made with systematic approach with
sequential steps.

A conventional M30 grade concrete mix design was made using ACI, BS and IS methods and based on the 7 day strength an
optimum mix was recommended for experimental studies. In the designed mix sand replacement by weight of 0%, 20%, 40%, 60%,
80% and 100% with quarry dust was considered. Concrete with these six different mix ratios were prepared and for the sake of
exclusive reality, no plasticizer was used. Workability tests were conducted; relevant specimens were cast, cured and tested for
strength and water absorption characteristics. Irrespective of the percentage replacement of sand with quarry dust, as the variations

in the strength results were found negligible, a total 100% sand replacement with quarry dust was considered for further research.

However as the water consumption is slightly more compared to sand concrete, it was decided to use minimum dosage of plasticizer
and same recommended for the next phase of study after conformation. To study the feasibility and adoptability of using quarry

dust for concrete instead of conventional sand, quarry dust concrete was further considered for thorough investigation.

M30 grade quarry dust concrete was designed with the properties of quarry dust as fine aggregate and workability and strength

characteristics were determined. The results are compared with that of sand concrete also.
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Similar trials were made for higher grades that include M40, M50 and M60 grades exclusively with quarry dust as fine aggregate.

M30 and M40 grades concrete were designed using IS method and M50 and M60 grades by ACI method. To modify, based on the

observations on concrete, additives to concrete namely fly ash and silica fume were also considered. Cement replacement by 10%,
20% and 30% of flyash and silica fume by 5% and 10% replacement were considered. For comparison, sand concrete of the above
four grades were also considered then and there. Including sand concrete and quarry dust concrete with additives like flyash and
silica fume, totally twenty six different mix proportions were considered for experimentation. For these different grades of concrete
the workability, strength in various nature and durability characteristics were obtained. Compressive strength at 90 days of curing
was also obtained in addition to 7, 28 and 60 days of curing.

Based on the observation from the test results, workability of fresh concrete was gradually improved with super plasticizer and for
higher grades of concrete including silica fume, when compared to control concrete. The strength and durability characteristics of
quarry dust concrete was increased up to 15% by adding silica fume with QDC when compared to control concrete. The overall
test results revealed that quarry dust as fine aggregate with silica fume as a partial replacement of cement up to 10% is an excellent
substitute to yield higher strength of concrete.

ANN model has been proposed to predict the compressive strength of concrete for different grades. A reasonably close agreement
has been obtained between the experimental and the predicted values.

The qualitative and quantitative conclusions are presented. It is concluded finally that, development of quarry dust concrete by
totally replacing conventional river sand is possible, viable and feasible with all positive and negative strategies similar to
conventional river sand concrete promoting cost effective technologies at same time promoting the environmental protection against

sand mining.
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CHAPTER 1

INTRODUCTION

1.0 GENERAL

Concrete is the most popular building material in the world and as such by its ecstasy, there is no substitute for concrete with
conventional constituents. But sustaining the building activity in the long-term to meet the future demand for buildings by using the
currently available energyintensive materials and building techniques or technologies have become seldom possible. The
construction industries contribute green house gas (GHG) emissions (22%) into the atmosphere and as the public concern are
responsibly addressed regarding climate change resulting from the increased concentration of global warming and sea level rise;
concrete technologists are facing the challenge of leading future development in a way that protects environmental quality while
projecting concrete as a construction material of choice. Of course, the current environmental problems to technology choices that
object the production of durable and environmentally friendly concrete are well related.

The environmental impacts of the concrete industry by conservation of cement, aggregates, water or additives and admixtures can
be reduced through resource productivity by conserving materials and energy for concrete making and by improving the durability
of concrete products.

Even though the task is most challenging as it results and experiences in the scarcity of resource materials, it can be accomplished
if pursued diligently through a possible way without much affecting the basics and requirements of concrete technology and
construction techniques so far applied. In this series, globally, the problem of exploitation of conventional river sand is

predominantly referred by all.

1.1 PROBLEM OF SAND MINING

Sand mining from river bed is hazardous to the natural environment. By the over exploitation and use of the material and the deep
pits dig in the river bed for sand mining either legally or illegally affects the ground water level and erode the banks and nearby
land. In most of the rivers in the east coast of Tamil Nadu, backwater problem exists. The sand mining in rivers has made this more
vulnerable by sea water intrusion. Indian Government has imposed ban on mining sand from riverbeds. Dwindling sand resources
poses the environmental problem and hence government restrictions on sand quarrying resulted in scarcity of sand and significant
increase in its cost. Frequently, the communities residing near the river sides are also make agitations against the sand mining. The

legal and illegal activities of sand mining and the response of the affected communities can be viewed through figure 1.1.

The construction industries expect a serious shortage of sand in the near future due to over exploitation of river sand and led to a
concomitant price increase in the material. In such a critical situation, the identification of alternatives to river sand is an essential
one, otherwise the entire construction industry will be paralyzed if there are no alternative sources. Therefore, it is desirable to
obtain cheap,

environmentally friendly substitutes for river sand that are preferably byproducts.

Sand mining and scarcity of sand and similar construction materials and related problems are very typical in remote islands.

Appendix A highlights the scenario of sand problems in Maldives where sand is imported and supplied in limited quantities to the
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construction industries. However, the promotional use of artificial sand will conserve the natural resources for the sustainable

development of the concrete in construction industries.

(c) Agitation against sand mining
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Fig.1.1 Features of Sand mining in river bed leagal and illegal 1.2 ALTERNATIVES TO RIVER SAND

Concrete is a major building material which is used in construction throughout the world. It is extremely versatile and for its
feasibility it is used for all types of structures. Due to rapid growth of construction activities, the consumption of concrete is
increasing every year in all countries. Even bitumen roads are converted into concrete roads and new roads are laid with concrete
only. This results in excessive extraction of natural aggregates. The use of these materials is being constrained by urbanization,
zoning regulations, increased cost and environmental concern. Thus, it is becoming inevitable to use alternative materials for

aggregates particularly fine aggregate in concrete.

The use of alternative materials not only results in conservation of natural resources but also helps in maintaining good
environmental conditions. Offshore sand, nearshore marine sand, dune sand, quarry dust, manufactured sand (M-sand), marble dust,
ceramic waste, glass waste, bottom ash and other artificial aggregates produced from industrial waste are some of the referred other
alternative sources in recent investigations. Among these, the quarry dust not being used for any applications other than road

surfacing was identified as a potential source in the last decade for replacement of conventional river sand in concrete.

Quarry dust is a byproduct of quarrying, crushing, and sieving activities resulting in the production of about 10-15% non valued
waste in the stone quarries which are invariably named as quarry dust(QD), quarry waste (QW), quarry sand(QS), rock powder dust
(RPD), crushed sand(CS), crushed rock powder(CRP) or artificial sand(AS) by different authors.. Utilization of quarry dust reduces

the burden of dumping dust on earth causing pollution.
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QD stored in PADALAM quarry

Fig.1.2 Quarry dust as available and use in block making
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1.3 QUARRY DUST IN STRUCTURAL CONCRETE

The level of utilisation of quarry rock dust in industrialized nations such as Australia, France, Germany and the United Kingdom
has touched more than 60 percent of its production. In Japan, unprocessed crusher dust is usually regarded as only suitable to be
incorporated in a blend with natural sand, and only then if it is of good quality, and cheap enough to make the substitution
worthwhile. Even though, quarry dust is a problem for the people residing nearby quarries by dumping of quarry dust and an
environmental issue causing serious respiratory problems, the potential use as aggregate becomes a positive solution which is an
added advantage.

Many researchers in different countries studied the potential use of quarry dust in concrete. Quarry dust is known to increase the
strength of concrete over concrete made with equal quantities of river sand, but it causes a reduction in the workability of concrete.
When examining the above qualities of fly ash and quarry dust, it becomes apparent that if both are used together, the loss in early
strength due to one may be alleviated by the gain in strength due to the other, and the loss of workability due to the one may be
partially negated by the improvement in workability caused by the inclusion of the other. The decrease in workability by the addition
of quarry dust is reduced by the addition of pulverized fuel ash. The addition of quarry dust causes a loss in slump; though such loss
in slump can be significantly reduced by the addition of fly ash. The loss in early strength due to the addition of fly ash can be
completely negated by the addition of quarry dust. But the characteristic strength has not been adversely affected at all by the

addition of up to certain percentage of fly ash.

However 100% replacement of sand with quarry dust also tried and reported to be successful. For a fine to coarse aggregate ratio of
0.6 in concrete was found to enhance the compressive strength and elastic modulus. When the quarry dust has high fineness, its

usage in the normal concrete is limited because it increases the water demand to ensure workability and hence reduction in strength.

Quarry dust could be used for partial or full replacement of conventional sand, but deleterious substances like particles finer than
75um quarry dust are considered harmful to concrete as results in the different grading, more surface area consuming higher water
content and thus reducing the strength and durability characteristics. However, the filler effect is more advantageous and therefore
has potential application for SCC and for its flaky nature of texture having an interlocking trend responds for higher tensile strength

as well as modulus of rupture.

A 10 percent replacement of sand with quarry dust in the self-compacting filling grouts was found to lead the best performance at
fresh state rheological properties and also compressive strength and drying shrinkage at hardened state. Limestone powder (LSP)
has been the traditional material used in controlling the segregation potential and deformability of fresh self compacting concrete
(SCC) in Singapore. An alternative to this as quarry dust was tried for SCC applications Results from rheological measurements
on pastes and concrete mixes incorporating LSP or quarry dust were compared and it was found that the quarry dust, as supplied,
could be used successfully in the production of SCC, because quarry dust is flakier and more elongated than lime stone. However,
due to its shape and particle size distribution, mixes with quarry dust required a higher dosage of superplasticiser to achieve similar

flow properties.

It is reported that the finer fraction of quarry dust increased the stability during flowing and increased the viscosity of the cement
matrix. However, the presence of low quantity of quarry dust found to improve the
deformability to a great extent. It is also reported that the incorporation of quarry waste as a partial replacement of sand did not

significantly affect the non-destructive properties of the flowing concretes except for initial surface absorption and a slight reduction
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in the compressive strength due to excessive flakiness. This property is enhanced in presence of silica fume as well as well gradation

respectively.

1.4 NEED OF THE HOUR

Unquestionably, the greatest challenge that the concrete industry faces during the 21% century is to achieve a sustainable pattern of
growth. The task is formidable but the ideas and examples show that it can be accomplished provided we make a paradigm shift
from the culture of accelerating construction speeds to a culture of conservation of energy and material. Unbridled urbanisation
fuelling the growth of the construction sector has resulted in excessive mining of sand and this is likely to increase in the years
ahead, and sand as a freely available resource may become totally depleted by the year 2050. Therefore, the promotional use of such

artificial sand will conserve the natural resources for the sustainable development of the concrete in construction industries.

Currently, research and development (R&D) efforts in developing sustainable building technologies are very much limited in the
Indian context. There is a large scope for R&D efforts in developing alternative building technologies and building materials,
addressing several issues. Scarcity of concrete constituents and their cost are increasing day by day leading to the promotion of
utilization of suitable waste materials. Particularly, alternate material to conventional sand in concrete is given prime importance

due to many social, economical and budget oriented problems.

However, it is important to point out that as a waste material, the properties of quarry fines are expected to vary over time and over
different quarries. Furthermore, the crushed waste is flaky, badly graded and rough textured and very fine aggregates. Being with
more fines, water requirement becomes more and therefore may result in the reduction of strength and granite fines also could
promote durability problems. Such issues would need to be first addressed if the material is to be used with confidence in the
construction industries.

1.5 ORGANISATION OF THE THESIS

The programme of the present thesis is planned first to analyse

systematically the activities promoted in the utilisation of quarry waste for replacement of conventional river sand in India as well
as in other countries through a good quantum of literature collection to identify the problem. Secondly to study and promote the
development of quarry dust based concrete by total replacement of sand. The details of the research activities and their degree of
viability and feasibility in partially or totally replacing the river sand with alternatives like quarry dust also with additives admixtures
were included on the data collected, summarised and detailed in Chapter 2. Based on the selected literature and review, the scope

and objectives of the present study are formulated and presented in Chapter 3.

Dealing with the available materials and proposed techniques, preliminary study and the main experimental part made are reported
in Chapter 4. The experimental results analysed and comparisons with conventional river sand concrete are presented in Chapter 5.
Chapter 6 introduces the theoretical prediction USING Artificial Neural Networks. Finally, Chapter 7 presents the summarized
results of the research work as conclusions and recommendations derived from the research study. A list of related references from

referred journals and the relevant codes used is also given.
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CHAPTER 2

LITERATURE SURVEY

2.0 GENERAL

The need for finding an alternative for river sand arises due to the over exploitation of river sand and its related harmful
consequences. Quarry dust has been identified as the next potential substitute for river sand. The crushing activities result in the
production of about 10-15% non valued waste in the quarries which are differently referred as quarry dust (QD) by many authors.
The use of quarry dust has been dealt almost all parts of the world, but the structural use of quarry dust is still in the research level.
A good quantum of studies was made in the area of quarry dust utilization in structural concrete in India and other countries. The

attempts made by several authors have been collected and for brevity the important papers are presented here.

2.1 TECHNOLOGY AND ENVIRONMENT

The greatest challenge that the concrete industry is facing the 21% century is how to achieve a sustainable pattern of growth. The
task is formidable but can be accomplished provided we make a paradigm shift from the culture of accelerating construction speeds
to a culture of conservation of energy and material. The current environmental issues to technology choices objecting the production
of durable and environmentally friendly concrete are related as D = f (Px1xW) by Kumar Mehta (2001). The environmental damage
(D) is a function of three interlinked factors P, | and W where, P- represents the population, I- is an index of industrial and urban
growth and W- an indicator of the degree to which a culture promotes wasteful consumption of natural resources. The W-factor
has a multiplier effect on the environmental damage due to population growth and by controlling this factor; the degree of damage
can be controlled. It is suggested that, we have to examine our current economic models and technological choices that promote
wasteful consumption of natural and manufactured materials.

2.2 CONSERVATION OF ENERGY AND MATERIALS

In the conservation of energy and materials, the observation on the utilisation of recycled materials for concrete constituents is
brought for prime consideration. Xiao, et al (2006) conducted investigation to analyze the relationships between the mechanical
properties of recycled aggregate concrete (RAC) from 1200 test results covering as many recycled materials as possible. In the first
phase, the published experimental results during 1985-2004 were analysed and data base developed. The relations between the
compressive strength, density, splitting tensile strength, flexural strength, and the elastic modulus were investigated. It is reported
that the interrelationships between the mechanical properties of RAC could be quite different from those of normal concrete. Some
improved new equations are proposed for the prediction of the relations between the mechanical properties of RAC based on the

statistical regression analysis with the least squares method.

Quarry dust is a problem for the people residing nearby quarries and dumping of quarry dust is an environmental issue. It’s a daily
ordeal for residents of Trisulam (Chennai, Tamil Nadu) and surrounding areas whose houses, streets, shops and vehicles are invaded
by pollutants from the granite quarries and stone crushing units. Exposure to such suspended particulate matter, as pollution experts
call it, for long durations can cause serious respiratory problems. Most houses in Trisulam quarries keep their windows shut even

in the searing heat to prevent particulate matter from seeping in as highlighted in Appendix B.
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2.3 PROBLEM OF RIVER SAND

Sand mining from river bed for overuse of the material has led to environmental concerns, the depleting of securable river sand
deposits and a concomitant price increase in the material. The deep pits dig in the river bed effects on ground water level and erode
the banks and nearby land. A 100 year old steel-concrete composite bridge (Hintze Ribeiro bridge, Portugal, 2001) collapsed killing
70 people is shown in Figure 2.1(a). Another in figure 2.1(b), is an erosion problem near piers due to illegal sand mining. The

collapse was due to two decades of illegal but allowed sand extraction which compromised the stability of the bridge pillars.

It will be interesting to note that hours after the accident, the then Minister of Transportation Jorge Coelho resigned. Indian
Government has also imposed ban on mining sand from riverbeds. The massive sand mining operations are regulated as with greater
monitoring and strict controls imperative to save river beds. However, illegal mining are still going on during night and day time
as indicated in Appendix C. The local communities in many sand mining areas have objected the sand mining operations and
frequently make agitations against the legal as well as illegal mining. The construction industries expect a serious shortage of sand
in the near future due

to over exploitation of river sand and seeking for alternatives.

2.4 ALTERNATIVES TO RIVER SAND

Potential Alternatives for River sand are near shore marine sand, dune sand, land based sand, offshore sand, quarry dust and
manufactured sand (Ekanayaka et al, 2007). Bottom ash is also recommended as substitute for river sand (Aggarwal et al,
2007). With respect to availability, ease of extraction, environmental impact and cost, offshore sand was already used in Sri Lanka

mainly for road filling and it was also used for construction in all over the world.

Figure 2.1 Collapsed and eroded bridges due to sand mining

A survey was conducted (Ekanayaka et al, 2007) in Kaluthara-Benthota sea area and a resource distribution map was plotted,
samples from Muthurajawela offshore sand stick piles were collected and Cl-content was around 0.3%, where as if the seawater is
gravity drained; it reduced to around the acceptable limit of 0.075%. It is found that the action of an average rain fall would be
enough to reduce the CI- contents to below acceptable levels. It is reported that offshore sand was much better than manufactured

sand and shows equal average properties as river sand.

2.5 QUARRY DUST WITH ADDITIVES AND ADMIXTURES

QUARRY DUST has been used along with some additives and admixtures for enhancement of certain properties of concrete.

Karthikeyan and Ponni (2007) have successfully produced flyash based bricks with lime, gypsum, sand using quarry dust as the
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main filler material. Safiuddin et al (2007) also have tried the partial replacement of sand with quarry dust in fly ash/silica fume
based concrete and concrete having 20% sand replaced with quarry dust and 10% weight replacement of cement with flyash and
same 10% weight replacement of cement with silica fume by consideration. It was found that quarry dust as fine aggregate enhanced
the slump and slump flow of the fresh concretes without affecting the unit weight and air content of the concrete. In hardened
concretes, the compressive strength was decreased, the dynamic modulus of elasticity and initial surface absorption were marginally

increased. However, the best performance was observed when quarry waste was used in the presence of silica fume.

Joseph et al (2012) investigated the structural characteristics of concrete using various combinations of lateritic sand and quarry
dust as complete replacement for conventional river sand. The laterite was varied from 0-100% against quarry dust at intervals of
25%. Workability tests were earlier carried out to determine the optimum w/c ratios for three different grade mixes (1:1:2, 1:1.5:3
and 1:2:4). The results compared favorably with those of conventional concrete and the concrete was found to be suitable for use

as structural concrete for buildings and related structures, where laterite content did not exceed 50%.

Quarry dust has also utilisation in other areas of application. quarry dust with equal addition of flyash by 20-30% weight of soil
found to improve the geotechnical properties of expansive soil (Mir and Shubhada, 2011). Research has also been undertaken to
regenerate the poor soils into highly productive systems and proved the use of rock dust (RD) for soil remineralization in Scotland
(Robin and John Ferguson, 2004). It is reported that the Research and Development contributes to the Scottish environment, soil
sustainability, national agricultural productivity and assist in meeting targets such as those for recycling and the mass-balance of
industrial carbon through sequestration. Jaison (2008) tried quarry dust successfully as a silica ingredient for the production of CPP

Manure to be used for pest infestation and disease control for crops.

2.6 QUARRY DUST IN SPECIAL CONCRETE

Sand replacement by quarry dust up to 30% found to improve the properties of foam concrete as reported by Norazila and
Kamarulzaman(2010) that the compressive and flexural strength of foam concrete with quarry dust were nearly 40% more than the
control foam concrete. Rock flour had also been tried as a total replacement for sand in concrete with the conventional coarse
aggregate partially/fully replaced by ceramic scrap (Reddy and Reddy, 2007) and -concluded that the 28 days strength in
compression, split tension and modulus of rupture found increased for total replacement of sand with up to 20% replacement of

coarse aggregate by ceramic scraps.

2.7 QUARRY DUST IN SCC

A 10% replacement of cement with quarry dust self-compacting filling grouts was found to lead the best performance at fresh state
rheological properties and also compressive strength and drying shrinkage at hardened state %XUDN )HOHNRJUOX 2008). The
positive effects of quarry dust on fresh and hardened properties of selflevelling binders make this material a feasible additive besides
its economical and environmental advantages. Limestone powder (LSP) has been the traditional material used in controlling the
segregation potential and deformability of fresh self compacting concrete (SCC) in Singapore. An alternative to this, quarry dust
was tried for SCC applications by Ho, et al (2002). Results from rheological measurements on pastes and concrete mixes
incorporating LSP or quarry dust were compared and it was found that the quarry dust, as supplied, could be used successfully in
the production of SCC, because quarry dust was flakier and more elongated than lime stone. However, due to its shape and particle

size distribution, mixes with quarry dust required a higher dosage of superplasticiser to achieve similar flow properties.
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The use of quarry dust as alternative for sand has been attempted by Kamalanathan and Sivakumar (2008) to achieve the self flowing
ability in ordinary concrete making materials through Marsh cone test. It is reported that the finer fraction of quarry dust increased
the stability during flowing and increased the viscosity of the cement mortar. However, the presence of low quantity of quarry dust
found to improve the deformability to a great extent. Revathi et al (2009) made experimental investigation on the performance of
quarry waste in fly ash gypsum slurry. The flow ranges selected for the study were 500+ 25mm, 425+25mm, 375+25mm,
300£50mm, &

150+£50mm. The content of the quarry waste in the mix was increased from 0% to 50% for each of the above flows. Results of
twenty mixes proportioned and used in the study evaluated for flowability and compressive strength indicated that quarry waste in

fly ash gypsum slurry showed satisfying performance and suitable for a wide range of applications.

Raman et al (2007) investigated the properties such as dynamic modulus of elasticity, ultrasonic pulse velocity, and initial surface
absorption through nondestructive testing in addition to properties like slump flow, V-funnel flow, air content and compressive
strength of flowing concrete made of quarry dust. It is reported that the incorporation of quarry waste as a partial replacement of
natural mining sand did not significantly affect the non-destructive properties of the flowing concretes except for initial surface
absorption and a slight reduction in compressive strength due to excessive flakiness, which were improved in presence of silica

fume and good gradation respectively.

2.8 CHARACTERIZATION OF QUARRY PRODUCTS

Baalbaki et al (1991) reported the results of the tests carried out on high-strength concrete made with different types of crushed

rocks, highlighting the role played by

coarse-aggregate through the elastic properties of the parent rock. The results obtained open an opportunity to review the present
formulas relating Ec to f. recommended by some codes. After a long gap, studies are initiated to use quarry dust as fine aggregate
to replace partially or fully the conventional river sand.

Jayawardena and Dissanayake (2008) identified the most suitable rock types for manufacture of quarry dust in Sri Lanka, conducting
laboratory tests on fresh rock samples from different quarries and determined the mineral composition and reactive forms of silica
minerals. Charnockite and charnockitic gneiss and granitic gneiss because of having less than 5% mica are suggested to be suitable
rocks to operate as quarries and supply quarry dust to use as an alternative source for river sand in the future. Hornblende biotite
gneiss, biotite gneiss, migmatite and migmatitic gneiss showed mica percentages higher than 5% (up to 20%) are not recommended.

However, testing of quarry dusts for each quarry is needed while it is producing.

2.9 STRATEGIES AND ISSUES

Venkatarama Reddy (2004) discussed the impacts of alternative building technologies on energy and environment in the Indian
context, and presented some thoughts about utilizing industrial and mine wastes as well as recycling of building wastes for meeting

the demand for buildings in a sustainable fashion.

In Australia the ranges of products like backfill, geopolymer concrete, light weight building panels, and precast concrete products

with the applications of the geopolymer technology are implemented in the quarrying industry to produce commercially viable
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products from its waste materials. Probably about 10% of Australia’s quarry and sand pit production is non-valued production

(Mark Drechsler and Andrew Graham, 2005). Many quarry dust/sand products and tailings materials

are high in silica/alumina contents and these wastes have the potential to be a raw material for the production of a range of
geopolymer concrete products. The quarrying industry shall recognize that geopolymer technology is complementary to current

technologies and increase funding of research into environmentally sustainable initiatives to maintain their competitive advantages.

According to Draft (2005), a strategy was developed to provide plan for the continued supply of construction sand to the Sydney
Region over the next 20 years. Extraction of sand resources from lakes are likely to be completed in the next 5-10 years and
alternative sources are needed to meet the growing demand of the Sydney construction market. The strategy will provide the basis
to manage supply for the Sydney market in the short and longer term; identify primary and secondary sources of construction
material resources; provide frameworks for continued access to these resources in land use planning instruments; provide an
assessment and approval regime for quarry proposals; develop best practice standards for quarry operation; and encourage the use

of substitutes such as recycled material and manufactured sand.

An inescapable fact is that South Wales has very limited land-based sources of natural sand for concrete manufacture and other
building purposes and rely almost exclusively on marine dredged sand Hugo Pettingell (2006). Over 90% of the sand used in South
Wales comes from the Bristol Channel and Severn Estuary with huge opposition to the exploitation of marine resources. At present,
only a small fraction of the requirement comes from land-based sand pits. Wet processing brings additional environmental
challenges in silt disposal and other factors. While suitable deposits exist in this area, there is equal or even greater opposition to

their exploitation compared to marine sources.

Shaviyani Atoll (2007) has reported the condition of sand mining in Maldives where construction is one of the major activities
being carried out in the islands and sand mining has become a common practice, increasing islands vulnerability. Lack of space is
a greater constrain in some of the islands for construction of new houses and to develop new infrastructure facilities. An international
team of expertise conducted a field mission to the five selected Islands (Milandhoo, Funadhoo, Komandhoo, Foakaidhoo and

Kandithem of Maldives) and reported that land reclamation has been found a common denominator in all islands.

In Funadhoo the Island, official introduced a new regulation where 1,000 bags of sand are given as a quota to the existing families
of the islands for new construction. At the national level, Government of Maldives promotes safer Island programme through which
the households could be relocated in to a new island. Appendix A highlights the scenario of sand problems. In Japan, unprocessed
crusher dust is usually regarded as only suitable to be incorporated in a blend with natural sand, and only then if it is of good quality,

and cheap enough to make the substitution worthwhile (Hugo Pettingell, 2008).

Alternative building technologies developed by ASTRA (Application of Science and Technology for Rural Areas formed in 1974
at Indian Institute of Science, Bangalore,) are energy efficient and the embodied energy of buildings using these technologies is
less than half of the energy consumed by conventional buildings (Venkatarama Reddy, 2004). It becomes inevitable to steadily
switch over to the use of energy efficient building materials and technologies and devise methods and mechanisms to utilize
industrial/mine wastes and recycling and reuse of building wastes for the manufacture of building materials and products for the

sustainable practices.

Limited research has been undertaken to regenerate the poor soils into highly productive systems using potential of techniques and

proved the use of rock dust for soil remineralization in Scotland (Robin and John Ferguson, 2004). The rock dust contributes to
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the Scottish environment, soil sustainability, national agricultural productivity and assist in meeting targets such as those for

recycling and the masshalance of industrial carbon through sequestration.

2.10 MIX DESIGN FOR QUARRY DUST BASED CONCRETE

Shanmugavadivu, et al (2008) made mix design for concrete with washed quarry dust as fine aggregate. M20, M30 and M40 grades
of concrete were prepared and tested. It was reported that the fine aggregate content was increased while increasing the quantity of
washed fine aggregate and simultaneously the coarse aggregate content was reduced accordingly, water cement ratio was decreased
while increasing the proportions of washed fine aggregate and the cost of the concrete has reduced with increase in percentage of

washed fine aggregate.

2.11 PARTIAL REPLACEMENT WITH QUARRY DUST

Raman et al (2004) reported after experimentation that incorporation of quarry dust of Malaysia as partial replacement material to
sand up to 40% in concrete resulted in a reduction of compressive strength, and this was more evident when the replacement
proportion was increased due to the weaker aggregate properties compared to sand, but was compensated by the inclusion of fly
ash and silica fume into the concrete mix. Prachoom Khamput (2008) reported about the possibility of 70-100% replacement of
sand with quarry dust in Thailand and added that the designed wi/c ratio was inadequate for workability. Type E admixture found

to improve the workability and compressive strength of quarry dust concrete compared to sand concrete.

An experimental study for producing paving blocks using crusher dust was made by Radhikesh et al (2010). Physical and
mechanical properties of paving blocks with fine aggregate (sand) replaced by various percentages of crusher dust were
investigated. The test results showed that the replacement fine aggregate by crusher dust up to 50% by weight had a negligible
effect on the reduction of any physical and mechanical properties while there was a saving of 56% of cost. The percentage of saving
would be more and highly beneficial for mass production of paving blocks. Raman et al (2010) investigated the mechanical
properties of HSC produced for 28 days strength of 60 MPa having up to 40% replacement of sand with quarry dust and

10% cement with RHA. It is reported that substitution for sand with quarry dust in HSC may contribute some negative efforts in

mechanical properties, but can be compensated with CRM such as RHA coupled with good mix design.

Rajendra Prasad et al (2011) studied 0, 10, 20, 40, 60, 80 and 100% replacement of sand with CRP in concrete together with 10%
cement replacement with RHA for all mixes and compared the effect of 6 hours of carbon dioxide curing, 12 hours of air curing
and 138 hours of water curing on the compressive strength. It was noticed that, there was a cost saving of up to 22% for sand

replacement with CRP, a saving up to 40% in the CO, curing and a saving up to 40% by the addition of rice husk ash.

Safiuddin et al (2007) considered a conventional concrete having 20% sand replaced with quarry dust and 10% weight replacement
of cement with flyash and same 10% weight replacement of cement with silica fume. It was found that quarry dust as fine aggregate
enhanced the slump and flow of the fresh concretes, the unit weight and air content of the concretes were unaffected. In hardened
concretes, the compressive strength was decreased in presence of quarry waste due to excessive flakiness, resistance to water
penetration decreased, the dynamic modulus of elasticity and initial surface absorption were marginally increased, and the ultrasonic
pulse velocity was unaffected. However, the best performance was observed when quarry waste fine aggregate was used in presence

of silica fume due to efficient microfilling ability and pozzolanic activity.
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Lohani et al (2012) studied the effect of 0%, 20%, 30%, 40%, and 50% partial replacement of sand with quarry dust for a design
mix of M20 grade concrete. Due to its high fines of quarry dust it was provided to be very effective in assuring very good
cohesiveness of concrete. Thorough reaction with the concrete admixture, quarry dust improved pozzolanic reaction, micro
aggregate filling and concrete durability. Aggregates with higher surface area were requiring more water in the mixture to wet the
particle surfaces adequately and to maintain a specific workability. Obviously increasing in water content in the mixture would
adversely affect the quality of concrete. It was observed that the slump value increases with increase in percentage replacement of
sand with quarry dust. Due to flaky particles shape and higher percentage of fines, concrete did not give adequate workability and
the concrete had segregation. The increase in dust content up to 30% increased compressive strength of concrete and decreased
gradually beyond 30%. But the compressive strength of quarry dust concrete continued to increase with age for all the percentage

of quarry dust contents.

The durability of concrete was studied by immersing the concrete cube in 5% solution of MgSo4, 5% solution of NaCl and 2N
solution of HCI for 28 days and 91 days and results were compared with the standards. The water absorption percentage
of quarry dust concrete decreased for dust content from (0-20) % and then it started to increase for 30%, 40%, and 50% of dust
contents. Lower the particle size results in faster absorption and greater surface area resulted in faster evaporation leading to

concrete setting quickly.

It was observed that the density of concrete increases with increase in percentage of dust content. There was no loss of
strength for immersion in Magnesiumsulphate (MgSO4) and Sodium-chloride (NaCl) solution in comparison with immersion
in normal water and the strength gain continued in almost all specimens with no loss in weight. But in case of hydrochloric
acid (HCI) solution, It was observed that there was a loss of strength and weight in comparison with immersion in normal water.

The deteriorating effect increased with increase in time of exposure of concrete to HCI solution.

Nagabhushana and Sharada bai (2011) studied the properties of mortar and concrete in which crushed rock powder (CRP) was used
as a partial and full replacement for natural sand. For mortar, replacement of 20% 40%, 60%, -80% and 100% and for concrete at
levels of 20%, 30% and 40% were considered. The strength of mortar containing 40% CRP was found to be much higher than
normal mortar containing only sand as fine aggregate. It is reported that it is better to use CRP.without removing the finer particles.
For lean mortar mixes, CRP can be replaced up to 100% and for rich mortar mixes, up to 40%. It is concluded that the compressive
strength, splitting tensile strength and flexural strength of concrete are not affected with the replacement of sand by CRP as fine

aggregate up to 40%.

2.12 TOTAL REPLACEMENT OF SAND WITH QUARRY DUST

Sivakumar and Prakash (2011) have reported that 100% replacement of sand with quarry dust for a fine to coarse aggregate ratio
of 0.6 in concrete was found to enhance the compressive strength and elastic modulus. When the quarry dust had high fineness, its

usage in the normal concrete was limited because it increased the water demand.

Shahul Hameed and Sekar (2009) studied the feasibility of using quarry dust and marble sludge powder as total substitute for sand.
It is concluded that the combined use of quarry rock dust and marble sludge powder exhibited excellent performance in strength

and durability characteristics due to efficient micro filling ability and pozzolanic activity.

Shaikh and Daimi (2011) presented the comparison of the strength and durability performance through micro-structure related

properties of concrete made with natural sand and artificial sand with dust available in the Indian state of Maharashtra. It was found
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that there was consistently higher strength and the sharp edges of the particles provided better bond with the cement than the
rounded part of the natural sand. The weight loss after immersion up to 90 days, chloride permeability and water absorption were

same for both concrete.

Waziri and Muazu (2008) examined the properties of thoroughly washed quarry sand (Gwoza, Borno State) as fine aggregate in
concrete. The washed and dried aggregates were graded in accordance with BS 812 part 1:1975 and its specific gravity, bulk density,
porosity, water absorption, impact value and the aggregate crushing value were well satisfactory. The compressive strength
increased with age but decreased with increasing water cement ratio. All mixes used in the study attained over 60% of their 28 day
strength at 7 days. Ilangovan et al (2008) studied the strength and durability properties of concrete containing quarry rock dust as
fine aggregate. It is found that the strength and durability characteristics of quarry dust are nearly 10% more than the conventional
sand concrete.

2.13 HIGH STRENGTH CONCRETE

High-strength concrete (HSC) has undergone many developments based on the studies of influence of cement type, type and
proportions of mineral admixtures, type of superplasticizer and the mineralogical composition of coarse aggregates. Most studies
were carried out using natural sand with rounded and smooth grains. In practice, crushed sands from various sources are frequently
used in concrete.

H Donza, O Cabrera, E.F Irassar (2002) reported that two aspects of the effect of crushed sands on HSCs are presented. First, the
performance of crushed sands in relation to natural sand using a low water/cement (w/c) ratio and fixed coarse aggregate and
cement content is analyzed. Results show that concrete with crushed sand requires an increase of superplasticizer to obtain the
same slump. It also presents a higher strength than the corresponding natural sand concrete at all test ages, while its elastic modulus
is lower at 28 days and is the same after that. Studies on the development of hydration and mortar phase of concrete show that the
increase of strength can be attributed to the improvement of paste—fine aggregate transition zone. Second, the influence of the
mineralogical source of the crushed sands was studied using three different types of crushed sands (granite, limestone and dolomite)
with similar grading. Two mixtures containing 450 and 485 kg/m3cement and low w/c ratio are analyzed. Results show the adverse
effects of shape and texture on workability of concrete, but the compressive strength of concrete is improved. Granite crushed sand
appears as the most advantageous sand for this purpose.

2.14 STRUCTURAL APPLICATIONS

Kyung and Hun (2011) introduced the current efforts to utilize the mineral waste materials from metals industry in Korea. For
utilizing waste stone and stone powder sludge generated from domestic quarry and cutting process of stone plates, Korea Institute
of Geology, Mining and Materials has developed the manufacturing technologies of artificial stone plate as a building material with
firing method and hydrothermal synthesis. It was shown that the manufacturing cost of the artificial stone plate was (18,000
won/m?), which was merely half that of natural stone plate and the application of those on the building stone industry could be

possible.

Avrivalagan and Kandasamy (2008) made experimental study on quarry waste concrete filled steel hollow sections and reported that

the ultimate moment capacity had increased by 25% compared to normal mix concrete.

2.15 PROBLEMS WITH QUARRY DUST

However, it is important to point out that as a waste material, the properties of granite fines are expected to vary over time.

Furthermore, the fineness of granite fines could promote durability problems, such as alkali-silica reactions. These two issues
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would need to be addressed if the material is to be used with confidence (Ho, et al (2002). Quarry dust may not be suitable for the
civil constructions due to the mixture of various broken minerals. Hence, research is in progress in finding the mineralogical quality
of the quarry dust (Jayawardena and Dissanayake,2006).

As the use of quarry dust leads to a reduction in the workability of concrete, the concurrent use of quarry dust and fly ash in concrete
will lead to the benefits of using such materials being added and some of the undesirable effects being negated (Kapugamage, et al,
2008). The decrease in early strength by the addition of fly ash is ameliorated by the addition of quarry dust. The decrease in
workability by the addition of quarry dust is reduced by the addition of fly ash. The concurrent use of the two byproducts will lead
to a range of economic and environmental benefits. However, washing of aggregates with raw water (less than 1,000 ppm chlorides;
TDS less than 3,500 ppm) may be allowed, provided it is ascertained that this process does not contribute additional water to the
concrete mix. Also, cleaning of the aggregates by blowing air or vacuum suction to remove all the dust may also be allowed. For

the removal of fines from the quarry dust, dry processes (Clive Mitchell, 2007) and wet processes are available for practice.

2.16 MANUFACTURED SAND

Manufactured sand (M-Sand) as an alternative for river sand has caught the attention of the construction industry in Kerala state of
India for its quality and the minimum damage it causes to nature (Kerala TC Draft, 2009). It is recommended that associated with
the existing crusher units M-Sand production unit can be promoted by utilising the waste granite metals of the crusher units, and
waste generated from quarries for M-Sand productions. The Tamil Nadu government has initiated and encouraged the production
of M-Sand and many M-sand producing units are functioning and one such unit of Coimbatore unit is shown in figure 2.2.

The effect of water cement ratio on fresh and hardened properties of concrete with partial replacement of natural sand by
manufactured sand was investigated by Priyanka Jadhav and Dilip Kulkarni, (2012). Concrete mix design of M20 grade was made
according to 1S: 10262. Concrete specimens were tested for evaluation of compressive, flexural and splitting tensile strength
respectively. It was concluded that, the concrete exhibited excellent strength with 60% replacement of natural sand, so it could be
used in concrete as viable alternative to natural sand.

_— = —— =— & = == o

Fig. 2.2 M-sand manufacturing unit near Coimbatore (Tamil Nadu) Japanese manufacturers began, around the turn of

the millennium, to seek a potential niche to fill in the quarrying market. The only growth area seemed to be in the production of
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manufactured sand (Hugo Pettingell, 2008); despite a plummeting overall aggregate requirement, natural sand supplies were
dwindling faster than the need for concrete. Material described as manufactured sand can range from unprocessed quarry dust to,
at best, carefully processed fine aggregate specifically designed for use in concrete or other products. It can be gritty, flaky, and full
of filler, or it can be well shaped and graded, assisted perhaps by a fortuitous tendency of the parent rock to produce equidimensional.
In some instances serious attempts have been made to mimic the characteristics of natural sand using milling machines and

sophisticated classification, but this is usually very expensive.

2.17 SUMMARY

Viable natural sand resources in many areas across the world are running out, either because of extinction or sterilisation of rivers,

cost of extraction or transportation, shortage of water for processing in some areas or because of environmental concerns.

The current status of concrete industries facing the scarcity of fine aggregate and quarry dust utilisation as an alternative are

reviewed from a thorough literature study and the features are summarized here:

Excessive extraction of sand from rivers carried out almost to the level of complete depletion and further mining is not feasible at
all. Therefore it is imperative to stop further extraction of river sand and find alternative solutions immediately. Use of near shore
marine sand, dune sand, land based sand, offshore sand, quarry dust manufactured sand and bottom ash have been identified as
alternatives to river sand for use as fine aggregate in concrete and carried out studies on concrete. But for viability and feasibility

quarry dust is recommended for further research.

The laboratory investigations carried out have shown that quarry dust could be used for partial or full replacement of sand.
Deleterious substances like particles finer than 75um Quarry dust are considered harmful to concrete as results in the different
grading, more surface area consuming higher water content thus reducing the strength and reduced durability characteristics. As
the filler effect is positive, it has potential application in SCC and the flaky nature has an interlocking trend that responds for higher
tensile strength and modulus of rupture. However, by suitably incorporating mineral additives like flyash or silica fume and
appropriate admixtures, the quarry dust based concrete could be recognized as a potential replacement for conventional sand based
concrete. Further, durability studies have to be considered. Further theoretical model for prediction of the characteristics of QDC

has been reported
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CHAPTER 3

OBJECTIVES AND SCOPE

3.0 GENERAL

The current status of concrete industries facing the scarcity of fine aggregate like river sand and quarry dust utilisation as an
alternative to river sand are reviewed. Based on the literature review the problem was identified. The aim of the thesis is confined
to the development of quarry dust based concrete with total replacement of conventional river sand. The scope and objectives are

presented here.

3.1 SCOPE AND OBJECTIVES

The scope and objectives are planned in two phases, the first being the preliminary study and the second the main study in the

development of quarry dust concrete as detailed here.

3.1.1 Preliminary study

1. Determinatives of the engineering properties for all the constituent materials as well as for the additives and admixtures to
suitably incorporate in the mix design and other assessment.

2. Making a conventional concrete mix design for M30 grade concrete using ACI, BS and IS methods and proposing an
optimum mix based on the 7 day strength, for all experimentation.Investigation on the workability and strength
characteristics of quarry dust based concrete for sand replacement levels of 20%, 40%, 60%, 80% and 100% with quarry
dust.

3.1.2 Main study for 100% sand replaced quarry dust concrete (QDC) by making

1. Mix design for M30 grade quarry dust concrete using IS method and investigating the workability, strength and durability
characteristics.

2. Assessment on the possibility of 100% replacement of sand with quarry dust in M30 grade concrete.

w

Mix design for M40, M50 and M60 grades of high strength quarry dust concrete using relevant methods and investigating

the workability, strength and durability characteristics.
Assessing the requirement of additives like flyash and silica fume for enhancing the properties.
Analyzing the results for comparison between sand concrete and quarry dust concrete.

Study on the compressive strength relationship and create a theoretical model for the quarry dust concrete.

N o u ks

Arriving at solid conclusions and recommendations.
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CHAPTER 4

EXPERIMENTATAL INVESTIGATION
4.0 GENERAL VIEW

The experimental part of the thesis consists of a preliminary study for fundamental and primarily thorough a detrimental study. The
former preliminary study consists of studying the strength development of M30 grade concrete containing quarry dust as a partially
replaced material for conventional river sand. The replacement levels of sand with QD consisted of 0% (control) to 100%. The later
detrimental one consists of studying the feasibility of using quarry dust based concrete with total replacement of conventional river
sand. The workability, strength and durability as the three dimensional characteristics of concrete are considered.

4.1 CONSTITUENT MATERIALS

The constituent materials, additives and admixtures planned for use both in the preliminary and primary investigation for the
development of quarry dust concrete are given below:

1. Cement

2. Sand

3. Quarry dust

4. Coarse aggregate
5. Silica fume

6. Flyash

7. Water

8. Super plasticizer
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only was used. Besides, river sand (Palar River) and both quarry dust and crushed stone granite coarse aggregate (Padalam quarry)
were used. Additives like fly ash and silica fume and admixtures were also used in conjunction with other constituents of concrete
wherever necessary. Cement and admixtures were brought one day before using. In order to maintain uniformity, all other

constituents except cement and admixtures were procured and stored as heaps in a dry place of the laboratory.

4.1.1 Fine Aggregate

The design and general parameters as engineering properties were determined for the constituent materials as per the Indian
standards. The test results on constituents are presented in Table 4.1. The comparison of particle fraction and the chemical
composition are given in Table 4.2 and Table 4.3.The views of QD fractions are shown in

Appendix D.

Table.4.1 Properties of the concrete constituents

No Material Properties Relevant codes
1 Fineness 5% 1S: 12269-1987
2 Cement OPC 43 | Specific gravity 3.15
3 grade Initial setting time 55 min
4 Final setting time 525 min
5 Fineness modulus 2.71 IS: 2386 (Part-1) -
Fine  Aggregate

6 J0res Specific gravity 2.56 1963
(Sand)

7 Bulking factor 35%

8 Fineness modulus 3.36
Fine  Aggregate — -

9 Specific gravity 2.60
(Quarry Dust)

10 Bulking factor 47%

11 Maximum size 12 mm 1S383 — 1987
Coarse

12 Fineness modulus 7.14
Aggregate

13 Specific gravity 2.61

Table 4.2 Comparison of Percentage passing of aggregates

% Passing (IS 383: 1970)
No Sieve size Fine aggregate
Coarse aggregate
QD Sand
1 40 mm - - 100
2 20 mm - - 100
3 10 mm - - 94.2
4 4.75 mm 94.20 99.00 07.3

IJCRT2402686 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f297


http://www.ijcrt.org/

www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 2 February 2024 | ISSN: 2320-2882

5 2.36 mm 77.40 95.70 -
6 1.18 mm 44.60 73.70 -
7 600 3 31.60 42.40 -
8 3 13.00 07.00 -
9 3 02.90 01.00 -
10 03 00.40 00.10 -
11 Residue silt 00.40 00.10 -
12 Fineness modulus 03.36 02.71 07.14
13 Grading zone 1l 1l -

Table 4.3 Chemical composition of Quarry Dust and Sand

No | Constituents QD (%) Sand (%)
1 Loss of ignition 01.81 00.61

2 Silica as SiO. 61.77 97.60

3 Iron as Fe;03 06.03 00.028

4 Titanium as TiO> Nil 00.18

5 Aluminium as Al;O3 16.74 01.31

6 Calcium as CaO 07.57 00.06

7 Magnesium as MgO 06.08 00.01

4.1.2 Additives and Admixtures

For improving the workability, strength and durability characteristics, certain additives and admixtures are always used for
concrete making. In this direction, flyash and silica fume are considered as additives for the present investigation. Coal based
low calcium flyash (Mettur

Thermal power station) was used. The chemical composition of such flyash is presented in Table 4.4. The properties of silica
fume used (ASTRRA chemicals private Ltd, Chennai, India) are given in Table 4.4. Brown solution of sulphonated naphthalene
formaldehyde based super plasticizer (Conplast super plasticizer —SP430) is used. The details of which are presented in Table
4.5.

Table 4.4 Details of Low calcium flyash and Silica fume

Low calcium flyash Silica Fume
No | Chemical % Results
. Properties
1 SiO; 54.04 Bulk density 1.96 kN/m? 1.96 kN/m?®
2 Al1203 26.69 Loss on ignition Max. 3% Max. 2%
3 Fe203 11.31 Specific gravity 2.20 2.20
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4 CaO 01.46 Specific surface 22000 m?/kg 22150m?/kg
5 Na,O 00.41 SiO; Min. 90 % Min. 92%?2
6 K20 00.85 Moisture content Max. 1.5 % Max. 1.5 %
7 TiO; 01.61 - - -
8 MgO 00.79 - - -
9 SOs 01.60 - - -
10 | LOI 01.24 - - -
Table 4.5 Details of Super Plasticizer
No | Properties Results reported
1 Type (Conplast SP 430) Sulphonated Naphthalene Formaldehyde
2 Specific gravity 1.220 - 1.225
3 Recommended dosage 0.6 - 1.5 liters per 100 kg of cement
4 Solid content 40%
5 Compatibility All type of cement except high alumina
6 Workability highly workable flowing without segregation
7 Compressive strength Early strength up to 40 -50%
Durability Increase in density and impermeability
9 Chloride content Nil (IS 456-2000 and BS 5075)

4.2 PRELIMINARY STUDIES

The details of the preliminary study are shown schematically in figure 4.1. A Mix design for M30 grade concrete was made for
conventional concrete using IS, ACI and BS methods and optimum proportions were obtained by trial and testing as reported with
details in Table 4.6.
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Design Mix for M30 Concrete

4

By ACI Method
By IS Method
By BS Method

iy

Optimized Design Mix

b

% Replacement of sand with QD

I (S S S A A

0% 20% 40% 60% 80% 100%

Fig. 4.1 Trial Mix details for M 30 Concrete

Table 4.6 Mix proportions by various methods for M30 grade concrete

No | Parameters IS Method ACI Method BS Method
1 Mix proportion 1:1.2:23 1:1.22:2.34 1:1.34:2.36
2 wic ratio 0.37 0.38 0.42
3 Target strength ( MPa) fo =37.51 fow =42.36 fo =43.75
4 Cement (kg/m®) 456 396 443
5 FA (kg/m?) 528 741 710
6 CA (kg/md) 1166 1031 1061
8 Slump (mm) 15 21 27
9 7 day strength (MPa) 24 22 20
10 28 day strength (MPa) 36 40.3 (32) 39.6(34)

As referred the IS method of design is taken for consideration. For brevity, the 1S method of design for M30 concrete only is

explained in Appendix E.

4.2.1 Partial and full replacement of sand with quarry dust

Totally six different concrete mixes were considered having partial replacement of sand with QD as detailed in figure 4.1 (0% as
control and 20%, 40%, 60%, 80% and 100%as replacement levels). Workability tests were conducted for fresh concrete. To
obtain the strength in different aspects, control specimens like cubes, cylinders and prisms shown in

Appendix F were cast. The details of test specimens are also given in Table 4.7
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Table 4.7 Specimen details for various tests

No | Concrete specimens Nature of test

Compressive and indirect tension* tests

Water absorption test up to 24 hours

1 100mm cubes Ultrasonic pulse velocity (UPV) Test

Rebound value (Schmidt’s hammer)

Sulphate resistance/ Acid resistance tests

2 100x200mm cylinders Compression and indirect tension tests
3 100x200mm cylinders Rapid chloride penetration test

4 100%100x500mm prisms Modulus of rupture (flexural strength)
5 150 x 300mm cylinders Modulus of Elasticity of concrete

7 100mm cubes with rebar Pull out test

* only limited specimens

In order to produce a standard mix, weigh batching is adopted throughout the casting. The constituents were thoroughly
mixed until a good consistency mix was obtained in mixer machine and workability tests performed on each batch. The specimens
were cast over a table vibrator and moulds covered with polythene sheets in the laboratory for 24 hours and then demoulded and
cured in water until one day before testing at specified periods. A total of 288 specimens were cast for each grade of concrete.
(60 cube specimen for compression, 60 cylinder specimens for compression, 60 cylinder specimens for split tension, 48 prisms
for Modulus of rupture,12 cube specimen for acid test,12 cube for alkaline test, 12 cube for water absorption test,12 cylinder

specimen for RCPT test and 12 cylinders for modulus of concrete.

Table 4.8 Details of testing and curing days for various tests

No | Nature of test Days of curing before testing
1 Compression tests(Cube) 3 7 14 |1 28 | 60 90
2 Compression test(Cylinder) 3 7 14 |1 28 | 60 90
3 Split(indirect) tension (cylinder) 3 7 14 |1 28 | 60 90
4 Modulus of rupture ((flexure) 3 7 14 |1 28 | 60 90
5 Split (indirect )tension (cubes)* 28 60 90
6 Modulus of Elasticity of concrete* 28 60 90
7 Water absorption 28 60 90
8 Porosity 28 60 90
9 Rapid chloride permeability test 28 | 60 90

10 | Sulphate resistance 28 60 90
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11 | Acid resistance tests 28 60 90

12 | Alkaline resistance 28 60 90

* only for limited days or cases

Workability tests were conducted for all the six different concrete mixes as demonstrated in figure 4.2. Weigh batchin, machine
mixing, vibrated compaction and pond curing were employed for the fabrication of the control specimens planned for various
tests. The specimens were taken out of curing tank 24 hours before testing and kept for open drying. The tests for determining
the various strength were conducted as per the relevant standards as shown in figure 4.3. The characteristics of workability and

strength of the six different concrete made without plasticizer are presented in Table 4.9.

(b)

(b) Flow table test (c ) Compaction factor test

Fig. 4.2 Workability tests

(a) Compression test (b) Splitting (indirect) tension test
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(c) Flexure test (d) Pullout test
Fig. 4.3 Strength test on Control specimens

Spiral in the mould Specimen With plain bar With ribbed bar

(Specimen after Pullout test) Fig. 4.4 Details of pullout test
(As per IS 2770 Part | — 1967)

Table 4.9 The Workability and Strength Characteristics of M30 Concrete

Sand replacement by Quarry dust for M30 Grade

Eactors Concrete (1: 1.34: 2.36 w/c 0.42)

0% 20% 40% 60% 80% 100%
Slump(mm) 40 40 37 38 34 32
Compaction factor 00.90 | 00.90 | 00.89 | 00.87 | 00.87 | 00.86
Flow % 05.23 | 05.54 | 06.34 | 07.43 | 10.10 | 11.30
four (MPQ) 25,53 | 2340 | 2310 | 23.81 | 2258 | 21.11
feuzs (MPa) 3751 | 3840 | 3752 | 37.48 | 36.78 | 36.08
fey2e (MPa) 31.87 | 32.02 | 3251 | 3259 | 33.10 | 33.03
fcy / feu 0.849 | 0.836 | 0.854 | 0.869 | 0.891 | 0.915
ficy (MPa) 02.21 | 0250 | 02.43 | 02.46 | 02.60 | 02.94
for (MPa) 06.90 | 06.93 | 06.92 | 07.20 | 07.23 | 07.21
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4.2.2 Total replacement of sand with Quarry dust

Referring to Table 4.9, as the variations in the sand replacement levels towards the 28" day cube compressive strength of concrete
are negligible, a concrete of grade M30 was again designed by considering the properties of QD by totally replacing the sand
with QD. The details of Mix design for Quarry dust concrete is presented in Appendix E.
With this designed proportion, quarry dust concrete was prepared and the workability by slump, compaction and flow and strength
in compression, tension like characteristics were determined as done for the previous set of cases. The results for all the testing
are presented in Table 4.10.

Table 4.10 Workability and strength characteristics of SC and QDC

No Factors SC QDC Remarks
1 Concrete Grade M30

1:-115:- 254 1:1.22:2.54
2 | Mix proportion IS [Method of design

w/c = 0.42 w/c = 0.44

3 |[Slumpmm 35 31
SC is workable and

4 | Compaction factor 0.92 0.87

QDC has segregation

— 5 [ Flow 9% 07.03— 1012
6 | for (MPa) 20.67 21j50 Difference((¥4)% 7 Tcjos (MPa) 39.05
40.25 Differencd (+3)%
8 | fy(MPa)  32.80 34[34 Difference|(+4.5) %
fiy(MPa)  04.54 04[{95 Difference|(+9)%
10 | fer (MPa) 06.65 07{11 Difference(+7)%

11 | 0.7+fck 04.37 04{44 Conservative 12 fey/ feu 00.84 00.85

Agreeable

4 3.65x10* | Difference (- 1.6)%

Modulus of Elasticity

13 3.71x10 of concrete (MPa)

The test results of pullout test for sand concrete and quarry dust concrete specimens detailed already in figure 4.4 and the bond
stress with plain bars or ribbed bars inserted are presented in Table 4.11.

Table 4.11 Comparison of Pull out test results

No Bond Stress for Concrete type and Rebar (N/mm?)

Ribbed bar Plai 1 bar

sc QDC sC QDC
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1 3.26 4.66 3.05 4.35

2 3.87 4.45 3.55 3.76

4.2.3 Modulus of Elasticity of Concrete

For the determination of modulus of elasticity concrete, cylindrical specimens of size

150%300 mm were used. A 2000kN capacity Compression testing machine was utilized. The cylindrical specimen was fit into
the strain measuring apparatus called compressometer and kept between the jaws of the compression testing machine. The
instrumented specimen fixed in the compression testing machine is shown in figure 4.5. Three specimens from each concrete
type were tested. The stress and strain relationship at various load levels up to failure is shown in figure 4.6. The modulus of

elasticity of concrete at 28 days is determined from the stress-strain curve.

Fig. 4.5 Determination of Modulus of Elasticity of concrete

40
35 4
30
25

20 -+

Stress (MPa)

=

10

o 0.05 01 0.15 0.2 0.25 0.3

Strain

Fig. 4.6 Comparison of Stress-Strain relationship for M30 Grade
4.3 QUARRY DUST CONCRETE OF HIGHER GRADES

After confirming the workability and strength characteristics of M30 grade concrete, this experimental work extended to medium
and higher grades of concrete. The higher grades considered are M30, M40, M50 and M60. For the four different mix proportions
of both sand concrete and quarry dust concrete about 26 mix proportions were totally arrived with the incorporation of silica
fume and fly ash as the two additives. The details of different grades of sand concrete and quarry dust concrete for experimenting

with workability, strength and durability characteristics and the individual tests conducted for all the 26 mix proportions are
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shown in Figure 4.7. The designed mix proportions for the four grades of concrete namely M30, M40, M50 and M60 are presented
in the Table
4.12.

4.3.1 Mix Design for QD Concrete

The process of selecting suitable ingredients of concrete and determining their relative amounts with the objective of producing
a concrete of the required strength, durability, and workability as economically as possible, is the mix design. The proportioning
of ingredient of concrete is governed by the required performance of concrete in both plastic and the hardened states. If the plastic
concrete is not workable, it cannot be properly placed and compacted. For the investigation, the mix design for M30 and M40
concrete was made using 1S method and that of M50 and M60 grade was made using ACI method. Superplasticiser was not
required for M30 grade concrete but used for all others. To enhance the three dimensional properties of quarry dust concrete,

additives are also considered. Silica fume by 5% and 10% replacement and fly ash by 10%, 20% and 30% were tried as indicated

in figure 4.7.
Design Mix for SC and QDC
1§ 188
SC (M30,M40,M50&M60) QDC (M30,M40,M50&M60)
J} J;L S ﬂ'
M30 Grade M40 Grade M50 Grade M60 Grade
1d. 10, 20 & 30% FAl , 10,20 & 30% FA and  (0%) 5, & 10 % SF|
O U4
Experimentationfor 26 mixes

Workability Strength Durability
Characteristics Characteristics Characteristics

g J g

1.SlumpCone 1. Cube Compression 1.Water absorption
2.Compaction Factor 2. Cylinder Compression 2. Porosity
3. V-B degree 3. Split Tensile Strength 3.Acid attack
4. Flexure Strength 4. Alkaline Attack
5. E for concrete 5. Sulphate Attack
6. Rebound hammer 6. RCPT
7. UPV

Fig. 4.7 Design Mix and Experimentation for QDC Table 4.12 Details of Mix proportions of
medium and Higher Grades
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Mix proportion
N Conerete Remarks
0
Grade Standard concrete Quarry dust concrete
1:1.33:2.64 wic: 1:1.66:2.64 wilc:
1 M30
0.45 0.45 Designed by I
1:1.43:1.7 1:1.37:1.7 Method
2 M40
w/c: 0.43 w/c: 0.43
1:1.4:1.8 wi/c: 1:1.25:1.8
3 M50 .
0.38 w/c: 0.38 Designed by
1: 0.9 :1.9 w/c 1: 0.9 :1.9 w/c: ACI Method
4 M60
0.38 0.38

4.3.2 Workability Tests on Fresh Concrete

Concrete mix of the twenty six different proportions was prepared and workability tests like slump test, flow table test and

compaction factor test (1S: 5516 - 1996) conducted.

The workability characteristics of concrete are compared in Table 4.13.

Table 4.13 Results of Workability Tests

Grade of| Type of | Workability Characteristics
No
concrete Concrete Slump (mm) Compaction Factor Flow %
1 SC 100 0.92 46
2 M 30 QDC 90 0.87 40
3 (Without QDCF1 85 0.84 34
4 SP) QDCF2 85 0.80 36
5 QDCF3 80 0.80 41
6 SC 100 0.84 40
7 QDC 90 0.94 36
8 QDCF1 85 0.80 41
M 40
9 ) QDCF2 78 0.77 44
(With SP)
10 QDCF3 76 0.74 51
11 QDCSs1 85 0.80 41
12 QDCS2 80 0.77 44
13 SC 95 0.90 50
M50
14 ) QDC 80 0.96 40
(With SP)
15 QDCF1 85 0.94 38
16 QDCF2 85 0.82 42
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17 QDCF3 87 0.76 35
18 QDCS1 85 0.85 48
19 QDCS2 82 0.80 52
20 sC 75 0.93 424
21 QDC 50 0.80 38
22 QDCF1 80 0.86 40
M60
23 _ QDCF2 78 0.82 38
(With SP)
24 QDCF3 75 0.80 36
25 QDCS1 82 0.84 38
26 QDCS2 78 0.92 36

4.3.3 Compressive and tensile strength of concrete

The compressive strength on testing cubes and cylinders was calculated by using the formula and the results are presented
in Tables 4.14 and 4.15.

Failureload P

Compressive strength _ for cube/

cylinder  Area of cross section A

Table 4.14 Results of Cube Compressive strength

Cube Compressive Strength (N/mm?)
N Grade of | Type of
0
. ot 3 7 Days 14 28 Days| 60 90
Days Days Days days
1 SC 17.60 | 20.67 | 28.17 | 38.5 40.10 | 42.40
2 QDC 18.23 | 21.50 | 28.67 39.83 | 42.23 | 44.60
M 30
3 ) QDCF1 12.2 18.67 | 24.67 26.37 | 37.50 | 38.20
(With out SP)
4 QDCF2 135 21.67 | 29.17 35.26 | 40.33 | 46.67
5 QDCF3 12.6 20.33 | 24.67 2583 | 36.00 | 37.15
6 SC 22 34 38 51 51.4 51.46
7 QDC 20.1 27.2 32 43.3 44 45.06
8 QDCF1 17 24 324 44.6 45.3 47.6
M 40
9 ) QDCF2 17.4 25 31 44.2 45.8 47.5
(With SP)
10 QDCF3 17.2 24.8 31 44.8 45.7 47.4
11 QDCs1 21 27 35 49 49.06 | 49.20
12 QDCS2 22.5 30 33 48 48.26 | 48.40
13 M50 SC 28.6 38 49 58.56 | 58.73 | 59.0
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14 (with SP) [ QDC 260 | 34.64 |46 56 56.58 | 56.76
15 QDCF1  |246 | 2583 | 34.83 | 4260 | 48.60 | 52.10
16 QDCF2 |242 | 2500 | 2862 | 41.15 | 4622 |53.3
17 QDCF3  |224 [243 [333 | 4200 | 4850 | 56.30
18 QDCS1 | 28 34 49 57.65 |58 58.90
19 QDCS2 28.30 | 34.60 |49 58 58.40 |59

20 sC 23 41 48 53 64 66

21 QDC 21 38 43 45 48 50

22 QDCF1 |21 24 36 38 40 44

2| M QDCF2 |24 28 33 42 44 46

(With SP)

24 QDCF3 |25 29 40 44 52 54

25 QDCS1 |26 31 52 56 68 70

26 QDCS2 |24 34 49 59 80 86

Table 4.15 Results of Cylinder Compressive Strength

Cylinder Compressive Strength (N/mm?) on
Grade of | Type of

"§ concrete Concrete : / 1 e o0 =

Days Days Days Days Days days
1 M 30 SC 12.42 17.42 | 25.15 | 31.15 | 36.30 39.50
2 (With  out| QDC 1430 | 18.30 | 28.20 | 32.30 | 37.20 | 42.10
3 SP) QDCF1 11.40 13.62 | 2242 | 28.62 | 34.20 39.20
4 QDCF2 11.33 | 12.20 | 20.10 | 26.40 | 30.40 38.15
5 QDCF3 10.50 11.60 18.65 | 26.20 | 32.84 40.20
6 M 40 | SC 17.6 27 30.31 | 40.42 | 41.18 41.27
7 (With SP) | QDC 15.96 | 21.4 25.0 34.2 35.24 | 36.00
8 QDCF1 15.9 21 27.2 36.0 333 34.2
9 QDCF2 1580 | 21.60 | 27.00 | 35.6 33.3 34.1
10 QDCF3 15.60 | 21.10 | 27.7 35.40 | 33.10 34.00
11 QDCS1 16.80 | 21.65 | 28.00 | 39.15 | 39.23 39.32
12 QDCS2 18.00 | 24.00 | 26.40 | 38.4 38.64 38.72
13 M50 SC 22.88 | 304 39.2 46.84 | 46.98 47.20
14 (WithSP) | QDC 20.80 | 27.71 | 36.8 44.8 45.2 45.4
15 QDCF1 15.7 21 27.2 36.0 333 34.2
16 QDCF2 15.8 21.6 27 35.6 33.3 34.7
17 QDCF3 16.8 21.65 | 28.0 39.15 | 39.23 39.32
18 QDCS1 22.4 27.2 39.2 46.12 | 46.40 47.12
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19 QDCS2 22.64 | 27.68 | 39.20 | 46.47 | 46.72 | 47.2

20 M60 SC 14.00 | 24.00 | 38.00 | 44.00 | 48.00 51.00
21 (With SP) QDC 13.00 | 34.00 | 37.00 | 40.00 | 45.00 48.00
22 QDCF1 13.00 | 30.00 | 34.00 | 38.00 | 40.00 42.00
23 QDCF2 1422 | 21.60 | 26.00 | 33.30 | 39.23 40.00
24 QDCF3 16.00 | 22.00 | 26.00 | 35.00 | 40.00 42.00
25 QDCS1 20.00 | 34.00 | 36.00 | 40.00 | 52.00 55.00
26 QDCS2 21.00 | 35.00 | 38.00 | 43.00 | 53.00 67.00

The splitting tensile strength (indirect tensile strength) based cylinders are calculated by the following formulae and

compared for various mixes in Table 4.16.

Indirect tensile strength Failureload P 2P

Area of cross section SbL, SDL /

Table 4.16 Results of Splitting Tensile Strength

Split Tensile Strength (N/mm?) at
Grade of | Concrete
No 3days | 7days | 14 28 60 90
concrete Type
days days days days
1 SC 1.32 2.87 3.47 4.28 4.32 4.65
2 QDC 2.03 3.39 4.03 4.55 4.65 4.82
M 30 (With
3 QDCF1 1.32 2.92 3.47 4.32 4.42 4.65
out SP)
4 QDCF2 1.20 2.85 2.87 3.47 4.32 4.46
5 QDCF3 1.20 2.87 3.30 3.40 4.03 4.32
6 M 40 (With | SC 2.99 3.44 3.81 4.14 4.24 4.26
7 SP) QDC 3.12 4.33 4.46 452 454 4.60
8 QDCF1 2.2 3.4 3.7 3.8 4.0 4.10
9 QDCF2 2.1 3.3 3.7 3.8 3.8 4.10
10 QDCF3 2.0 3.4 3.8 3.9 3.8 4.0
11 QDCs1 3.37 4.77 4.93 5.09 5.16 5.20
12 QDCS2 3.82 4.93 4.97 5.20 5.28 5.41
13 SC 3.46 3.94 4.40 4.98 5.0 5.15
14 QDC 3.00 3.60 4.25 4.60 4.68 4.80
15 M50 QDCF1 2.20 3.40 3.7 3.8 4.0 4.10
16 | (With SP) QDCF2 2.6 3.3 3.7 3.8 3.8 4.10
17 QDCF3 3.21 4.21 4.25 4.64 5.02 5.24
18 QDCs1 3.2 3.52 4.25 4.84 4.96 5.0
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19 QDCS2 3.52 4.30 4.75 5.20 5.26 5.39
20 M60 SC 2.60 3.30 3.80 3.90 4.10 4.30
21 (With SP) QDC 2.30 3.20 3.40 3.70 3.90 4.00
22 QDCF1 2.00 2.30 2.30 3.20 3.30 3.80
23 QDCF2 2.30 3.00 3.30 3.70 3.80 4,00
24 QDCF3 2.50 3.00 4.00 4.50 5.00 5.10
25 QDCS1 260 3.40 4.00 5.15 5.70 6.30
26 QDCS2 2.80 3.80 4.40 5.00 6.30 6.40
4.3.4 Flexural strength of concrete

Flexural strength is one of the measures of tensile strength of concrete. It is the ability of a beam to resist failure in bending. It is
measured by loading plain concrete prism as shown in Appendix F. The maximum tensile stress reached in the rupture and the

flexural strength is expressed as Modulus of Rupture in N/mm?and the results are presented in Table 4.17

WL
W/2 W/2
M sWwL VIR
Flexural strength  Z a3 bd 6 f|
Table 4.17 Results of flexural strength test
Flexural Strength (N/mm?) at
N Grade of | Concrete
0
conerete Type 3 Days 7 14 28 60 90
Days Days Days Days days
1 SC 5.4 5.4 5.6 5.8 6.2 7.39
2 QDC 5.2 5.4 5.4 6.2 6.8 7.50
M 30 (Without
3 sP) QDCF1 5.4 5.6 5.6 5.6 5.9 6.20
4 QDCF2 5.6 5.6 5.8 5.8 5.9 6.40
5 QDCF3 5.4 5.6 5.8 5.9 6.2 6.4
6 SC 6.0 6.7 7.0 75 7.7 7.86
7 QDC 5.8 6.5 6.8 7.13 7.23 7.50
8 QDCF1 5.2 5.7 5.7 5.9 6.2 6.20
M 40 (With
9 sP) QDCF2 5.0 5.6 5.6 5.8 6.1 6.20
10 QDCF3 5.0 5.5 5.8 5.9 6.2 6.30
11 QDCs1 6.2 6.8 7.1 7.6 7.73 7.80
12 QDCs2 6.2 7.0 7.4 7.83 7.9 7.96
13 | M50 SC 6.5 6.7 7.8 8.2 8.3 8.50
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14 | (With SP) QDC 6.0 6.5 7.1 7.8 7.9 8.00
15 QDCF1 5.2 5.7 5.7 5.9 6.2 6.20
16 QDCF2 5.2 5.4 5.6 5.8 6.1 6.20
17 QDCF3 595 [621 |711 |7.62 |7.92 8.21
18 QDCS1 6.5 6.9 7.6 8.0 8.25 8.30
19 QDCS2 6.65 |71 7.7 8.2 8.4 8.58
20 | M60 sC 7.1 7.8 8.0 10.0 | 104 10.8
21 | (With SP) QDC 5.0 5.2 5.7 850 | 8.80 9.00
22 QDCF1 5.2 5.2 5.7 5.8 6.1 6.20
23 QDCF2 5.2 5.5 5.8 5.8 6.2 6.30
24 QDCF3 5.5 5.5 6.3 6.21 | 6.80 6.80
25 QDCS1 6.5 6.8 711 | 880 |9.00 10.4
26 QDCS?2 7.1 7.1 8.2 9.40 |10.0 10.8

4.3.5 Non destructive testing

Non destructive testing (NDT) is becoming popular as it has several advantages over destructive type of testing. Out of

several types of NDTs some relevant ones are presented here. The experimental results are given in Table 4.19

4.3.5.1 Rebound Hammer Test

Rebound hammer commonly adopted equipment for measuring the surface

hardness. It consists of a spring control hammer that slides on a plunger within a tubular housing.-When the plunger is pressed
against the surface of the concrete, the mass rebound from the plunger. It retracts against the force of the spring. The hammer
impacts against the concrete and spring control mass rebounds, taking the rider with it along the guide scale. By pushing a button,
the rider can be held in position to allow the reading to be taken. The distance travelled by the mass, is called the rebound number,
indicated by rider moving along a graduated scale. The testing of the specimen as shown in figure 4.8

4.3.5.2 Ultrasonic Pulse Velocity Test

Ultrasonic pulse velocity testing involves measurement of the time of travel of electronically generated mechanical pulse
through the concrete. UPV consists of measuring the time of an ultrasonic pulse, passing through the specimen to be tested. The
pulse generator circuit consists of electronic circuit for generating pulses and a transducer for transforming this electronic pulse
into mechanical energy having vibration frequencies in the range of 15 to 50 KHZ. The quality of concrete is assessed from the
value of the velocity as given in Table 4.18. The time of travel between initial onset and reception of the pulse is measured
electronically. The details are shown in figure 4.9

Table 4.18 Standard classification by UPV Testing

Velocity(km/sec) Classification(quality)

4.0 and above Very good
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35t04 Good
3.0t03.5 Medium
3.0 and below Poor

Fig. 4.8 Rebound Hammer Test in progress

Fig 4.9 Details of Ultrasonic pulse Velocity testing The path length between transducer divided by the
time travel gives the average velocity of wave propagation. The equipment used for this testing of specimen
is named as PUNDIT (Portable Ultrasonic Non-destructive Digital-

Indicator Tester). The test results are presented in Table 4.19.

4.3.6 Durability Studies

Concrete was considered to be a highly durable material requiring a little or no maintenance. The assumption is largely true,

expect when it is subjected to highly aggressive environments. Concrete durability is a subject of major concern in many
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countries. In IS 456-2000, durability aspect is one of the major revision, in line with codes of practices of other countries, dealing
with durability of concrete structures. The durability of cement concrete is defined as its ability to resist weathering action,
chemical attack, abrasion, or any other process of deterioration. Durable concrete will retain its original form, quality, and
serviceability when exposed to its environment. Durability tests have been planned to evaluate the following:

(i) Porosity and saturated water absorption
(i) Acid attack
(iii)Alkaline attack and

(iv)Rapid chloride Penetration test (RCPT)

4.3.6.1 Determination of Porosity and Saturated water absorption

Porosity test was conducted on 100mm cubes only. Cubes were immersed in water for

24 hours and then dried in a oven for 24 hours at 100° C. The difference in weight was noted. The water immersion views are
shown in figure 4.10(a). The saturated water absorption (SWA) and porosity were calculated from the formulae given below and
the results are given in Table 4.19:

SWA Wet weight Dryweight u100 and Porosity

Wet