ABSTRACT
        The objective of this study is to use of recycled aggregate as replacement of natural aggregate for saving the natural resources and energy. Recycled aggregates consist of crushed, graded inorganic particles processed from the materials that have been used in the constructions and demolition debris. The aim for this present work is to determine the strength characteristic of recycled aggregates for application in structural concrete. The scope of the thesis is to determine and compare the bond strength of concrete by prepared by natural aggregate and recycled aggregate. The investigation was carried out using workability test, compressive strength test, indirect tensile test, and bond strength test. A total of six mixes three from natural coarse aggregate with mix proportion of 1:1.87:3.24, 1:1.59:2.75 & 1:1.41:2.41with w/c 0.45, 0.39 & 0.34 respectively and remaining three were prepared in same ratio with recycled coarse aggregate. A water reducing admixture was used at 1% of weight of cement. It was observed that the workability of concrete reduces with use of recycled aggregate. For strength characteristics, the result showed a slight decrease in compressive strength, tensile strength and bond strength as the percentage of recycled aggregate is increased.
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APPENDIX I
CHAPTER-1
INTRODUCTION

1.1 General
One of the major challenges of our present society is the protection of environment. Some of the important elements in this respect are the reduction of the consumption of energy and natural raw materials and consumption of waste materials. These topics are getting considerable attention under sustainable development nowadays. The use of recycled aggregates from construction and demolition wastes is showing prospective application in construction as alternative to primary (natural) aggregates. It conserves natural resources and reduces the space required for the landfill disposal.
Concrete has been the leading building material since it was first used and is

bound to maintain its significant role in the upcoming future due to its durability, maintenance free service life, adaptability to any shape and size, wide range of structural properties plus cost effectiveness. The concrete is the most important construction material which is manufactured at the site. It is the composite product obtained by mixing cement, water and an inert matrix of sand and gravel or crushed stone. It undergoes a number of operation such as transportation, placing, compaction and curing. The distinguishing property of concrete is the ability to harden under water. The ingredients can be classified into two groups namely active and inactive. The active group consists of cement and water, whereas the inactive group consists of fine and coarse aggregates. The inactive group is sometimes also called inert matrix. Concrete has high compressive strength but its tensile is very low. In situations where tensile stresses are developed the concrete is strengthened by using steel bars or short randomly distributed fibres forming a composite material called reinforced cement concrete (RCC) or fibre reinforced concrete.

The resistance of concrete to the slipping of reinforcing bars embedded in concrete is called bond strength. The bond strength is provided by adhesion of hardened cement paste and by the friction between concrete and reinforcement. It is also affected by the shrinkage of concrete relative to steel. On an average bond strength is taken approximately as 10% of the compressive strength . The roughness of the steel surface, water, the chemical composition of cement and steel bar diameter are the factors that affect the bond strength of concrete. In pull-out tests on plain bars, the maximum load generally represents the bond strength that can be developed between the concrete and steel. With plain bars the maximum load  is not very different from the load at the first visible slip, but in the case of the deformed bar, the maximum load may correspond to a large slip which may not in fact be obtained in practice before other types of failure occur. The load shall be applied to the reinforcing bar at a rate not greater than 2250 kg/mm2 ,or at no-load speed of the testing machine head of not greater than  1.25 mm/min, depending on the type of testing machine used  and the means provided for ascertaining or controlling speeds. The maximum load for each type of failure shall be recorded.

The new replaces the old and same follows with the buildings. Older buildings require reconstruction for better and higher economic gains and on account of obsolescence on structural or functional grounds and also due to the damages inflicted on them by natural disasters and wars. The rate of demolition showed an upward trend which in turn increased the dumping costs due to unavailability of appropriate sites nearby.


Thus efficient use of the demolished concrete would reduce the costs and definitely lead to conservation of the invaluable non-renewable sources of energy and hence must be given due importance. The demolished concrete could be used as aggregate for concrete resulting in large consumption of the material. Recycling is the act of processing the used material for use in creating new product. The usage of natural aggregate is getting more and more intense with the development in infrastructure area. In order to reduce the usage of natural aggregate, recycled aggregate can be used as the replacement material. Recycled aggregate comprise of crushed, graded inorganic particles obtained from the materials that have been used in the constructions and demolition debris. These materials are generally from buildings, roads, bridges, and sometimes even from catastrophes, such as wars and earthquakes.

1.2 Historical Background and Developments  
           The Second World War witnessed large scale bombardment of cities resulting in vast amounts of building rubble and fortifications. The economic restrains, transportation problem and lack of equipment to carry rubble posed hurdles in the path of reconstruction. Around the year 1973, where as on side the large scale urban expansion led to depletion of natural aggregate in the close by regions thereby increasing the transportation costs highly and on the other side replacement programs made available substantial amount of demolished concrete posing the problem of disposal. In Western Europe and USA research in this regard was advanced by American researchers. The idea of reusing demolished concrete as aggregate suggested a solution to these two problems and hence was justified as alternative material source in 1976. Following this many countries like Germany, England and Netherland made significant and systematic attempts to reuse demolition material.

Although, global estimates regarding construction and demolition works are not available but the figures from the European Union indicate 175 to 350 million tones of construction being done for a population of 350 million, i.e.0.5 to 1 tonnes per capita per annum. Furthermore, waste is generated by catastrophes and wars, e.g. the hurricane Andrew in August 1992 caused damage to more than 10,000 residences in Florida and the earthquake in Kobe, Japan generated building waste of the order of 20 million tones.

           The concern regarding possibility to generate quality aggregate using demolished concrete has been the mainstay of research on concrete in the last two decades in many countries including India. Research has been going on to study the properties of demolished concrete as aggregate when used for structural purposes.
                An international symposium was organized by the University of Dundee, London on November 11-12, 1998 to discuss the current level of technology of recycled aggregate. It drew participation from over 70 international experts including Europe, USA, Australia and Japan.

1.3     Environment prospect
              Before discussing the environmental impact of concrete, it is helpful to have a general under standing of how current environmental problems relate to technology choices. Let us assume that environmental damage (D) is a function of three interlinked factors that are expressed mathematically as follows:

D = f(P×I ×W)                
          where P stands for 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 exponential and unsustainable forecast of CO2 emissions during the 21st century is based on an estimate of population increase from 6 to 9 billion, a corresponding growth in industrial development and urbanization that would result in three-fourths of the earth’s inhabitants living in urban communities, and assuming little or no change in today’s wasteful consumption pattern of natural resources. As (W) has a multiplier effect on the environmental damage, we can control the degree of damage by controlling this factor. To do this, we have to examine our current economic models and technological choices that promote wasteful consumption of natural and manufactured materials.

Effect of mining on enviromen

    Dust and Air Pollution

            Mining and its associated activities of drilling, blasting and transportation increase the suspended particulate matter in the air which is harmful to the health of the workers exposed to the mine environment and also effect the near by residential area. Dust emissions affect the climate, damage the material, human health, and vegetation. When the total amount of particulates in the atmosphere increases, particulates may absorb incoming solar radiation, causing an increase in the atmospheric and land surface temperature.
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Fig.1.1 Picture show the polluted crusher zone in NCR
Hydro-geological Disturbances
Hydro-geological survey shows that the mining has affected  ground water table up to great extent. In many region in which large area fall under mining  the water table of that region is down by more than 5m with respect to surrounding region which are free from mining.  Mining and consequent deforestation has reduced the rainfall over the years and hence quantum of recharge of the ground water. Which cause further down fall of water table.
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              Fig.1.2 Dry bed of Badhkal lake in Faridabad in NCR
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            Fig.1.3 Mining cause formation of large no of water bodies
 Land

 Mining can cause physical disturbances to the landscape, creating eyesores such as waste-rock piles and open pits. Such disturbances may contribute to the decline of wildlife and plant species in an area. In addition, it is possible that many of the premising surface features cannot be replaced after mining ceases. It is found that adjoining land nearly ten time of mining area is destroyed.
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Fig.1.4  Thousand of acer land destroyed due mining
 Human Ecological Impact of Mining

Mining constitute a major hazard to man and environment. It damages 20 times the lease area including forest land, pasture land and agricultural fields by way of overburden deposits and drainage (Valaiya 1990). Though it generates employment, workers become disabled at the age of 40 due to mining related diseases, air, water, and noise pollution. In the families surveyed, more than 70 per cent workers suffer from some disease. In 63.2 per cent cases the respondents themselves have been the victims. The reported types of diseases from which the workers have generally suffered were tuberculosis (4.8%) asthma (0.6%), malaria (49.7%), heat stroke (5.5%), liver disease (15.5%) and other diseases (23.6%). Number of workers reported that mine workers after working for few years become physically handicapped and invalid to work at the age of 40 to 45 years.
           It is, therefore, essential to adopt scientific and systematic mining methods, which should include regeneration of the mining blights and minimizing the damage to the environment both natural and social.
1.4     Prospects in India
                 There is severe shortage of infrastructural facilities like houses, hospitals, roads etc. in India and large quantities of construction materials for creating these facilities are needed. The planning Commission allocated approximately 50% of capital outlay for infrastructure development in successive 10th & 11th five year plans. Rapid infrastructural development such highways, airports etc. and growing demand for housing has led to scarcity & rise in cost of construction materials. Most of waste materials produced by demolished structures disposed off by dumping them as land fill. Dumping of wastes on land is causing shortage of dumping place in urban areas. Therefore, it is necessary to start recycling and re-use of demolition concrete waste to save environment, cost and energy. 

          Central Pollution Control Board has estimated current quantum of solid waste generation in India to the tune of 48 million tons per annum out of which, waste from construction industry only accounts for more than 25%. Management of such high quantum of waste puts enormous pressure on solid waste management system. 

           In view of significant role of recycled construction material and technology in the development of urban infrastructure, TIFAC has conducted a techno-market survey on ‘Utilization of Waste from Construction Industry’ targeting housing /building and road segment. The total quantum of waste from construction industry is estimated to be 12 to 14.7 million tons per annum out of which 7-8 million tons are concrete and bricks.   In a developing country like India effective usage of demolished concrete could be of great help in the conservation of resources and maintaining pollution free environment.
1.5 Economic Feasibility

For the successful promotion of recycled aggregate in concrete it is essential to 

identify the problems that might come in the path and also find the solutions to them. The choice of recycled and natural materials depends upon the available quality and the price. Though, the quality of the recycled aggregate is as good as that of natural aggregate, it will remain under suspicion until large scale usage spreads over the globe. Thus, it would be used only under the condition the it is significantly cheaper than the natural aggregate, One of the ways of realizing this is to introduce special benefits in favour of recycling. But where there is lack of both raw materials and dumping sites, recycled aggregate will definitely prove ot be competitive.
1.6
Scope of Investigation


The concrete obtained from the demolition sites can be used for the production of aggregate of acceptable quality which in turn reduces the consumption of the natural aggregate and hence the ever rising costs of construction. Also it saves energy used in the manufacturing process. Hence the present work involves systematic study of fresh and hardened state properties of concrete using aggregates obtained from fresh demolition operations. The properties (Bond Strength, Compressive Strength and Tensile Strength) of the concrete made from demolished concrete are compared with properties of the concrete made from natural aggregate. In the present work the natural aggregate is replaced by recycled aggregate and mixes are prepared using both aggregate various properties like Compressive Strength, Tensile Strength and Bond Strength are study.
1.7  Organization of Dissertation

A brief idea about the organization of thesis is as follows:

Chapter-1 Introduction

This chapter introduces concrete and its properties and recycled aggregate’s need and uses. It also gives and insight to its historical background and the development it has  undergone over the years. Prospects and economic feasibility of recycled aggregate have also been discussed in this chapter. Thesis outline and scope of the work are dealt at the end of this chapter.

Chapter-2 Literature Review


This chapter includes the application of demolished concrete aggregate as well as Literature Review which discusses concrete properties such as compressive strength tensile strength, bond strength, additional water absorption, carbonation and toughness test etc.

Chapter-3 Experimental Programme and setup

This chapter describes the preparation of materials and various properties of these materials. It also includes the properties of fresh concrete and casting of specimens. The testing of the casted specimens is also included in this chapter.

Chapter-4 Results and Discussion

The result obtained by the experimental work has been discussed in this chapter. This chapter also includes result tables and graphs.

Chapter-5 Scope and Conclusions


Conclusions of present work and scope of further work have been included in this chapter. All the references used in the thesis follow this.

Appendix-1 Details of Mix Design (using IS code method).
CHAPTER-2

   LITERATURE REVIEW
2.1 
General

  Making use of demolished concrete has been the subject of investigation for a long time and it has been established that the use of recycled aggregate is an appropriate solution of the problem of dumping hundreds of thousands tons of debris and hauling through long distances. Recycled aggregate is proven to be a valuable building material in technical, environmental and economical respect.



Traditionally, recycled aggregate has been used as landfill. But nowadays, the use of recycled aggregate in construction areas has increased. Recycled aggregate has been used as Concrete mix  and Gutter Mix in Australia (35). 10mm recycled aggregate and blended recycled sand are used for Concrete Kerb and gutter mix in the lenthall Street project in Sydney.

Recycled aggregates are used as granular base course in the road construction. Recycled aggregate proved better than natural aggregate when used as granular base course in road construction. It was observed that when the road is built on the wet sub grade creas, recycled aggregate will stabilize the base and provide an improved working surface for pavement structure construction. The demolished concrete aggregate (recycled aggregate) is used and widely accepted for the construction of pavements, base and sub-base courses and also up to some extent for foundation purposes. In USA, the use of recycling technology in a number of full scale pavement rehabilitation projects has been accomplished since 1976(26).


Market Development Study for Recycled Aggregate Products (2001) (35) stated that recycled aggregate can be used in embankment site is on the wet sub grade areas, recycled aggregate can stabilize the base and provide and improved working surface for the remaining works. Recycled Aggregates have been used as paving blocks in Hong Kong. Norwegian Building Research Institute mentioned that recycled concrete aggregate can be used as backfill materials in the pipe zone along trenches after having tested in laboratory. Also Optiroc AS used recycled aggregate to produce the masonry sound insulation blocks.

Recycled concrete was first used for the production of new concrete in lowa (26) in 1976 where a 41 year old pavement was crushed and the demolished concrete was used as aggregate in the production of concrete for a new one mile long and 22.5 cm thick highway pavement. In lowa in 1978 crushed concrete was used as aggregate for production of a new 17 mile (27.2km) long and 20cm thick highway pavement. The Minnesota department of transportation recycled 16 miles long plain concrete pavement into a new concrete pavement on a trunk highway in 1980. Recycled aggregate is also used for the partition walls in apartment in  Netherland. Since the Second World War, European countries namely Germany, England and Netherland and Japan have been trying to study and come up with methods to reuse demolished concrete in the construction of civil works. A code of practice on recycled aggregate and recycled aggregate concrete for construction purposes has also been developed by some countries. In India there are no Known instances of specific areas of practical utilization of recycled aggregate. The prospects of recycled aggregate seem quite bright and one can predict remarkable contribution of recycled aggregate and technology in the construction sector in the 21st century.
2.2 Review of Literature
The basic properties of aggregate obtained by crushing another concrete has 

been studied by many researchers. Nixon (1978) was the pioneer for using recycled concrete as aggregate for concrete. Water absorption of the recycled concrete aggregate is significantly higher, because cement paste adhering to the old aggregate particles absorbs water.


The compressive strength of recycled aggregate is slightly lower (up to 20% lower in some cases) than that of original concrete. The use of demolished concrete fines does not have any significant effect on compressive strength but it reduces the workability significantly. Though there is little difference in the modulus of elasticity in using demolished concrete aggregates, there is no information on the effect of fines on this property. The examination of durability of recycled concrete with respect to the freeze/thaw resistance of the concrete yielded that with uncontaminated concrete there is no problem and that with concrete containing a highly porous frost susceptible aggregate, there may actually be an improvement probably because the cement paste blocks the pores. The drying shrinkage is found to be greater in recycled concrete. There is no information available on creep, expansion or resistance to aggressive solution such as sulphates of recycled concrete.

In 1996, Walker, P.R. et. Al. (37) studied the effect of lateral pressure on the bond strength of deformed reinforcement set in normal weight concrete. A Large number of tests were undertaken in which the main variables affecting bond strength were investigated. The variables were concrete strength, reinforcing bar diameter, concrete cover, lateral pressure, position of casting and bar spacing. It was observed that the bond strength of single top cast bars is less than that for bottom bars, which is probably caused by the formation  of laitance, plastic settlement and shrinkage of concrete around the bars in case of the top cast bars. The bond ratio is approximately constant with bar diameter for lower strength concrete and decreases with bar diameter for higher strength concrete. The bond ratio increases with cube strength although, for the larger sizes commonly employed as main reinforcement, this increase is small. The results of the tests on beams showed that the bond strength developed at the supports was generally greater than that in the pull-out tests.

In 1998, Hamad, B.S.et.al.(8) observed the effect of transverse reinforcement on the bond-slip characteristics of tension lap slices in high performance silica fume concrete. They tested twelve beam specimens, each beam specimen included two bars in lension, spliced at the centre of the span. The beams were designed in a way that bars would fail in bond, splitting the concrete cover in the splice region, before reaching the yield point. The beams were loaded in positive bending with the splice in a constant moment region. The variables used were the percentage replacement by weight  of cement by silica fume and the amount of confinement over the splice region. The test results indicated that silica fume decreased the bond strength. Specimens containing silica fume, without transverse reinforcement in the splice region had a brittle, sudden and noisy mode of failure. The use of transverse reinforcement in the splice region increased the bond strength and the ductility of the mode of failure of the beam specimens.

In 1999, Hamad, B.S. et.al. (9) studied the effect of silica fume on bond-slip characteristics of deformed bars in high performance concrete. The effect of transverse reinforcement on the bond-slip behavior of tension lap splices in silica fume concrete was also investigated. Transverse reinforcement was recommended in order to increase the bond strength and improve the ductility of mode of failure. Top cast specimens developed slightly more bond strength than bottom cast specimens when no silica fume replacement was used. However, when 8% or 16% of Portland cement was replaced by silica fume, top and bottom cast specimens developed nearly similar bond strength value. Based on the results of this study and the earlier study by Hamad et al ..it was recommended to remove the ACI limit of 70 Mpa on  fc (Compressive Strength of concrete in Ib/sq. inch ) while computing development length of bottom or top cast reinforcement. The removal should be completed by providing minimum transverse reinforcement in the anchorage or splice region.

In 1999, Katz, A. (25) studied the bond mechanism of Fibre Reinforced Polymer (FRP) rebar to concrete. Five different types of 12.7mm and 12.0mm rebar subjected to different surface treatments were tested . and the bond mechanism was compared with that of untreated FRP rods and ordinary deformed steel. They observed different pre peak and post-peak behaviors for the various rods when the entire set of P-s (Pullout load vs. slip) curves was compared. Brittle behavior was apparent wherever the external layer of the rod exhibited large deformations formed in a stiff matrix. Where the surface was rough, more ductile behaviour was detected. It was observed that the wedging of particles into the surface can alter the load-slip behaviour, from slip-weakening to slip-hardening.

In 2000, Hamad, B.S. et. al . (11)  investigated the effect  of silica fume, bar size, and concrete confinement on the bond-slip characteristics of  bottom cast reinforcing bars anchored in eccentric pullout silica fume specimens. Forty-eight eccentric pullout specimens were tested. The variables were the percentage replacement by mass of cement by silica, the concrete cover over the percentage replacement by mass of cement by silica, the concrete cover over the reinforcing bar, and bar size. Failure of the specimens was governed by splitting of the concrete cover over the anchored bar. The test results indicated that as the percentage silica fume increased, the maximum load capacity and the stiffness of the load-slip curve of the bottom cast bar decreased regardless of bar size or the concrete cover used. The reduction in the ultimate load due to presence of silica fume was independent of casting position. Companion bottom and top cast anchored bars developed similar ultimate load capacity regardless of the percentage replacement silica fume.
In 2002, Buyle- Bodin, F.et.al. (2)  drew a comparison between the behaviour of RAC and that of ordinary natural aggregate concrete. The influence of both the composition and the curing conditions was discussed. It was observed that durability of RAC is controlled by flow properties total W/C ratio and air permeability. The diffusion of the carbon dioxide is faster, that leads to a weaker resistance of RAC to environmental attacks.

In 2003, Hendriks, F.Ch.et.al. (12) developed the approach called Design for Recycling can be used to optimize design of constructions for later reuse and the Design for Disassembly can be used for demolition. For the technical aspects two models were developed concerning degradation processes and high-graded applications. These modeis were based on life Cycle Assessment method.

In 2004, Levy, Salomon M.et.al. (27) studied three properties water absorption, total pores volume and carbonation of concrete. They made concrete with recycled aggregate (0%, 20%, 50% & 100% replacement) from recycled sources and achieved compressive strength in the range of 20-40 MPA at 28 days which is same as natural aggregate. It was found that the carbonation depth decreased when the replacement was 20% or 50% which shows that carbonation depth depends strongly on the chemical composition of the concrete and not only on the physical aspects.


In 2005, Xiao, Jianzhuang et.al. (39) studied the bond behaviour between recycled aggregate concrete (RAC) and steel rebars. They conducted 36 pull out tests with 3 recycled coarse aggregate (RAC) replacement percentages (0%, 50%, & 100%) and two types of steel rebars (plain & deformed). They found that under equivalent mix proportions with an increase of RCA replacement percentage, the bond strength between the RAC and plain rebar decreases. The bond strength between RCA and deformed rebar has no obvious relation with the RCA and deformed rebar has no obvious relation with the RCA replacement percentage.


In 2006, Etxeberria, M. et. al (4) Studied the shear and strength behaviour of beam made with recycled aggregate concrete. Twelve beam specimens with the same compressive strength, four concrete mixtures using different percentages of recycled coarse aggregate (0%, 25%, 50%, & 100%) and three different transverse reinforcement arrangements were cast and tested up to failure. Analytical predictions of the experimental results were carried out using a numerical model based on the modified compression field theory and simplified models such as those proposed by Cladera &  Mari, the Canadian standard CSA and the Eurocode-2. It was observed that a substitution of less 25% of coarse aggregate, scarcely affects the shear capacity of RC beams.  

In 2006,Poon, C.S. et. al. (31) studied the environmental benefits of using recycled aggregates. Concrete mixes with a target compressive strength of 35 MPa prepared with the use of recycled aggregates at the levels from 0 to 100%of  the total coarse aggregate. The influence of recycled aggregate on the slump and bleeding were investigated. The effect of delaying the starting time of bleeding tests and using fly ash on the bleeding of concrete have been explored. It was observed that the use of recycled aggregates resulted in higher taste of bleeding. The replacement of cement by 25% fly ash increased the slump of concrete mixes or without recycled aggregates. It had beneficial effects in reducing the bleeding rate and bleeding capacity, with only minimal negative effects on concrete strength at or before 28 days, but positive effects on the strength at 90 days.

In 2006, Rao, Aakash et. al. (32) studied the effect of recycled aggregate concrete can be used in lower end applications of concrete. It was concluded that recycled aggregate can be used for making normal structural concrete with the addition of fly ash, condensed silica fume etc.


In 2007, Debs, Mounir K. El et. al. (3) analyzed the bond behaviour of self compacting concrete (SCC), in comparison to vibrated concrete (VC), using pull-out and beam tests according to the Rilem procedures. The main analyzed parameters were the concrete compressive strength. The steel bar diameter the concrete type and the test adequacy to provide a value for bond strength. Also a comparison between Code provisions and empirical equations was done . The analytical results showed satisfactory approach compared to the experimental ones. It was concluded that the same parameters adopted for VC can be extended for SCC.

In 2007, Zhang, Xue –bing et. al. (38) developed a formula for additional water requirement in recycled concrete. They found that the specific absorption of coarse aggregate increases as the time of absorbing water goes on. In the first 10 minutes the water absorption speed is the greatest and then it decreases and changes very little. The specific absorption and water absorption speed of RCA are greater than those of crushed stone and pebble, within the same time.

In 2008, Tabsh, Sami W. et. al. (36) studied the strength of concrete made with recycled concrete coarse aggregate. The two variables considered in the study were the source of the recycled concrete and recycled concrete strength. Test results indicated the losses as 50% for toughness and 12% for soundness tests which are within acceptable limits. They found that the recycled concrete mix requires more water than the conventional concrete to maintain the same slump without the use of admixtures. The strength of recycled concrete can be 10-25% lower than that of concrete made with natural coarse aggregate.
2.3 Discussion on Literature Review


Some research has been done on normal weight concentration high performance concrete silica fume concrete fibre reinforced concrete SCC and VC. Very few literature is available on various properties of RAC with fewer work on properties like bond strength.
2.4 Summary

This chapter includes application of RCA and research work related to various properties such as water absorption toughness bond strength ductility concrete strength bleeding of concrete etc carried out by various researchers. In present study experimental work has been done to study properties like compressive strength tensile strength bond strength of RAC having proportion (1:1.87:3.24) with w/c=0.45 , (1:1.59:2.75) with W/C=0.39 and (1:1.41:2.41) with W/c=0.34.

CHAPTER-3

EXPERIMENTAL PROGRAMME

3.1 General
The selection of mix materials and their required proportion is done through a process called mix design. There are number of methods for determining concrete mix design. The methods used in India are in compliance with the BIS (Bureau of India Standards). The objective of concrete mix is to find the proportion in which concrete ingredients-cement water fine aggregate and coarse aggregate should be combined in order to provide the specified strength workability and durability and possibly meet other requirements as listed in standards such as IS: 456-2000. The specification of a concrete mix must therefore define the materials and strength work and durability to be attained. IS:10262-2009 given the guidelines for concrete mix designs. In this study six batches of mixes were determined. Three mixes were taken with first mix (1.1.87:3.24, w/c =0.45), second mix (1:1.59:2.75,w/c=.39) and third mix(1:1.41:2.41,w/c=0.34). The natural coarse aggregate was replaced by recycled coarse aggregate and the properties such as compressive strength bond strength and indirect tensile strength were studied.
3.2 Material properties

The mechanical and physical properties of cement sand natural coarse aggregate and coarse aggregate from demolished concrete as per IS:2386-1963 were determined.

3.2.1
Cement

           Ordinary Portland cement of 43 grade (Source : Ultra tech Cement ) conforming to IS:8112-1989 was used. The cement was tested as per IS 4031-1986. The test results of the cement are given in the Table 3.1
Table 3.1
Physical properties of cement 43-grade
	S.No.
	PROPERTIES
	OBSERVED

VALUES
	VALUES

SPECIFIED BY

IS:8112-1989

	1.
	Fineness % (90um  I.S. Sieve)
	4
	Not more than 10

	2.
	Soundness (mm)
(Le Chatelier Method)
	1.0
	Not more than 10

	3.
	Normal Consistency (%)
	29
	---------------


	4.
	Initial Setting Time (minutes)
	220
	>=30

	5.
	Final Setting Time (minutes)
	300
	<=600

	6.
	Compressive Strength (MPa)
i) 3 days

ii) 7 days
	26.07

31.40
	>23

>33

	7
	Specific gravity
(Le-Chatelier’s Method
	3.25
	-----------


3.2.2 Natural Fine Aggregate
Yamuna coarse sand was used as a fine aggregate =. The grading of  sand and other properties are given in the table 3.2. The sand conforms to zone II as per IS:383-1970.

Table 3.2(a) Sieve Analysis of  Natural Fine Aggregate (Yamuna River Sand)

Weight of Sample Taken = 1000gm
	IS Sieve Size

(mm)
	Weight

Retained

(gm)
	Cumulative

Weight

Retained
	Cumulative

Percentage of

Weight

Retained
	Percentage

Passing

	4.75
	152
	152
	15.2
	84.8

	2.36
	51
	203
	20.3
	79.7

	1.18
	116
	319
	31.9
	68.1

	.6
	114
	433
	43.3
	56.7

	.3
	379
	812
	81.2
	18.8

	.15
	144
	956
	95.6
	4.4

	.075
	25
	981
	98.1
	1.9

	Pan
	-
	-
	-
	-












Σ F = 385.6







 Fineness Modulus (F.M.) = 3.86







Sand conform to grading zone II of I.S. 383-1970
Table 3.2 (b) Physical Properties of Natural Fine Aggregate

	S.No
	Property
	Observed Values

	1.
	Bulk Density (Loose), kg/m³
	1682

	2.
	Bulk Density ( Compacted), kg/m³
	1886

	3.
	Specific Gravity
	2.62

	4.
	Free Moisture%
	1.48

	5.
	Water Absorption%
	14.3


3.2.3
Natural Coarse Aggregate 


Coarse aggregate of 10mm and 20mm sizes were used. The grading and properties of the coarse aggregate are given in the tables 3.3 and 3.4 respectively. 
Table 3.3 (a) sieve Analysis of Coarse Aggregate (10 mm) 

Weight of Sample Taken=2000gm

	IS Sieve Size

( mm)
	Weight

Retained (gm)
	Cumulative Weigh Retained (gm)
	Cumulative percentage of Weight retained
	Percentage Passing

	25
	0
	0
	0
	100

	20
	0
	0
	0
	100

	12.5
	8
	8
	.4
	99.6

	10
	541
	549
	27.45
	72.55

	4.75
	1414
	1963
	98.15
	1.85

	2.36
	32
	1995
	99.75
	.25

	Pan
	-
	-
	-
	-













ΣC=125.6








Fineness Modulus (F.M) = 6.2

Table 3.3 (b) Physical Properties of Coarse Aggregate (10 mm) 
	S.No.
	Property
	Observed Values

	1.
	Bulk Density ( Loose), kg/m³
	1307

	2.
	Bulk Density ( Compacted), kg/m³
	1469

	3.
	Specific Gravity
	2.64

	4.
	Free moistures%
	0

	5.
	Water Absorption
	.5


Table 3.4 (a) Sieve Analysis of Coarse Aggregate (20 mm)
   Weight of Sample Taken = 2000gm
	IS Sieve Size (mm)
	Weight Retained (gm)
	Cumulative Weight Retained (gm)
	Cumulative percentage of Weight Retained
	Percentage Passing

	25
	0
	0
	0
	100

	20
	72
	72
	3.6
	96.4

	16
	740
	312
	40.6
	59.4

	12.5
	577
	1389
	69.45
	30.55

	10
	546
	1935
	96.75
	3.25

	4.75
	54
	1989
	99.45
	0.55

	Pan
	-
	-
	-
	-












          ΣC=199.8









Fineness Modulus ( F.M.) = 6.99

Table 3.4 (b) Physical Properties of Coarse Aggregate (20 mm)
	S.No
	Property
	Observed Values

	1.
	Bulk Density ( Loose), kg/m³
	1477

	2.
	Bulk Density ( Compacted), kg/m³
	1554

	3.
	Specific Gravity
	2.67

	4.
	Free Moisture%
	0

	5.
	Water Absorption%
	.3


3.2.4
Coarse Aggregate from Demolished Concrete

The aggregate was produced by crushing the old concrete pavement. All the aggregate size were screened to give the combined coarse aggregate size higher than 4.75mm but lower man 20mm. Coarse aggregate of size 20mm-10mm and 10mm-4.75mm were separate. The different size aggregate fill each other and thus increase the strength.

                 The particle shape of the demolished concrete (recycled aggregate) was round and surface textures porous and rough. This was expected owing to the presence of attached mortar of the old natural aggregate. The specific gravity of the demolished concrete coarse aggregate was lower then the corresponding value of natural coarse aggregate and water absorption higher due to presence of low density porous mortar. The resistance against crushing was slightly lower than that of natural aggregate. The properties of the demolished concrete coarse aggregate are given in the Table 3.5 a-b

Table 3.5 (a) Sieve Analysis of Recycled Aggregate
Weight of Sample Taken = 2000gm
	IS Sieve size (mm)
	Weight Retained

( gm )
	Cumulative Weight Retained (gm)
	Cumulative percentage of Weight Retained
	Percentage Passing

	25
	0
	0
	0
	100

	20
	30
	30
	1.5
	98.5

	16
	289
	319
	15.95
	84.05

	12.5
	491
	810
	40.5
	59.5

	10
	904
	1714
	85.7
	14.3

	4.75
	261
	1975
	98.75
	1.25

	2.36
	7
	1982
	99.1
	0.9

	Pan
	-
	-
	-
	-













ΣC=185.95









Fineness Modulus (F.M.) = 6.86
Table 3.5 (b) Physical Properties of Recycled Aggregate
	S.No.
	Property
	Observed Values

	1.
	Bulk Density ( Loose), kg./m³
	1128

	2.
	Bulk Density ( Compacted), kg/m³
	1298

	3.
	Specific Gravity
	2.46

	4.
	Free Moisture%
	2.03

	5.
	Water Absorption%
	5.4


3.2.5 Water


Water used for mixing and curing was free from deleterious materials materials as per clause no. 5.4 of IS 456-2000. Potable water is generally considered satisfactory for mixing and curing of concrete.

3.3 Mix proportion
                Six batches of three mix of ratio (1:1.87:3.24 with w/c=.45, 1:1.59:2.89 with w/c=.39 & 1:1.41:2.41 with w/c =.34 ) were prepared using natural coarse aggregate and recycled coarse aggregate. A super plasticizer (fairflo s super modified) is used to reduce the water content. For best result it will be used b/w 0.5% to 1.5% of wt. of cement. The mix proportion of the concrete are given in table
Table 3.6 Mix proportion
	S.N0.
	Mix proportion
	Cement

(Kg/m³)
	FA

(Kg/m³)
	NCA

(Kg/m³)
	RCA

(kg/m³)
	Water

(kg/m³)
	Admixture
(kg/m3)

	1.
	1:1.87:3.24
	372
	696
	1207
	0
	167
	3.72

	2.
	1:1.87:3.24
	372
	696
	       0
	1207
	167
	3.72

	3.
	1:1.59:2.89
	428
	680
	1180
	0
	167
	4.28

	4.
	1:1.59:2.89
	428
	680
	0
	1180
	167
	4.28

	5.
	1:1.41:2.41
	477
	674
	1149
	0
	167
	4.77

	6.
	1:1.41:2.41
	477
	674
	0
	1149
	167
	4.77


3.4 Casting of Specimens

The three mix types chosen were 1:1.87:3.24, 1:1.59.2.75, and1 1:1.41:2.4 with w/c=0.45,0.39 & 0.34 respectively. Concrete mixes were prepared using 10mm & 20mm natural coarse aggregate and recycled coarse aggregate obtained from demolished concrete. 

              In all the above mixes workability was measured by slump test  and compaction factor test . The test specimens were 150mmX150mm cubes for compressive strength, 150mmX 300mm cylinders for split tensile and 150mmX 300mm cylinders for bond strength. The specimens were cast according to IS: 516-1959. The specimens were tested at the age of 3, 7, 14 and 28 days. The aggregates used were in saturated surface-dry condition. The test procedures were followed as per relevant Indian standard specifications. The batching was done by weight.

Table 3.7 Size of Moulds
	S.No
	Moulds
	Size (mmXmm)
	Specimen Casted

	1.
	Cube
	150x150x150
	Compressive Strength

	2.
	Cylinder
	300x150
	Bond Strength

	3.
	Cylinder
	300x150
	Split Tensile Strength


3.4 Preparation of Concrete from Demolished Concrete Aggregate  
          Research on the usage of waste construction materials is very important because material waste is gradually increasing with the increase in population and increase in urban development. Recycled aggregate is easy to obtain and costs cheaper than virgin aggregate. Virgin aggregate needs to be mined but recycled aggregate can be easily obtained.

3.4.1 Source of Demolished Concrete Aggregate

In the present investigation, old concrete from boys hostel(under renovation) in DTU were used for preparation of demolished aggregate
3.4.2 Preparation of Aggregate from Demolished Concrete

The Recycled or Demolished concrete obtained from demolition of the buildings is bound to have variety of foreign matter like finishes cladding materials dirt steel hardware wood plastics etc. which are attached directly or indirectly to the concrete. These are impurities and hence need to be removed to obtain the final foreign material free aggregate. In the present investigation the recycled aggregates were produced by crushing of old concrete from boys hostel(under renovation) in DTU  by manually up to desired size. The crushed products were then sieved and recombined to obtain the required grading.
3.4.3 Mixing and Compaction    

The component materials were weighed on the weighing machine. The mixing was done manually. Cement fine aggregate and coarse aggregate were thoroughly mixed in dry condition to get the homogeneous mix. Water was then added slowly to get a uniform mix. The mixing time was in the range of 4-5 minutes for all the mixes. Cast iron moulds were used for casting specimens. The specimens were cast according to IS: 516-1959. The compaction was done by vibrating the moulds for about 2 minutes using the table vibrator. Excess material was struck off using a rod. Top surface was given smooth finish using suitable floats and trowel. The concrete specimens were removed from the moulds after 24 hours. Specimens were kept in clean and fresh water for curing in water tanks and cured till testing. The cubes were tested at the age of 3, 7,14,&28 days.

3.5 Properties of Fresh Concrete (Workability)  

A number of different methods are available for measuring the workability of fresh concrete, but none of them is wholly satisfactory. Each test measure only a particular aspect of it and there is really no method which measures the workability of concrete in its totality. However by checking and controlling the uniformity of the workability it is easier to ensure a uniform quality of concrete and hence uniform strength for a particular job. In the present work following tests were performed to find workability.

a) The Slump Test

b) The Compaction Factor Test  

The values obtained from above tests have been given in table 3.8.

Table 3.8 Properties of Fresh Concrete
	S.No
	Mix
	W/C
	Aggregate
	Slump Value (mm)
	Compaction Factor Value

	1.
	1:1.87:3.24
	0.45
	NCA
	85
	0.92

	2.
	1:1.87:3.24
	0.45
	RCA
	72
	0.85

	3.
	1:1.59:2.89
	0.39
	NCA
	65
	0.82

	4.
	1:1.59:2.89
	0.39
	RCA
	57
	0.78

	5.
	1:1.41:2.41
	0.34
	NCA
	54
	0.79

	6.
	1:1.41:2.41
	0.34
	RCA
	45
	0.72


3.6 Testing Procedure and experimental setup
            After the specified period of curing the specimens were taken out of the curing tank and their surfaces were wiped off. The various tests were performed as described below.

1. Compressive Strength of cubes at 3, 7, 14 & 28 days.

2. Split Tensile Strength of cylinders at 3,7,14, & 28 days.

3. Bond Strength (by Pull-out test) of cylinders at 14,& 28 days.
3.7.1 Compressive Strength

The specimens were tested at the age of 3, 7, 14  and 28 days. The cubes were tested on compression testing machine after drying at room temperature according to IS 516- 1959. The load was applied continuously without impacts and uniformly @140N/cm²/minute. Load was continued until the specimen failed and maximum load carried by the specimen was recorded. The cube compressive strength was obtained by considering the average of three specimens at each age.
[image: image5.jpg]



Fig.3.1 Compression testing machine at D.C.E
3.7.2 Split Tensile Strength

The splitting tests are well known indirect tests used for determining the tensile strength of concrete. The test consists of applying a compressive line load along the opposite generators of a concrete cylinder placed with its axis horizontal between the compressive plates.due to the compression loading a fairly uniform tensile stress is developed over nearly 2/3 of loaded diameter as obtained from an elastic analysis. The magnitude of this tensile stress σsp (acting in a perpendicular to the line of action of applied loading) is given by the formula(IS : 5816-1970) :               

                           σsp = 2P/πdl

[image: image6.jpg]



Fig. 3.2Tensile testing of cylinder in CTM in D.C.E
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Fig.3.3 Specimen fail in tension (vertical crack is appeared)
3.7.3 Bond Strength by Pull-Out Test

The pull-out test specimen consists of a bar embedded in a concrete  block. The load is applied at the free end of the bar and is resisted by the resistance to withdrawal of  the steel embedded in the block.


Two cylinders specimens of 150mm diameter and 300mm in height with 8mm diameter bar embedded in the  length of 250mm of the cylinder at the centre were casted. The pull-out test specimens were tested after  14 & 28 days of wet-curing on universal test machine, using pull-out test attachment. The curve between bond strength and compressive strength was plotted.
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Fig3.4 Universal testing machine in N.I.T Kurukshetra
3.7 Summary 
In the above experimental program, the various properties of recycled aggregate concrete and natural aggregate concrete such as workability (slupm, compaction factor), compressive strength, split tensile strength and  bond strength are determined for the period of 3, 7,14,& 28 days, and results were obtained. The average values of all the test specimens were taken.

CHAPTER-4
RESULTS AND DISCUSSION OF RESULTS
4.1 General

                    The results of compressive strength, split tensile strength, bond strength, carbonation test and the workability of concrete mixes are given in Tables 4.1 to 4.8 and in Figures 4.1 to 4.19. These results are discussed in the following sections as under.

4.2      Variation of Compressive Strength with Age
Table 4.1 Compressive Strength at different ages (mix 1:1.87:3.24) 

	S.No
	Mix
	W/C
	Age (Days)
	Compressive Strength (MPa)

	
	
	
	
	NCA
	RCA
	%reduction

	1.
	1:1.87:3.24
	0.45
	3
	22.97
	18.23
	20.60

	2.
	1:1.87:3.24
	0.45
	7
	26.80
	22.20
	17.20

	3.
	1:1.87:3.24
	0.45
	14
	29.50
	24.12
	18.23

	4.
	1:1.87:3.24
	0.45
	28
	34.00
	27.40
	20.00
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                                                  Shows NCA &                       Shows  RCA 

Fig.4.1 variation of compressive strength with age (mix 1:1.87:3.24)
Table 4.2 Compressive Strength at different age of mix (1:1.59:2.75)

	S.No
	Mix
	W/C
	Age (Days)
	Compressive Strength (MPa)

	
	
	
	
	NCA
	RCA
	%reduction

	1.
	1:1.59:2.75
	0.39
	3
	24.5
	21.83
	10.90

	2.
	1:1.59:2.75
	0.39
	7
	29.00
	24.21
	16.50

	3.
	1:1.59:2.75
	0.39
	14
	31.64
	25.90
	18.00

	4.
	1:1.59:2.75
	0.39
	28
	37.18
	30.64
	17.30
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                                              Shows NCA &                         Shows  RCA 

Fig.4.2 variation of compressive strength with age (mix 1:1.59:2.75)
Table 4.3 Compressive Strength at different age (mix 1:1.41.:2.41) 

	S.No
	Mix
	W/C
	Age (Days)
	Compressive Strength (MPa)

	
	
	
	
	NCA
	RCA
	%reduction

	1.
	1:1.41.:2.41
	0.34
	3
	28.24
	23.30
	17.50

	2.
	1:1.59:2.75
	0.34
	7
	31.42
	26.40
	16.00

	3.
	1:1.59:2.75
	0.34
	14
	34.8
	27.35
	21.40

	4.
	1:1.59:2.75
	0.34
	28
	41.20
	34.50
	16.2
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                                              Shows NCA &                           Shows  RCA 

Fig.4.3 variation of compressive strength with age (mix 1:1.41.:2.41)
[image: image12.png]N
B RCA
w %reduction

w o

10

(CANHIONTILS TAISS TIIINO D





Fig.4.4 variation of compressive strength of different mix at 3 days
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Fig.4.5 variation of compressive strength of different mix at 7 days
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Fig.4.6 variation of compressive strength of different mix at 14 days
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Fig.4.7 variation of compressive strength of different mix at 28 days

Discussion 


                     Compressive Strength of mix 1:1.87:3.24 at 28 days with W/C=0.45 was observed as 34.00 MPa with NCA=100% + RCA =0%  and 27.70 MPa with NCA = 0% + RCA=100% respectively. Experimental results at the ages of 3, 7,14,& 28 days are given in Table 4.1 and Fig 4.1 and 4.3.

Compressive Strength of mix 1:1.59:2.75 at 28 days with W/C=0.39 was observed as 37.18 MPa with NCA = 100% + RCA = 0%  and  30.60 MPa  with NCA = 0% + RCA = 100% Respectively. Experimental results at the ages of 3, 7,14,& 28 days are given in Table 4.2 and Fig 4.2 and 4.3.

                          Compressive Strength of mix 1:1.41:2.41 at 28 days with W/C=0.34 was observed as 41.20 MPa with NCA = 100% + RCA = 0%  and  34.56 MPa  with NCA = 0% + RCA = 100% Respectively. Experimental results at the ages of 3, 7,14,& 28 days are given in Table 4.2 and Fig 4.2 and 4.3

4.3 Variation of Tensile Strength with age
Table 4.4 Tensile strength at different ages of mix (1:1.87:3.24) 
	S.No
	Mix
	W/C
	Age (Days)
	Tensile Strength ( MPa)

	
	
	
	
	NCA
	RCA
	% reduction

	1.
	1:1.87:3.24
	0.45
	3
	1.23
	.86
	30.00

	2.
	1:1.87:3.24
	0.45
	7
	-
	-
	-

	3.
	1:1.87:3.24
	0.45
	14
	2.44
	1.86
	23.70

	4.
	1:1.87:3.24
	0.45
	28
	3.04
	2.1
	30.10
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                                               Shows NCA &                           Shows  RCA 

                 Fig. 4.8 variation of tensile strength with age(mix1:1.87:3.24)
Table 4.5 Split Tensile strength at different ages of mix (1:1.59:2.75)
	S.No
	Mix
	W/C
	Age (Days)
	Tensile Strength ( MPa)

	
	
	
	
	NCA
	RCA
	% reduction

	1.
	1:1.59:2.75
	0.39
	3
	1.33
	1.08
	18.80

	2.
	1:1.59:2.75
	0.39
	7
	-
	-
	-

	3.
	1:1.59:2.75
	0.39
	14
	2.46
	2.10
	18.70

	4.
	1:1.59:2.75
	0.39
	28
	3.51
	2.62
	25.40
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                                               Shows NCA &                          Shows  RCA 

                 Fig. 4.9 variation of tensile strength with age (mix 1:1.59:2.75 )

Table 4.6 Split Tensile Strength at different ages of mix (1:1.41:2.41)
	S.No
	Mix
	W/C
	Age (Days)
	Tensile Strength ( MPa)

	
	
	
	
	NCA
	RCA
	% reduction

	1.
	1:1.41:2.41
	0.34
	3
	1.41
	1.16
	17.70

	2.
	1:1.41:2.41
	0.34
	7
	-
	-
	-

	3.
	1:1.41:2.41
	0.34
	14
	2.48
	2.03
	18.10

	4.
	1:1.41:2.41
	0.34
	28
	3.83
	2.91
	23.90
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                                              Shows NCA &                           Shows  RCA 

                 Fig. 4.10 variation of tensile strength with age (mix1:1.41:2.41)
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Fig.4.11 variation of tensile strength of different mix at 3 days
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Fig.4.12 variation of tensile strength of different mix at 14 days
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Fig.4.13 variation of tensile strength of different mix at 28 days

Discussion
                 Tensile Strength of mix 1:1.87:3.24 at 28 days with W/C = .45 was observed as 3.04  MPa with NCA=100% + RCA = 0%  and 2.1 MPa with NCA= 0% + RCA=100% respectively. Experimental results at the ages of 3, 14 and 28 days are given in Table 4.5 and Fig.4.5 and 4.7.
                     Tensile Strength of mix 1:1.59:2.75 at 28 days with W/C = .39 was observed as 3.51  MPa with NCA=100% + RCA = 0%  and 2.62 MPa with NCA= 0% + RCA=100% respectively. Experimental results at the ages of 3, 14 and 28 days are given in Table 4.5 and Fig.4.5 and 4.7.

                      Tensile Strength of mix 1:1.41:2.41  at 28 days with W/C = .34 was observed as 3.82 MPa with NCA=100% + RCA = 0% and 2.91 MPa with NCA= 0% + RCA=100% respectively. Experimental results at the ages of 3, 14 and 28 days are given in Table 4.5 and Fig.4.5 and 4.7.
4.4 Variation of Bond Strength with age

Table 4.7 Bond strength at different age of mix  (1:1.87:3.24)
	S.No.
	Mix
	W/C
	Age

(Days)
	Bond Strength ( MPa)

	
	
	
	
	NCA
	RCA
	%Reduction

	1.
	1:1.87:3.24
	0.45
	3
	-
	-
	-

	2.
	1:1.87:3.24
	0.45
	7
	-
	-
	-

	3.
	1:1.87:3.24
	0.45
	14
	1.6
	1.67
	- 4.0

	4.
	1:1.87:3.24
	0.45
	28
	2.6
	2.1
	 19.20
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                                               Shows NCA &                          Shows  RCA 

                 Fig. 4.14 variation of bond strength with age(mix1:1.87:3.24)

Table 4.8  Bond strength at different age of mix (1:1.59:2.75)
	S.No.
	Mix
	W/C
	Age

(Days)
	Bond Strength ( MPa)

	
	
	
	
	NCA
	RCA
	%Reduction

	1.
	1:1.59:2.75
	0.39
	3
	-
	-
	-

	2.
	1:1.59:2.75
	0.39
	7
	-
	-
	-

	3.
	1:1.59:2.75
	0.39
	14
	2.0
	1.7
	15.0

	4.
	1:1.59:2.75
	0.39
	28
	2.8
	2.3
	 17.85
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                                               Shows NCA &                          Shows  RCA 

                 Fig. 4.15  variation of bond strength with age(mix1:1.59:2.75)

Table 4.9  Variation of Bond Strength at different age of mix (1:1.41:2.41  )
	S.No.
	Mix
	W/C
	Age

(Days)
	Bond Strength ( MPa)

	
	
	
	
	NCA
	RCA
	%Reduction

	1.
	1:1.41:2.41  
	0.34
	3
	-
	-
	-

	2.
	1:1.41:2.41  
	0.34
	7
	-
	-
	-

	3.
	1:1.41:2.41  
	0.34
	14
	2.3
	1.9
	17.40

	4.
	1:1.41:2.41  
	0.34
	28
	3.1
	2.6
	 16.20
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                                               Shows NCA &                           Shows  RCA 

                 Fig. 4.16 variation of bond strength with age(mix1:1.41:2.41)
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4.17 variation of bond strength of different mix at 14 days
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4.18 variation of bond strength of different mix at 28 days

Discussion
                 Bond  Strength of mix 1:1.87:3.24 at 28 days with W/C = .45 was observed as 2.6  MPa with NCA=100% + RCA = 0%  and 2.1 MPa with NCA= 0% + RCA=100% respectively. Experimental results at the ages of  14 and 28 days are given in Table 4.5 and Fig.4.5 and 4.7.

                     Bond Strength of mix 1:1.59:2.75 at 28 days with W/C = .39 was observed as 2.8  MPa with NCA=100% + RCA = 0%  and 2.3 MPa with NCA= 0% + RCA=100% respectively. Experimental results at the ages of 3, 14 and 28 days are given in Table 4.5 and Fig.4.5 and 4.7.

                      Tensile Strength of mix 1:1.41:2.41  at 28 days with W/C = .34 was observed as 3.1 MPa with NCA=100% + RCA = 0% and 2.6 MPa with NCA= 0% + RCA=100% respectively. Experimental results at the ages of 14 and 28 days are given in Table 4.5 and Fig.4.5 and 4.7.


The bond strength of recycled aggregate is less than that of natural aggregate concrete at various ages because recycled aggregate absorbs more water and has low sp. In  25% cases steel reaches its yields stress and the grip between steel and concrete not  fails up to yielding point other 75 % cases load is consider  at 2mm displacement 
CHAPTER-5

CONCLUSIONS AND SCOPE FOR FURTHER STUDY
5.1 Conclusion

Research on the usage of waste construction materials is very important because material waste is gradually increasing with the increase in population and increase in urban development. Recycled aggregate is easy to obtain and costs cheaper than virgin aggregate. Virgin aggregate needs to be mined but recycled aggregate can be easily obtained. The aim of present work is to determine the strength characteristics of recycled aggregate such as bond strength for potential application in the high concrete structural concrete. The study shows that when the water/cement ratio was decreased the bond strength increased. This is classified as medium strength concrete and they can be applied in the infrastructures which need compressive strength up to 30MPa. Recycled aggregate is cheaper in comparison to natural aggregate. So, the builders can carry out the construction task with lesser material costs. It was observed in this work that reduction in W/C ratio in recycled aggregates mixes improved tensile strength and compressive strength. Recycled aggregate can be applied in structures, but lesser water content in the cause lower workability. Whenever recycled aggregate is applied, water content in the concrete mix has to be monitored carefully as the water absorption capacity of recycled aggregate varies.

Following conclusions have been drawn based on the observations and discussion of test results:
1. The compressive strength of NAC mixes is relatively higher than RAC mixes. The compressive strength of  mix 1:1.87:3.24 of recycle coarse aggregate with  W/C=0.45 at 28 days decreases by 18% to 20% w.r.t. natural coarse aggregate . In the same way the compressive strength decreases by 18% and 20% for  RAC replacement percentage of mix 1:1.59:2.75 and W/C=0.39 at 28 days and 14% to 16% decreased in case of mix 1:1.41:2.41 with W/C=0.34 at 28 days. The above result show that % reduction in compressive strength decrease with decrease in W/C ratio decrease. 
2. The tensile strength of RAC mixes is relatively lower than that of NAC mixes. The difference in tensile strength varies with cement aggregate (C/A) ratio. The difference in tensile strength increases with decrease with cement aggregate (C/A) ratio i.e. for rich mixes. The tensile strength between the recycled aggregate concrete and the plain concrete decreases by 30%  for RCA concrete mix 1:1.87:3.24 W/C=0.45 at 28 days. Similarly in  case of RCA concrete mix 1:1.59:2.75 with W/C=0.39  & 1:1.41:2.41 with W/C=0.34 tensile strength decreased by 25.4% & 23.8% respectively.
3. The bond strength of RAC mixes is relatively lower than that of NAC mixes. The difference in bond strength varies with cement aggregate (C/A) ratio. The difference in bond strength increases with decrease in the cement aggregate (C/A) ratio i.e. for rich mixes. The bond strength between the recycled aggregate concrete and the plain concrete decreases by 19.20%  for RCA concrete mix 1:1.87:3.24 W/C=0.45 at 28 days. Similarly in case of RCA concrete mix 1:1.59:2.75 with W/C=0.39 & 1:1.41:2.41 with W/C=0.34 bond strength decreased by 17.80% & 16.20% respectively.
4. Decrease in compressive strength, tensile strength, & bond strength due to weak interfacial transition zones between cement paste and aggregate, porosity and transverse cracks within demolished concrete.
5. RCA posses relatively lower bulk density specific gravity and high water absorption as compared to NCA. This is mainly due to the porous mortar adhering to recycled concrete aggregate.

6. It is advisable to carry out trial castings with recycled concrete aggregate proposed to be used  in order to arrive at the water content and its proportion to suit the workability levels and strength requirements respectively.

7. In  pull-out  test in 25% cases steel reaches its yields stress and the grip between steel and concrete not  fails up to yielding point & in other 75 % cases sample fail below yielding of steel.
8. Economical and environmental pressures justify consideration of this alternative material source i.c. aggregate from demolished concrete in place where there is non-availability of virgin aggregate of available sources of new rocks are inaccessible either because of high land values or zoning constraints. It can be said that it is a creative and environment friendly solution to use demolished concrete as aggregate.
9. It is found that recycling of concrete has many benefit  rather than dumping or burying it in a landfill. The trouble with concrete debris is that it can't be compacted, and it doesn't decompose, and in fact it makes up 40 per cent of all landfill. Keeping concrete debris out of landfills saves space and the use of recycled material as gravel reduces the need for gravel mining.  As those who generate the concrete waste pay a fee to have it recycled, the use of recycled concrete as a construction material is of viable economic benefit to the wider community.
10. Sub-base gravel is laid down as the lowest layer in the road with fresh concrete or asphalt poured over it. Crushed recycled concrete can be also used as dry aggregate for brand new concrete if it’s free of contaminants.

Table 5.1 Comparison of  property of  different mix

	Property


	I.S. Specification
	Trial mixes
(Using recycle coarse aggregate)

	
	M20
	M25
	1:1.87:3.24
	1:1.59:2.75
	1:1.41:2.41

	Compressive strength             
(Target mean strength)
              (MPa)
	26.6
	33.25
	27.00
	30.64
	34.5

	Bond Strength (MPa)
	1.92
	2.24
	2.10
	2.30
	2.60

	Tensile strength (MPa)
	3.13
	2.10
	2.10
	2.62
	2.91


In case of concrete we are mostly concerned with compressive strength and bond     strength of concrete. Tensile strength of concrete is not of much concern because in R.C.C structure tensile strength of concrete is assume to be zero. All tensile strength is assume to be taken by steel. If tensile strength is neglected then mix 1:1.87:3.24 & 1:1.57:2.75 with recycle aggregate   can be used as M20 mix. And mix 1:1.41:2.41 with recycle aggregate used as M25.
5.2 Scope for Further Study 

The strength characteristics of recycled aggregate concrete can be further studied by taking in to account the following  parameters:

1. Instead of using deformed steel bars mild steel bars can also be used.

2. Using rusted (deformed of mild steel ) bars in place of non rusted steel bars.

3. Using fibre concrete in place of plain concrete.

4. Using different diameter of bars such as 12mm, 16mm etc for calculating bond strength using pull-out test.

5. Using different grades of cement i.e.33 and 53 grade.

6. With different type and grading of sand.

7. Varying the mix proportion and water cement ratio.

8. By using the fine aggregate also as a recycled concrete aggregate.

9. Effect on property of recycled aggregate concrete by using  Fly ash, Silica fume and other  admixture.
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APPENDIX-I
Mix proportioning for a concrete of M30 grade                   as per IS 10262:2009
Design Procedure 

Characteristics strength at 28 days


30Mpa

Maximum nominal size of the aggregate

20 mm

Type of aggregate




Angular (crushed) granite

Degree of workability




Medium (0.9 CF or 75-100 mmslump) 

Degree of quality control



Good 
Degree of exposure




Moderate

Chemical admixture used                                  superplasticizer (fairflow s modified high

                                                                          water reducing addmixture)                     
Data on material
Cement used





Ordinary Portland cement of Grade-43

Specific gravity




3.25
Fine aggregate





Natural river sand conforming to zone II.

Specific gravity




2.62
Water absorption (%)




14.3

Fineness modulus




3.86

Coarse aggregate




10mm

20mm

Specific gravity




2.64

2.67
Water absorption (%)




0.5

0.3
Fineness modulus




6.20

6.99

CA:20 and 10mm mixed in the ratio 60:40

Mix design
 Pick the Standard deviation, SD=5
Target mean strength(Ft)=


            Ft = fck +k x S




      = 30+ (1.65)x(5)

                            Ft = 38.25Mpa

Water cement ratio
From table-5 of IS456:2000 max. water- cement ratio =0.45
Adopt water cement- ratio = 0.39 < 0.45, hence ok 
Water content
 From table no. 2 of  IS 10262:2009 max.  water

 Content  for 20mm aggregate                                        =186 ltr. (25mm to 50mm slump range)
Estimate water content for 100mm slump                      =186+(6/100)x186=197ltr.

As superplasticizer is used water content can be reduced up 20% and above

Based on trial superplasticizer can reduce the water content up to 15% .

Hence arrived water content                                         = 0.85x197=167ltr.   

Cement  content

water cement- ratio                        = 0.45
cement content                            = 167/0.39=428kg.>320kg minimum cement content as per     table 5 of IS456                                                            
Volume of coarse aggregate
From table-3 of IS10262:2009 for nominal size of 20mm & fine sand of zone-II
 for W/C ratio 0.50=0.62
In present case W/C ratio is 0.45. there for volume of coarse aggregate is needed to increase to decrease fine aggregate. As w/c ratio is decreased by 0.05, the  proportion of volume of aggregate is increased by 0.01.
The corrected value proportion of volume of coarse aggregate = 0.63

Volume of fine aggregate                                        = 1.0 -0.63=0.37

Mix calculation
Mix calculation per unit volume of concrete as follows
a). Volume of concrete                                           = 1m3
b). Volume of cement                                            =428/3.25 x1/1000=0.131m3
c).Volume of water content                                    =167/1 x 1/1000=0.167

d).Volume of admixture  (1% of wt. of cement)      =4.28/1.25 x 1/1000=0.0034

e).Volume of all in aggregate                                  = {a-(b+c+d)}

                                                                                 1-(0.131+0.167+0.0034)=0.698
f).Mass of coarse aggregate        =e x volume of coarse agg. x sp. Gravity of coarse agg.x1000
                                                =0.698x0.63x2.67x1000=1178kg
g).Mass of fine aggregate        =   e x volume of fine  agg. x sp. Gravity of fine  agg.x1000 

                                                                 = 0.698x.37x2.62x1000=679kg        
Finally, Keeping in view the workability properties, the W/C was increased to 0.44 from 0.38

Mix


W/C

Cement

FA

CA            Admix.
M-30


 .39

     1


1.59

2.75              0.01
65

