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CHAPTER 1

INTRODUCTION

1.1 General

Light Weight Concrete (LWC) has become a potential concrete technology in modern day engineering works. Since light weight concrete (LWC) has a comparative advantage in structural application as it reduces the self-weight along with the dimensions of the load-bearing members (i.e. beams, columns, foundations) of a structure over the conventional concrete, the technology has earned its probable demand in the field of next generation construction. To make the concrete lighter, different procedures can be followed among which the most common approach is to replace the conventional coarse aggregate (i.e. stone chips, brick chips) with relatively lighter aggregate i.e., Polypropylene (PP); Polyethylene Terephthalate (PET); High Density Plastic (HDP) etc.

HDP has added a significant scope to replace the conventional coarse aggregates. It is nothing but the raw materials used for manufacturing different plastic products like bucket, jar, toys, technological apparatus etc. But after its usage, the discarded material most often put out for the trash, which later impacts adversely on the environment since it is not biologically degradable. Besides, conventional use of brick chips as coarse aggregate for the construction works requires a large amount of bricks that gives rise to more brick-kilns which in fact deteriorating  the environment by emitting high concentration carbon-dioxide (CO2), carbon monoxide (CO), oxides of sulphur (SOx) and particulate matters, while melting plastic costs a low emission . Thus using HDP after recycling in concrete in a larger scale promotes a greater opportunity for sustainable waste management ensuring better environment.  

In this study, Polypropylene (PP) has been used as the replacement for the conventional coarse aggregate. Thus for doing so, recycled PP’s are melted and then cooled within molds to produce Polypropylene coarse aggregate (PCA). Then PP’s can be melted and shredded simultaneously in order to have a rough surface for stronger bonding between aggregates and binding materials which is imperative for obtaining desired compressive strength.


1.2 Literature review:

Sim et al. (2013) conducted research on Effect of Aggregate and Specimen Sizes on Lightweight Concrete. At their research, artificially expanded clay granules were used as the lightweight aggregates. Locally available natural sand with a maximum size of 5 mm was also mixed as a normal-weight fine aggregate in the Sand Light Weight Concrete (SLWC) batches. The lightweight aggregates were spherical in shape and had a closed surface with a slightly smooth texture and porous structure. The water absorption of lightweight aggregates was excessively high, whereas their specific gravity was more than 1.6 times lower than that of natural sand. 
Panyakapo et al. (2008) investigated the reuse of thermosetting plastic waste for lightweight concrete. Their research demonstrated the utilization of thermosetting plastic as an admixture in the mix proportion of lightweight concrete. Plastic, sand, aluminum powder, and lignite fly ash has been used as their design research components.  In their study, melamine which is a widely used type of thermosetting plastic has been selected for application in the mixed design of concrete. It is anticipated that the presence of plastic waste may affect the compressive strength of concrete. To improve the strength, fly ash was added in addition to fine sand. The ratio of cement, sand, fly ash, and plastic, represented as 1.0:0.8:0.3:0.9, is an appropriate mix proportion. The results of compressive strength and dry density are 4.14 N/mm2 and 1395 kg/m3, respectively. This type of concrete meets most of the requirements for non-load-bearing lightweight concrete according to ASTM C129 Type II standard. In this study, the process of producing aerated concrete employed the chemical reaction by using alkaline metal. Aluminum powder was selected as an agent to produce hydrogen gas in the cement paste. 

A different type of research was conducted by Sisman et al (2011). They tried to find out effects of organic waste (rice husk) on the concrete properties for farm buildings. The organic waste used in lightweight concrete is mainly of plant origin and includes rice husk (RH), straw, sawdust, cork granules, wheat husk, coconut fiber and coconut shell. Concrete with a dosage of 300 was produced by adding various amounts of rice husk into the normal aggregate (5, 10, 15, 20, 25 and 30%). The compressive strength and unit weight of the samples were determined after 7 and 28 days, and the water absorption rate, freezing-thawing resistance and thermal conductivity were determined after 28 days. According to the experimental results, the compressive strengths and unit weights of the concrete ranged between 17.6 and 37.5 MPa and between 1797 and 2268 kg/m3, respectively. All concrete produced were resistant to freezing. The concrete water absorption rates were below 5.5%.

Effects of waste PET bottles aggregate on the properties of concrete was investigated by Choi et al. (2004). They performed experiments on Waste PET Lightweight Aggregate (WPLA) manufactured from waste PET bottles; Korean normal Portland cement (C) and the Granulated Blast-Furnace Slag (GBFS) were used as cementitious materials. The fine aggregates are clean river sands (RS) and lightweight aggregates (WPLA) made from waste PET bottles. Compressive strength of concrete, where WPLA were used by replacing 25%, 50% and 75% by volume of fine aggregate in concrete mixture, were 33.8 MPa, 31.8 MPa and 24.1 MPa respectively with a water-cement ratio of 0.45. Their experimentation was based on light weight aggregates which are cut to the range of 5 to 15 mm and mixed with GBFS in a mixer where the temperature and rotation of the mixer was 250 ± 10 ˚C and 30-50 rpm. for 20 sec. These aggregates were used as partial replacement of fine aggregates in making concrete samples. They also reported that slump values of Waste PET Lightweight Aggregate Concrete (WPLAC) increased as the water–cement ratio and the replacement ratio increased. The improvement ratios of workability represented 52%, 104%, and 123% in comparison with that of normal concrete at the water cement ratio 45%, 49%, and 53%, respectively. This may be attributed to not only the spherical and smooth shape but also to the absorption capacity of WPLA. Choi et al. (2005) found that for a particular WLPA content the compressive strength increased with the decrease in water-cement ratio. For a water-cement ratio of 0.53 and 75% replacement of aggregate, the density of the sample was 2010 kg/m³ with the slump value of 22.3 cm. They also observed the decrease in splitting tensile strength with the increase of water-cement ratio and replacement ratio. In the case of structural efficiency, i.e. compressive strength over density ratio, its value also decreases with the increase of water-cement and replacement ratios. The structural efficiency of WPLAC with the replacement ratio of 75% was about 21% lower than that of control concrete at the same water–cement ratios, and the structural efficiency of WPLAC with a water–cement ratio of 53% was about 15% lower than that of control concrete at the same replacement ratio. This may be attributed to the influence of WPLA weight and matrix strength.

At a different research of Oyejobi et al. (2012), the effects of Palm Kernel Shells (PKS) sizes and their percentages in lightweight concrete has been demonstrated. A constant water-cement ratio of 0.38 was used for the two mixes. The batching of the mixes was by weight. Concrete mixes of 1:1½:3, 1:2:4, 1:3:6 and 1:4:8 were used to produce cubes, beams and cylinders which were cured for 7, 14 and 28 days before testing Palm Kernel Shells Concrete (PKSC) had density that was less than 2000 kg/m3 for a light weight concrete. The results showed that concrete mix of 1:1½:3 with compressive strength of 20.1 N/mm2 at 28 days hydration period met the British Standard recommended minimum strength of 15 N/mm2 for structural lightweight concrete while other concrete mixes did not. The nominal mix of 1:1.5:3 at 28 days curing gave compressive strength of 20 N/mm2. The British Code CP 110: 1972 lays the minimum strength of concrete for reinforced concrete with light weight aggregate as 15 MPa and 20 MPa for the one with normal aggregate, with mix ratio of 1:1.5:3. Which satisfied the conditions of being classified as light weight aggregate based on its density and compressive strength. The other Samples can be used for plain concrete because the minimum strength in those cases was 7 MPa. From the observations, it has been obvious that concrete made with nominal mixes of 1:3:6 and 1:4:8 generally gave poor results.

Naik et al. (1996) determined the effect of post-consumer waste High Density Polyethylene (HDPE) plastic in concrete as a soft filler in the range of 0-5% of total mixture by weight. High-density polyethylene (HDPE) plastic has been used in their study as a flexible particulate filler (reinforcement) in concrete. The material passing through 3/8 in. sieve and retained on #4 sieve was used in this investigation. The HDPE plastics were shredded into irregular shaped flat particles of varying size from 4.7 to 9.5 mm. with the average thickness of 1 mm. The plastic particles were subjected to three chemical treatments, namely water, bleach and bleach with sodium hydroxide (NaOH), to improve their bonding with cementitious matrix in concrete. From the experiment results from Naik et al. (1996), the compressive strength decreases with the increase of HDPE plastics in concrete particularly above 0.5% plastic addition. Among the three treatment used, the highest compressive strength was obtained from alkaline bleach treatment containing bleach plus NaOH (5% HOCl and 4% NaOH). Some plastic samples were subjected to water pretreatment in order to separate impurities (non plastic particles) from plastic particles. This treatment also caused dissolution of detergent and surfactant from polymer surfaces. Again, among all concrete mixtures containing 4.5% post-consumer plastics showed lower compressive strength than other mixtures. For 2% replacement of plastic aggregate treated in alkaline bleach at 28 days the compressive strength was around 15.2 MPa.

In a similar research Frigione (2010) substituted the fine aggregates of concrete by 5% of the weight of total fine aggregate (natural sand) used with an equal weight of PET aggregates manufactured from the Waste un-washed PET bottles (WPET). He used waste PET bottles, un-washed and not separated PET on the basis of the color. The waste PET bottles were grinded to the size of 0.1–5 mm. In this research the compressive strength was determined to be 40.7 MPa with a water-cement ratio of 0.55 whereas the reference concrete (without plastic aggregates) has the compressive strength of 41.5 MPa. The water-cement ratio of the concrete has an influence on the workability. According to Frigione (2010) it was found that the WPET concretes display similar workability characteristics; compressive strength and splitting tensile strength slightly lower that the reference concrete containing no plastic and a moderately higher ductility. Irrelevant differences in compressive strength was observed at 28 days and 1 year between reference concretes and mixes containing WPET at low water-cement ratio of 0.45; the differences become a little significant by increasing the water-cement ratio up to 0.55. It is likely that, due to the bleeding, by increasing the water-cement ratio, the interface between WPET and the hydrated cement Portland presents a higher porosity, also as a consequence of the flat shape of the WPET pieces.

The influence of polypropylene (PP) fibers has been studied in different proportioning and fiber length to improve the performance characteristics of the lightweight cement composites was conducted by Bagherzadeh et al. (2012).  In their study, fibers used in two different lengths (6 mm and 12 mm) and fiber proportions (0.15% and 0.35%) by cement weight in the mixture design. Compared to unreinforced LWC, polypropylene (PP) reinforced LWC with fiber proportioning 0.35% and 12 mm fiber length, caused 30.1% increase in the flexural strength and 27% increase in the splitting tensile strength. Increased fiber availability in the LWC matrix, in addition to the ability of longer PP fibers to bridge on the micro cracks, are suggested as the reasons for the enhancement in mechanical properties. For all specimens, water to cement ratio was 35% and amount of super plasticizer was 1% of cement by weight. To improve the mixing properties of fibers in concrete, a special surface treatment was used in the laboratory on the fibers which make the surface of fibers more bipolar in liquid solution. For fiber surface treatment, fibers incubated in 5% by total fibers weight of a commercial spin finish with bipolarity properties, mixed with antistatic and lubricant spinning oil for five minutes. A direct effect on compressive strength has been recorder with the increase in fiber content. The fiber length of 12 mm showed better performance compared to 6 mm. From the compressive test results, it could be clearly found that PP fibers have no significant effect on compressive strength of concrete at 7 days and 14 days of curing. However, at 28 days of curing the samples showed significant change in comparison with control specimen. Fiber reinforcement significantly increases the tensile strength of lightweight aggregate concrete. The higher tensile strength along with the higher flexural strength is believed to be effective in reducing shrinkage in lightweight aggregate concrete. 

In the study of Awang et al. (2013), the overall result came out as, polypropylene fiber has not much contribution in compressive strength. Only minor increment in compressive strength has been observed. The inclusion of fly ash was proven effective to overcome compressive strength reduction when fibers were added in the mix. 30% of fly ash was replaced by cement. 

The potential of recycled waste polymeric materials as a substitute for aggregates in concrete has been investigated by Rahman et al. (2012). The incorporation of waste polymer materials, especially Expanded polystyrene (EPS) based packaging materials to the concrete makes the material very light weight. Modification with EPS showed lighter unit weight than that of HDPE and tire modified concrete. The result shows that the inclusion of waste polymer materials decreases compressive strength, density, porosity and water absorption properties. Due to exceptionally less density, recycled polymer modified concrete can be used in non-load bearing structures, floating structures and where lightweight materials recommended. Thus, EPS based concrete can respond to the many needs of current and future construction works where lightweight materials are recommended. Due to having some exclusive properties such as sound and heat insulation, energy efficiency of waste polymer materials, concrete/poly blocks modified with waste polymer possesses remarkable potential to be utilized as construction materials in Bangladesh. In addition, inclusion of waste polymer also decreases water absorption and porosity of the concretes. Compressive strength of the materials also decreases with the waste polymer content due to lower strength of EPS.

Now a day, PET wastages are of in great significance since burning of this material is increasing the threat towards environment. So what Choi et al.(2009) did was they introduced waste PET light weight aggregate (WPLA) as fine aggregate .The key materials in this study were cement, sand, waste PET bottles, crushed stone and an Air Entrainment Water Reducing Agent (AEWRA). The cement used was Portland cement (PC). The fine aggregate was made up of clean river sand (RS) and the lightweight aggregate prepared from WPLA. The coarse aggregate was crushed stone with a maximum size of 20 mm, with a density of 2690 kg/m3 and bulk density of 1589 g/cm3. A typical air entrainment water reducing agent (AEWRA) was used in this experiment with a density and pH of 1.2 ± 0.02 g/cm3 and 7.0 ± 1.0, respectively. For the determination of suitable WPLA mixture proportions, the mortar mix was designed with a fixed PC content of 540 g, cement-to-aggregate ratio of 1:2.44, and water-to-cement ratio of 0.60. The proportion of lightweight aggregates was then set at five different levels: 0%, 25%, 50%, 75% and 100%.Three series of concrete mixtures were used with water-to-cement ratio of 0.45, 0.49 and 0.53. Compressive strength was tested at 3, 7 and 28 days. Finally after the tests it’s been revealed that, amount of water absorption by unit area was higher than for the control mortar (without WPLA) when the WPLA content was either 40% or 60%. The slump of the WPLA concrete increased as the WPLA content increased regardless of the water-cement ratio (W/C). In comparison to the control concrete, the 28-day WPLA concrete compressive strength decreased by 5%, 15% and 30%,with an increase of WPLA content of 25%, 50% and 75%, respectively. In addition, for a W/C of 0.49, the structural efficiency (compressive strength/density ratio) of the concrete containing 25% of WPLA was higher than that for the control concrete.

In a different experiment Albano et al. (2009) studied the mechanical behavior of concrete with recycled Polyethylene Terephthalate (PET), varying the water/cement ratio (0.50 and 0.60), PET content (10 and 20 vol. %) and the particle size along with the influence of the thermal degradation of PET in the concrete, when the blends were exposed to different temperatures (2000C, 4000C, 6000C). The materials used in their study were Portland cement, fine aggregate (river sand), coarse aggregate (crushed stone) and light-weight aggregate (recycled PET). PET-filled concrete, when volume proportion and particle size of PET increased, showed a decrease in compressive strength, splitting tensile strength, modulus of elasticity and ultrasonic pulse velocity; however, the water absorption increased. For both w/c ratios, the blends with 10% of PET of small or 50/50 mix particle sizes present the best mechanical properties when compared to the blends with greater content or bigger particle size. Moreover, the blends with 20% of PET (big particle size) for both w/c ratios present the lower compressive strength. On the other hand, the flexural strength of concrete-PET when exposed to a heat source was strongly dependent on the temperature, water/cement ratio, as well as on the PET content and particle size. When it’s in 2000C no noticeable changes were observed, while at 4000C and 6000C  the derivative process of the PET gives place to the formation of gas products that originate holes in the slabs of the blends, thus decreasing the flexural strength Moreover, the activation energy was affected by the temperature, PET particles location on the slabs and water/cement ratio. The use of lightweight aggregate (LWA) in concrete represents many positive aspects. The low-density of concrete induced by the lightweight aggregates enables to reduce dead load of structures, footings sizes and dimensions of columns, slabs and beams. It results in larger space availability in buildings. 

Fraj et al. (2010) conducted a research using coarse part of the PUR-foam aggregates, ranging between 8 and 20 mm. The lightweight aggregates (LWA) incorporated in concrete were coarse particles (8-20 mm) of PUR foam waste. It should be noted that PUR foam is a very compressible material compared to the other concrete components (cement, water, sand and gravels); its density can thus vary according to the pressure exerted. Three cubic rigid PUR foam specimens were tested on a Zwick 50 KN universal testing machine at 20 0C, and the values obtained were averaged. The specimen dimensions were 50 mm * 50 mm * 50 mm and the speed of crosshead movement was 5 mm/minute. Four lightweight aggregate concretes (LWAC-1; LWAC-1sat; LWAC-2sat and LWAC-3sat), incorporating PUR-foam aggregates, and a normal weight concrete (NWC), as control material, were prepared. 34%, 35% and 45% replacement of coarse aggregate with PUR-foam with w/c ratio of .55 and .45 was used. At 28 days, the compressive strength of the lightweight concretes decreased from 57% to 78% compared to the control concrete. NWC, LWAC-1, LWAC-1sat, LWAC-2sat, LWAC-3sat got compressive strength of 38, 16, 10,13,8 MPa. The feasibility of making lightweight aggregate concrete with PUR foam waste has been proved. These concretes showed a good workability, which was improved when using pre wetted PUR-foam aggregates.

Marzouk et al. (2006) describes an innovative use of consumed plastic bottle waste as sand-substitution aggregate within composite materials. Bottles made of polyethylene terephthalate (PET) have been used as partial and complete substitutes for sand in concrete composites. Granular waste particles were introduced in the mortar mixture by substitution of the sand volume both partially and fully. The PET-free material has been taken as reference material. A volumetric percentage of sand was then replaced by the same volumetric percentage of recycled aggregates; the following percentages were tested: 2%, 5%, 10%, 15%, 20%, 30%, 50% 70% and 100%. Sand/cement (S/C) and water/ cement (W/C) ratios, has enabled determining the following ratios: S/C = 2.8 and W/C = 0.5, which correspond to the optimal compressive and flexural strengths. This material features an apparent bulk density equal to 2000 kg/m3 and develops flexural and compressive strengths of 9.45 MPa and 56.23 MPa, respectively. It is evident from the test that, when the rate of substituted aggregate exceeds 50%, the mechanical properties of the composites fall strongly. The results presented show that substituting sand at a level below 50% by volume with granulated PET, whose upper granular limit equals 5 mm, affects neither the compressive strength nor the flexural strength of composites. 

Ismail and Al-Hashmi (2008) used plastic waste materials to substitute the fine aggregates in concrete composites. Type I Portland cement was mixed with the aggregates to produce the concrete composites. Natural sand was used as fine aggregate and natural crushed stone aggregate as coarse aggregate. They demonstrated the results of their research and concluded that as the compressive strength, the flexural strength, the dry density, the fresh density   values of all waste plastic concrete mixtures tend to decrease below the values for the reference concrete mixtures with increasing the waste plastic ratio by 10%,15%,20% at all curing ages. This may be attributed to the decrease in the adhesive strength between the surface of the waste plastic and cement paste. In addition, waste plastic is hydrophobic material. A concrete mixture made of 20% waste plastic has the lowest flexural strength at 28 days curing age, viz. 30.5% below the value of the reference concrete mixture. At 28 days curing age, the lowest dry density (2223.7 kg/m3) exceeds the range of the dry density of structural lightweight concrete. The fresh density values of waste plastic concrete mixtures tend to decrease by 5%, 7%, and 8.7% for 10%, 15%, and 20% substitution, respectively. 


1.3 Observations from literature review:
1. Resultant compressive strength from different research shows that higher replacement of plastic as coarse aggregate results in lower compressive strength.
2. Significant reduction in compressive strength upon the use of water cement ratio over 0.5.
3. Proper bonding among the materials depends on the degree of roughness of plastic aggregate.
4. Incorporation of plastic may have significant provisions for usage as structural element while it has already showed its suitability for non-structural members.
5. Provision for using in structures where resistance against sound and heat insulation is necessary.
1.4 Objectives:
1.	To study the suitability of Polypropylene (PP) in concrete as a partial replacement of coarse aggregate.
2.	To study the properties of concrete, like compressive strength, density, moisture content and workability of using plastic coarse aggregate (PCA) as Polypropylene (PP).
3.	To explore the scope of introducing concrete having a higher strength.
4.	To figure a way out from the accumulated plastic garbage in our cities & thus provide an effective way of waste management.
5.	To determine the possibility of using Polypropylene (PP) in concrete for load bearing structures.


1.5 Scope of work
1. Executing experiments using different replacement of coarse aggregate and w/c ratios.
2. Examining the density properties of lightweight concrete 
3. Establish effective relationships among w/c ratios, replacement and compressive strength.
4. Comparative analysis between plastic incorporated concrete and conventional concrete.


1.6 Organization of the Thesis 
In this thesis work, the contents has been arranged in a gradual manner according to their place of suitability and importance. The chapter one has been introduced with a general introduction, which follows an extensive literature review emphasizing on the previous experimental attempts and the corresponding outcomes.
A precise observation has been made later on & the objectives along with the scope of this work has been stated. In chapter two, the methodologies adopted for different experimental procedure for the fine & coarse aggregate such as determining specific gravity, slump test, process of casting & curing, compressive strength test, tensile splitting test, density measurement process, mix design & finally the general failure pattern of concrete has been discussed. In chapter three, the overall selected materials for this research work has been discussed elaborately including the physical properties of fine & coarse aggregate. Besides, other chemical & typical properties of Poly Propylene & binding material has been showcased. In chapter four, the results of this research work have been enlisted in different segments such as workability, density, compressive strength, tensile strength, failure pattern & therefore the proper reasonings have been made.
Finally, in chapter five, the net outcome of this research work has been demonstrated as conclusions & a series of recommendations have been made within the provisions of future work.


























CHAPTER 2

METHODOLOGY

2.1 Introduction
In order to prosecute the research work, some experiments have been done to analyze the outcome. The goals were to inspect the characteristic properties of the materials used and to examine the compressive strength and failure pattern of the sample cylinder. Thus the experimental procedure includes Specific Gravity test, Water absorption test, Slump test, Casting and Curing, Density measurement, Compressive strength test and Tensile splitting strength test.

2.2 Specific Gravity

Specific Gravity is the ratio of the weight of a given volume of aggregate to the weight of an equal volume of water. In Portland Cement Concrete the specific gravity of the aggregate is used in calculating the percentage of voids and the solid volume of aggregates in computations of yield. The absorption is important in determining the net water-cement ratio in the concrete mix. The standard coarse aggregate specific gravity and absorption test is ASTM C127 and ASTM C128 for Specific Gravity and Absorption of Coarse Aggregate and Fine Aggregate respectively. 
The specific gravity test measures aggregate’s weight under three different sample conditions: 

1.  Bulk Specific Gravity (also known as Bulk Dry Specific Gravity): The ratio of the weight in air of a unit volume of aggregate at a stated temperature to the weight in air of an equal volume of gas-free distilled water at the stated temperature.

2.  Bulk saturated surface dry (SSD) Specific Gravity: The condition in which the aggregate has been soaked in water and has absorbed water into its pore spaces. The excess, free surface moisture has been removed so that the particles are still saturated, but the surface of the particle is essentially dry.

3.  Apparent Specific Gravity: The ratio of the weight in air of a unit volume of the impermeable portion of aggregate (does not include the permeable pores in aggregate) to the weight in air of an equal volume of gas-free distilled water at the stated temperature.


Formula: 

Bulk specific Gravity (Oven Dry), Sd:

Here, 
A=weight of oven dry test sample in air, g 
B=weight of saturated surface dry test sample in air, g 
C=weight of saturated test sample in water, g 
Bulk specific Gravity (saturated surface dry) SS:
                       


Apparent specific gravity, Sa:
                                   


Water absorption:	
                                                   




2.2.1 Basic Procedure for coarse aggregate
At first a constant weight of the sieved materials is taken and dried at a temperature of 110±5 in oven. The weight of the sample is taken again after 24 hours of drying. A bucket containing the sample is drowned in water and weight of drowned sample is taken. Then the surface dry weight of the sample is taken. By using formulas mentioned above, the Bulk specific Gravity (Oven Dry) from Eqn.  2.1, Bulk specific Gravity (saturated surface dry) from Eqn. 2.2, apparent specific gravity from Eqn. 2.3 and water absorption capacity from Eqn. 2.4 are determined. 

2.2.2 Basic procedure for fine aggregate 
The sieved sample of aggregates is thoroughly washed to remove finer particles and dust, drained  and  then  placed  in  the  wire  basket  and  immersed  in  distilled  water  at  a temperature between 22 and 32 degree Celsius. The weight of the sample is taken first before placing it under water. After that the basket and sample are immersed under water for a period of 24  ½ hrs. Then the basket and aggregates are removed from the water, allowed to drain for a few minutes, after which the aggregates are gently emptied from the basket on to one of the dry clothes and gently surface-dried with the cloth. Afterwards the samples are transferred to a second dry cloth when the first would remove no further moisture. The aggregates are spread on the second cloth and exposed to the atmosphere away from direct sunlight till it appears to be completely surface-dry. The aggregates are then weighed. Lastly the aggregates are placed in an oven at a temperature of 100 0C to 110 0C for 24 hrs. The samples are then removed from the oven, cooled and weighed. From the aforementioned formulas the desired properties for fine aggregates are determined.


2.3 Slump test

Slump test is an empirical test which measures the consistency of fresh concrete. More precisely, it measures the consistency of the concrete of a specific batch.  This test is performed to check the consistency of freshly made concrete. Consistency is a term very closely related to workability. It is a term which describes the state of fresh concrete. It is used to indicate the degree of wetness. It is used, indirectly, as a means of checking that the correct amount of water has been added to the mix. The test is carried out using a mold known as a slump cone or Abrams cone. The slump cone has a height of 12-in., a bottom diameter of 8-in. and an upper diameter of 4-in. The steel slump cone is placed on a solid, impermeable, level base and filled with the fresh concrete in three equal layers. Each layer is rodded 25 times to ensure proper compaction. The third layer is finished off level with the top of the cone. The cone is carefully lifted up, leaving a heap of concrete that settles or ‘slumps’ slightly. The upturned slump cone is placed on the base to act as a reference, and the difference in level between its top and the top of the concrete is measured and recorded to give the slump of the concrete to the nearest 5 mm if the slump is <100 mm and measured to the nearest 10 mm if the slump is >100 mm. When the cone is removed, the slump may take one of three forms. In a true slump the concrete simply subsides, keeping more or less to shape. In a shear slump the top portion of the concrete shears off and slips sideways. In collapse slump the concrete collapses completely. Only a true slump is of any use in the test. If a shear or collapse slump is achieved, a fresh sample should be taken and the test should be repeated. A collapse slump will generally mean that the mix is too wet or that it is a high workability mix.

2.4 Casting and Curing

Non absorptive, metal cylinder molds are placed on a level, rigid horizontal surface, free of vibration and other disturbance. 6” x 12” cylinder molds are used for casting fresh concrete. Grease is applied at the joints of the molds, so that water doesn’t leak and mobile is applied in the inner portion of the mold so that hardened concrete can be easily removed from the mold without any damage. Concrete is placed in the mold using a scoop, blunted trowel, or shovel. The molds are filled up with concrete in three layers. In each layer 25 blows are given with a tampering rod. Proper curing is a must for achieving desired strength. Top is covered with non-absorptive, non-reactive plate or placed in an impervious plastic bag to prevent loss of moisture. At this time moist curing is done. Concrete is removed from the molds at the end of 24 hours of approximate moist curing. Ponding method of the samples is selected as curing method for the concrete specimens. After 24 hours of casting, all the cylinders are kept under water for 28 days at controlled temperature. Generally the compressive strength of concrete differs according to the age (i.e. 14, 21 & 28 days). For this thesis 28 days of curing are considered as standard. 
2.5 Compressive strength test

After 28 days of casting of concrete, the compressive strength test is performed. After the curing of the sample concrete, compressive strength test is done. To ensure uniformity in loading, with a grinding machine the samples are grinded on the top and bottom surface in order to have a smoother surface at first. Then the samples are entered into Universal Testing Machine (UTM). The two surfaces of each cylinder are kept in touch with the levers of the machine. Then the loads are applied unless the cylinder reaches its ultimate limit of taking the compression loads. The loads acted upon it are displayed in two units (psi and MPa) with the duration of the loads acted upon failure. Thus the compressive strength of the cylinders is obtained. 
The Structural lightweight concretes have densities ranging from 1360 to 1920 kg/m3 (85 to 120 lb/ft3) and minimum compressive strengths of 17.0 MPa (2500 psi). On the other hand, Low-density concretes, whose density seldom exceeds 800 kg/m3 (50 lb/ft3), are used chiefly as insulation.  While their thermal insulation values are high, their compressive strengths are low, ranging from approximately 0.7 to 7.0 MPa (100 to 1000 psi) (ACI Education Bulletin E1-07).         

2.6 Tensile Splitting Strength Test

After 28 days of casting concrete a standard test cylinder is placed horizontally between the loading surfaces of Universal Testing Machine (UTM). The compression load is applied diametrically and uniformly along the length of cylinder until the failure of the cylinder along the vertical diameter. To allow the uniform distribution of this applied load and to reduce the magnitude of high compressive stresses near the point of application of this load, strips of plywood are placed between the specimen and loading platens of the testing machine. Concrete cylinders split into two halves along this vertical plan due to indirect tensile stress generated by poison’s effect. The splitting tensile strength of the specimen is calculated as follows:

Where:
T = splitting tensile strength, psi [MPa],
P = maximum applied load indicated by the testing machine, lbf [N],
l = length, in. [mm], and
d=diameter, in.[mm]. 

2.7 Density measurements of aggregate    

2.7.1 Basic Procedure for fine aggregate
A mold is selected having a diameter of 6.2’’ and height of 5.7’’. The sample of fine aggregate is then placed in it filling 1/3 of the mold. The sample is then put for tamping with a tamping rod having a dia. of 16mm, falling from over 2’.After 20-25 blows another 1/3 is filled up. Then the same procedure continues. Then the last 1/3 is filled up. The same procedure continues for each case. After all these, weight of the mold and sample is taken and the weight of the mold itself is subtracted from it, thus the weight (G-T) of the fine aggregate in compacted state is obtained. Finally, after obtaining the value of sample’s weight and the volume of the mold (v), the unit weight is achieved from the prescribed formula mentioned above.
For the loose state, no tamping is done. So, here the procedure is just to fill the mold up with the sample. Then taking its weight, the weight of the mold is subtracted. That’s the weight of the fine aggregate (m), which should be put in the prescribed formula mentioned above in order to determine the unit weight of the fine aggregate in loose state.



2.7.2 Basic Procedure for coarse aggregate:
For coarse aggregate, the mold used for this test has a diameter of 9’’ and height of 12’’.The rest of the procedure is all the same as before. The sample of coarse aggregate is then placed in it filling 1/3 of the mold. The sample is then put for tamping with a tamping rod having a dia. of 16mm, falling from over 2’.After 20-25 blows another 1/3 is filled up. Then the same procedure continues. Then the last 1/3 is filled up. The same procedure continues for each case. After all these, weight of the mold and sample is taken and the weight of the mold itself is subtracted from it, thus the weight (m) of the coarse aggregate in compacted state is obtained. Finally, after obtaining the value of sample’s weight and the volume of the mold (v), the unit weight is achieved from the prescribed formula mentioned above.
For the loose state, just like before no tamping is done. So, again here the procedure is just to fill the mold up with the sample. Then taking its weight, the weight of the mold is subtracted. That’s the weight of the coarse aggregate (m), which should be put in the prescribed formula mentioned above in order to determine the unit weight of the coarse aggregate in loose state. For both the cases, only compacted state has been taken into account as per ASTM standard. 
  
2.8 Mix Design 

Three selected water-cement ratio. W/C ratio of 0.42, 0.48 and 0.57 has been selected to observe the performance of low to high water containing concrete mixture. The selected mix proportion is 1:1.5:3 (Cement: Fine aggregate: Coarse aggregate) by volume. The resultant mix proportions of all the mixes by weight are tabulated in the Table 2.1. 













Table 2. 1 Mix design of concrete
	Designation
	w/c
ratio
	Water
(kg)
	Cement
(kg)
	Sand
(kg)
	Brick Chips
(kg)
	PCA
(kg)

	WC42R0
	.42
	5.479

	13.045

	15.406
	24.714
	0

	WC42R10
	
	
	
	
	22.243
	1.053

	WC42R20
	
	
	
	
	19.771
	2.106

	WC42R30
	
	
	
	
	17.300
	3.159

	WC48R0
	.48
	6.093
	12.694
	14.991
	24.049
	0

	WC48R10
	
	
	
	
	21.644
	1.025

	WC48R20
	
	
	
	
	19.239
	2.049

	WC48R30
	
	
	
	
	16.834
	3.074

	WC57R0
	.57
	6.955
	12.202
	14.410
	23.116
	0

	WC57R10
	
	
	
	
	20.804
	0.985

	WC57R20
	
	
	
	
	18.493
	1.970

	WC57R30
	
	
	
	
	16.181
	2.955



2.8 Failure pattern of concrete
According to ASTM C 39-03, “Standard Test Method for Compressive Strength of Cylinder Concrete Specimens,” shows five different types of fractures




			
                                                                                                                    


Cone (a)                     Cone and split (b)         Cone and shear (c)                  Shear (d)
    	                          




                                                               Columnar (e)	
Figure 2.1 Failure pattern of concrete cylinder

The cone failure results when friction at the platens of the testing machine restrains lateral expansion of the concrete as the vertical compressive is applied (a). The cone and split is the combination of cone and splitting of the concrete specimen (b). The cone and shear results according to the combination of both cone and shear failure of a concrete specimen (c). The shear failure occurs in the concrete specimen and failure occurs in the weak shearing zone (d). The columnar failure occurs vertical to the length of the specimens (e). 

ASTM's "Manual of Aggregate and Concrete Testing," included in Vol. 04.02 of Annual Book of ASTM Standards, states that the conical fracture is typical. In cases where the compressive strength is lower than anticipated, the manual suggests that fracture type may help in determining the cause.

Usually, the cone, cone-and-split, and cone-shear are fairly typical fracture types for normal concretes. Concretes with high sand contents may fail in the shear mode. In normal-strength concretes, columnar splitting often indicates a testing problem. The splitting may be caused by the presence of a lubricant on the cylinder cap, which reduces friction between the testing machine platen and the ends. This reduces the lateral confining pressure that's usually present, and thus reduces the apparent strength. Columnar splitting and a lower apparent strength can also be caused by a cap that's convex rather than plane.
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CHAPTER 3

MATERIALS FOR CONCRETE

3.1 General 
Various materials are used to cast concrete. The materials are chosen based on the application and purpose of the concrete. For the preparation of concrete mixture coarse aggregate, fine aggregate and binding material is the main ingredient. Stone or brick chips are widely used as coarse aggregate; while sand is used as fine aggregate, and cement is the first choice for binding material. 
The materials used, vary in properties and their function in the mixture. With the advancement of concrete technology along with conventional materials use of alternative materials and plasticizers are getting positive attention both in research and practical purposes Codes and various standards are available for the selection and collection of these materials to prepare the desired concrete mixture. 
To prepare special concrete such as Light weight concrete, high strength concrete, green concrete etc. some alternative materials are used. For coarse aggregate (i.e. rubber, plastic, glass etc.), fine aggregate (i.e. rice husk, saw dust, blast furnace slag etc.), binding material (i.e. fly ash) are some commonly used alternatives. Sometimes polymers and plasticizers are used along with alternatives to achieve desired concrete properties. 
In concrete construction, self-weight represents a very large proportion of the total load on the structure and there are clearly considerable advantages in reducing the density of the concrete. The chief of these are the use of smaller sections and corresponding reduction in the size of the foundation. Furthermore, with lighter concrete the frame work need to withstand a lower pressure than would be the case with ordinary concrete and also the total weight of materials to be handled is reduced with a consequent increase in productivity. Lightweight concrete also gives better thermal insulation than ordinary concrete. To achieve these favorable properties selection of proper material is of great importance. In this thesis work we intended to achieve lightweight-high strength concrete using locally produced brick chips as coarse aggregate, Sylhet sand as fine aggregate, Portland composite cement as binding material and PP as partial replacement of coarse aggregate. 

3.2 Binding Material

In this study, Portland Composite Cement was used as binding material. Its strength class was  42.5 N. It contained 80 - 94% clinker, 6-20% lime stone, fly ash, blast furnace slag and 0-5% Gypsum. Chemical Composition of the used binding material (CEM ІІ / B-M conforming to ASTM C 595 Specification of Portland Composite Cement) is presented in Table 3.1.

                                          Table 3.1 Chemical Composition of binding material

	Chemical Composition
	Unit
	Test result

	Calcium Oxide (CaO)
	(%)
	51.63

	Silicon dioxide(SiO2)
	(%)
	23.79

	Aluminium Oxide(Al2O3)
	(%)
	8.36

	Ferric Oxide(Fe2O3)
	(%)
	3.41

	Sulfur trioxide(SO3)
	(%)
	2.24

	Magnesium Oxide(MgO)
	(%)
	1.67

	Loss of Ignition(LOI)
	(%)
	3.17

	Insoluble Residue(IR)
	(%)
	17.30



Some tests have been performed to determine the physical properties of the used cement, showed in Table 3.2. Specific gravity, normal consistency, initial setting time and final setting time of the cement was determined according to ASTM specifications, which are ASTM 188, ASTM C187, ASTM C191 and ASTM C150 respectively.
                                      






                                         Table 3.2 Properties of binding material 


	Sl. No.
	Characteristics
	Value

	01.
	Normal consistency
	30mm

	02.
	Specific gravity
	3.15

	03.
	Initial setting time
	87mins

	04.
	Final setting time
	10hrs



3.3 Coarse aggregates 

As coarse aggregate Polypropyline(PP) was used, which was derived from waste plastic along with brick chips. The PP was  used to partially replace the brick chips as coarse aggregate in various proportions.

3.3.1 Brick aggregates 

The brick used in experimental purpose was obtained from local brick fields. The size of the aggregates generally depends on the nature of the work. Locally collected bricks were crushed and the maximum size of aggregates was 25 mm. The aggregates were washed to remove dust and dart. The aggregates were dried until the surface dry condition was obtained. The aggregates were tested according to ASTM C127 standard to obtain its physical properties. The results for various tests are given in Table 3.3 used for the sieve analysis of aggregates. FM calculation of brick chips; Unit weight and absorption capacity of brick chips; Specific gravity of brick chips; Fineness modulus of coarse aggregate (Brick chips) are presented in Table 3.4; Table 3.5; Table 3.6; Figure 3.1 respectively.
 



Table 3.3 Properties of coarse aggregate (Brick)

	Sl. No.
	Characteristics
	Characteristics

	01.
	Type
	Crushed

	02.
	Maximum size
	25mm

	03.
	Specific gravity
	2.045

	04.
	Water absorption
	20.56%

	05.
	Fineness modulus
	2.54

	06.
	Unit weight
	980.295 kg/m3



                                       
Table 3.4 FM calculation of brick chips

	Sieve no
	Mass retained (gm)
	% Retained
	Cumulative %
retained
	Cumulative %
passing

	19 mm
	560
	7
	7
	93

	9.5 mm
	4000
	50
	57
	47

	4.75 mm
	2640
	33
	90
	10

	2.36 mm
	800
	10
	100
	0

	1.18 mm
	0
	0
	100
	0

	600 µm
	0
	0
	100
	0

	300 µm
	0
	0
	100
	0

	150 µm
	0
	0
	100
	0

	
	
	∑
	654
	

	F.M =
	6.54







Table 3.5 Unit weight and absorption capacity of brick chips

	
	Test
	Wt of
mold


T (kg)
	Wt of mold
+
Sample

G (kg)
	Volume
of mold


V (m3)
	Unit weight
(OD condition)

M (kg/m3)
	Avg.
Unit weight
(OD condition)
M (kg/m3)
	Absorption
capacity


A (%)
	Unit Weight
(SSD condition)

MSSD (kg/m3)

	Rodding
	1
	4.187
	16.348
	0.0124
	980.7258
	980.2957
	20.56
	1181.8837

	
	2
	4.187
	16.34
	0.0124
	980.0806
	
	
	

	
	3
	4.187
	16.34
	0.0124
	980.0806
	
	
	




Table 3.6 Specific gravity of brick chips

	Test No
	SSD Wt.
of FA


S (g)
	Oven dry 
Wt. of 
FA 

A (g)

	Wt. of 
Pycnometer + Water
 
B (g)
	WT of Pycnometer
+Water+Sample
C (g)
	Bulk Sp.
Gravity

(SSD)
	Avg.
Bulk Sp.
Gravity
(SSD)
	Bulk Sp.
Gravity

(OD)
	Avg.
Bulk Sp.
Gravity
(OD)
	Apparent
Sp.
 Gravity
	Avg
App. Sp.
Gravity
	% of
Absorption
	Avg.
% of
Absorption

	1
	601.7
	5000
	6027.6
	2998.3
	1.989
	1.989
	1.641
	1.6499
	2.4979
	2.4972
	20.55
	20.564

	2
	601.7
	5000
	6029
	2998
	1.989
	
	1.649
	
	2.4975
	
	20.58
	

	3
	601.7
	5000
	6028
	2997
	1.988
	
	1.649
	
	2.4963
	
	20.56
	


















3.3.2 Plastic aggregates 
Polypropylene (PP), also known as polypropene, is a thermoplastic polymer used in a wide variety of applications including packaging and labeling, textiles (e.g., ropes, thermal underwear and carpets), stationery, plastic parts and reusable containers of various types, laboratory equipment, loudspeakers, automotive components, and polymer banknotes. An addition polymer made from the monomer propylene, it is rugged and unusually resistant to many chemical solvents, bases and acids.  
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Figure 3.2: Lightweight coarse aggregate (Polypropyline)
A major advantage of PP is its higher temperature resistance which makes it particularly suitable for items such as trays, funnels, pails, bottles, carboys and instrument jars that have to be sterilized frequently for use in a clinical environment. Melting Point of PP is 338°F or 170°C. Polypropylene is a translucent material with excellent mechanical properties. It has excellent resistance (no attack) to diluted and concentrated acids, alcohols, bases and mineral oils; good resistance (minor attack) to aldehydes, esters, aliphatic hydrocarbons, ketones and vegetable oils; limited resistance (moderate attack and suitable for short term use only) to aromatic and halogenated hydrocarbons and oxidizing Agents. Typical properties of PP are presented in Table 3.7.
                              
Table 3.7 Typical properties of PP

	ASTM standard
	Property
	Value

	D792
	Specific gravity
	0.89-0.91

	D570
	Water absorption (%)
	0.03

	D638
	Tensile strength (psi)
	4,000-5,500

	D638
	Elongation at break (%)
	200-500

	D638
	Tensile modulus (psi)
	13,000-18,000

	D790
	Flexural modulus (psi)
	13,000-20,000

	D256
	Impact strength, Izod (ft-lb/in of notch)
	1.1-14

	D785
	Hardness, Rockwell R
	65-96

	C177
	Thermal conductivity
(10-4 cal-cm/sec-cm2-°C)
	3.5-4.0




The used Plastic coarse aggregate (PCA) was collected from a local manufacturer. The aggregates were produced from waste plastic. The PCA aggregates were shredded with a local-made cutter machine and sieved through a standard set of sieve and aggregates having size less than 25mm were selected. The sieved aggregates were mixed together according to the Fineness modulus selected by following ASTM C33 standard. Tests were performed according to ASTM C128 standard to get the properties of PCA which are tabulated in Table 3.8. FM calculation of PP; Unit weight and absorption capacity of PP; Specific gravity of PP  are represented in Table 3.9; Table 3.10; Table 3.11 respectively. Figure 3.3 shows the graphical presentation of fineness modulus of PCA.
Table 2.8 Properties of PCA

	Sl. No.
	Characteristics
	Value

	01.
	Value
	Crushed

	02.
	Maximum size
	25mm

	03.
	Specific gravity
	0.8452

	04.
	Water absorption
	0.7476%

	05.
	Fineness modulus
	2.4

	06.
	Unit weight
	506.451kg/m3




Table 2.9 FM calculation of PP

	Sieve no
	Mass retained (gm)
	% Retained
	Cumulative %
retained
	Cumulative %
Passing

	19 mm
	1000
	5
	5
	95

	9.5 mm
	9000
	45
	50
	50

	4.75 mm
	7000
	35
	85
	15

	2.36 mm
	3000
	15
	100
	0

	1.18 mm
	0
	0
	100
	0

	600 µm
	0
	0
	100
	0

	300 µm
	0
	0
	100
	0

	150 µm
	0
	0
	100
	0

	
	
	∑
	640
	

	
	
	F.M =
	6.40
	




Table 2.10 Unit weight and absorption capacity of PP

	
	Test
	Wt. of
mold


T (kg)
	Wt. of mold
+
Sample

G (kg)
	Volume
of mold


V (m3)
	Unit weight
(OD condition)
M (kg/m3)
	Avg.
Unit weight
(OD condition)
M (kg/m3)
	Absorption
capacity


A (%)
	Unit Weight
(SSD condition)


MSSD (kg/m3)

	Rodding
	1
	4.187
	10.466
	0.0124
	506.371
	506.4516
	0.7477
	510.2381

	
	2
	4.187
	10.468
	0.0124
	506.5323
	
	
	

	
	3
	4.187
	10.467
	0.0124
	506.4516
	
	
	




Table 2.11 Specific gravity of PP

	Test No
	SSD Wt.
of FA


S (g)
	Oven dry 
Wt. of 
FA 

A (g)

	Wt. of 
Pycnometer + Water
 
B (g)
	WT of Pycnometer
+Water+Sample
C (g)
	Bulk Sp.
Gravity

(SSD)
	Avg.
Bulk Sp.
Gravity
(SSD)
	Bulk Sp.
Gravity

(OD)
	Avg.
Bulk Sp.
Gravity
(OD)
	Apparent
Sp.
 Gravity
	Avg
App. Sp.
Gravity
	% of
Absorption
	Avg.
% of
Absorption

	1
	836.1
	2388.7
	2407
	-430.6
	.848
	.8476
	.841
	.8413
	.847
	.847
	0.766
	0.7477

	2
	836.1
	2389
	2407
	-436.1
	.846
	
	.840
	
	.845
	
	0.753
	

	3
	836.1
	2390
	2408
	-432.1
	.847
	
	.841
	
	.846
	
	0.724
	



`

















3.4 Fine Aggregate 

In the experiment Sylhet sand was used. The sand was first sieved through 4.75mm sieve to eliminate particles greater than 4.75mm. Then it was washed to remove the dust. The sand was sieved through a standard set of sieve to determine the Fineness modulus and tests were performed according to ASTM C128 standard to get its various properties. The properties obtained are tabulated in Table 3.12. Table 3.13; Table 3.14; Table 3.15 and Figure 3.4  represents FM calculation of Sylhet sand; Specific gravity and absorption capacity of Sylhet sand; Unit weight of Sylhet sand and Fineness modulus of of fine aggregate (Sylhet Sand) respectively.






Table 3.12 Properties of fine aggregate (Sylhet Sand)

	SI. No.
	Characteristics
	Value

	01.
	Type
	Uncrushed (Natural)

	02.
	Specific gravity
	2.39

	03.
	Water absorption
	8.9%

	04.
	Fineness modulus
	2.95

	05.
	Unit weight
	1632.3kg/m3



Table 3.13 FM calculation of Sylhet sand

	Sieve no
	Mass retained (gm)
	% Retained
	Cumulative %
retained
	Cumulative %
Passing

	4.75 mm
	0
	0
	0
	100

	2.36 mm
	0
	0
	0
	100

	1.18 mm
	2018.1
	21
	21
	79

	0.60 mm
	5615.12
	58.43
	79.43
	20.59

	0.30 mm
	1605.83
	16.71
	96.14
	3.86

	0.15 mm
	323.86
	3.31
	99.51
	0.49

	
	
	∑
	296
	

	
	
	F.M =
	2.96
	



.


Table 3.14 Specific gravity and absorption capacity of Sylhet sand

	Test No
	SSD Wt.
of FA


S (g)
	Oven dry 
Wt. of 
FA 

A (g)

	Wt. of 
Pycnometer + Water
 
B (g)
	WT of Pycnometer
+Water+Sample
C (g)
	Bulk Sp.
Gravity

(SSD)
	Avg.
Bulk Sp.
Gravity
(SSD)
	Bulk Sp.
Gravity

(OD)
	Avg.
Bulk Sp.
Gravity
(OD)
	Apparent
Sp.
 Gravity
	Avg
App. Sp.
Gravity
	% of
Absorption
	Avg.
% of
Absorption

	1
	545
	500
	2019
	2332.5
	2.354
	2.350
	2.159
	2.1583
	2.681
	2.6714
	9
	8.9

	2
	543
	500
	2019
	2331
	2.350
	
	2.164
	
	2.659
	
	8.6
	

	3
	545.5
	500
	2019
	2332
	2.346
	
	2.150
	
	2.673
	
	9.1
	




Table 3.15 Unit weight of Sylhet sand

	
	Test
	Wt. of
mold


T (kg)
	Wt. of mold
+
Sample

G (kg)
	Volume
of mold


V (m3)
	Unit weight
(OD condition)
M (kg/m3)
	Avg.
Unit weight
(OD condition)
M (kg/m3)
	Absorption
capacity


A (%)
	Unit Weight
(SSD condition)


MSSD (kg/m3)

	Rodding
	1
	1.667
	6.317
	0.00286
	1625.87
	1632.28
	8.9
	1777.55

	
	2
	1.667
	6.366
	0.00286
	1643
	
	
	

	
	3
	1.667
	6.323
	0.00286
	1627.97
	
	
	





                                            







 
3.5 Conclusion

In this chapter the selected materials for this research work has been discussed elaborately. These elaborate discussions include the physical properties of both the fine and coarse aggregate. Common properties such as specific gravity, fineness modulus, absorption capacity, and unit weight etc. have been discussed here. Besides, in case of PP and binding material, chemical properties and other typical properties were also mentioned.







CHAPTER 4

RESULTS AND DISCUSSION


4.1 General 

As per the objectives of this experimental work and methodologies adopted stated above, a number of experiments have been performed. The materials which have been used to perform the experiments, the detailed characteristics profile has been discussed in chapter three. Thus Data obtained from the experiments have been analyzed to measure the applicability of Polypropylene (PP) as an alternative lightweight aggregate in load bearing structures. A wide comparison between PP (as a coarse aggregate) with regular conventional concrete have been noted down through the light of our findings to determine the deviations from our objectives. 
This chapter puts emphasis on several parameters of Regular Concrete (RC) and Polypropylene coarse aggregate (PCA) concrete in different proportions. These parameters include density, w/c ratio, compressive strength, tensile strength and failure.


4.2 Workability


Workability is an important property for concrete mixture. Workability is mainly affected by water content in the mixture along with mix proportion, and size, shape and grading of the aggregates. The selected w/c ratio for the experiment gives us the opportunity to compare the workability for low to high water content in concrete. From Tables 4.1 it was noted that for all type of concrete workability increases with the increment of water in the mixture. Though higher w/c ratio provides greater workability it also shows a little tendency of “bleeding”, a particular form of segregation, during the casting of concrete. Due to bleeding certain amount of cement came to the surface along with water which is not desirable.

The shape of aggregate has great influence on good workability, where angular and flaky shaped aggregates make the concrete harsh in comparison to the rounded aggregates. The used brick aggregates were angular and flaky in shape while the used PCA were more rough and irreguler shaped. The rough texture of PCA gives it more surface area and but less voids than the brick aggregates. Due to this unique property of PCA water requirement was higher results in a poor workability of PCA concrete at 0.42 w/c ratio. 

The Slump values for regular concrete and lightweight concrete is tabulated in Table 4.3. The slump values increases with the rise in water cement ratio but decreases with the incorporation of PP. The values indicate lower workability for PCA concrete compared to RC. 


Table 4.1 Slump values for regular concrete and PP replaced concrete


	w/c ratio
	Coarse aggregate PP (%)
	Slump (cm)

	.42
	0
	0.5

	
	10
	0

	
	20
	0

	
	30
	0

	.48
	0
	1

	
	10
	0.7

	
	20
	0.5

	
	30
	0.5

	.57
	0
	5

	
	10
	4

	
	20
	4

	
	30
	3.5






4.3 Density 

The density of the samples was measured at both 27th day of curing(in SSD condition) and at the 28th day of curing(one day air dry after 27 days of curing) just before the compressive strength and tensile splitting strength test. The values obtained are shown in Table  4.1. The figure indicates a gradual reduction in density of PP replaced concrete compared to regular concrete. As the water cement ratio increases, the density for PP replaced concrete decreases while the density of regular concrete is highest at 0.48 w/c ratio. It has also been observed that the density of the concrete decreases with the increase of PP as Coarse Aggregate.   The reduction rate is the highest for 30% replacement of 0.42 water cement ratio. It is possible because the PCA has a low unit weight compared to regular CA (brick chips). 















 
From the compressive strength-density ratio vs w/c ratio graph, an increase in strength density ratio has been observed for each of the replacement of each w/c ratio.

























From the tensile strength-density ratio vs w/c ratio graph, an increase in strength density ratio has been observed for 20% replacement of each w/c ratio, while for 30% replacement the increase was for .42 & .48 w/c ratio & for 10% replacement the increase was for .48 & .57 w/c ratio.

4.4 Compressive strength

From the observation of compressive strength vs. w/c ratio chart we found an increase in compressive strength for partially replaced brick chips with plastic coarse aggregate (PCA), for each of the w/c ratio. In case of RC, with the increase of w/c ratio, there is reduction in compressive strength, while for PCA concrete, it is in increase for each replacement. For w/c ratio of 0.48 &0 .57, highest compressive strength has been obtained at 10% replacement, while for 0.42 w/c ratio, it was for 30% replacement
In case of RC, there was gradual decrease in compressive strength with the increase of w/c ratio. We were supposed to get the similar result for PCA concrete with higher compressive strength but  the pattern observed were slightly different which is .48 w/c ratio had the highest increase following the rest two w/c ratio of .57 & .42 respectively. The reason may be, for .42 w/c ratio, very low workability has been observed. Since it is recommended, to us electric vibrator for proper compaction, but manual compaction was done for this. 
From the literature review, the observations indicated the reduction of compressive strength with the replacement of brick chips with rubber, plastic, glass etc. but from our experiments, increasing compressive strength has been observed with replacements. The probable reason may be is, since the PP has rough texture, it added strength for better bondage between mortar and aggregates. The inter-face between the cement paste and aggregate known as  ‘Transition zone’ which’s integrity influences the compressive strength of concrete. Rough aggregate surface of brick chips develop strong bondage between the aggregate and the cement paste. That’s why we got higher compressive strength using PP compared to RC.  All the PCA contained cylinders in the experiment showed aggregate (brick chips) failure while PP tend to reduce aggregate failure.




















4.5 Tensile strength

An increase in tensile strength has been observed for 20% replacement for each of the w/c ratio & similarly a decrease for 30% replacement. For 10% replacement, in case of .48 & .57 w/c ratio, the strength increased while for .42 w/c ratio, it decreased.




	




















4.6 Failure pattern

In case of compressive strength test all the cylinder showed cone and shear failure while for tensile splitting strength test columnar failure has been observed. In both cases coarse aggregate (brick chips) failed not mortar failure.
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Figure 4.7 Failure pattern of RC and PCA concrete


4.7 Conclusion: 

From  the  experimental  results  it  is  seen  that  for  all  the  combinations  used  the  compressive  strength  satisfies  the  BNBC (Bangladesh  National  Building  Code)  specification of minimum load bearing strength (17 MPa) for concrete except RC.  In density reduction, the maximum reduction is seen for 0.42 w/c ratio with 30% replacement. From the test results it is also clearly understandable that the workability is significantly increased with the increment of water-cement ratio for both PCA concrete and RC. At 0.42 w/c ratio we achieved slump of 0 cm for PCA concrete which indicate poor workability. Again this rate is higher for RC concrete. The reduction in density of PCA concrete indicates that plastic can be used as an aggregate for lightweight concrete. 


CHAPTER 5

CONCLUSION AND RECOMMENDATIONS 


5.1 General 

The  present  experimental  work  deals  with  the  possibility  of  using  the  melted PP as a replacement of conventionally used coarse aggregates to obtain a light weight concrete mixture which can be used in load bearing structures. Various experiments have been performed and results have been analyzed to justify the possibility. Based on the obtained results and analyzed data the findings of the experimental work and recommendations are described in this chapter.


5.2 Summary and Conclusion 

The experimental results lead to the following conclusions: 
1.  The PCA can be used as an alternative for natural aggregates in concrete preparation. With the reduction in density, the minimum load bearing strength criteria has also been satisfied according to BNBC (Bangladesh National Building Code). 
2.  Although PCA concrete has lower unit weight but still they are above the range of ASTM specification of lightweight concrete. 
3. Compressive strength of PCA concrete has been obtained higher than that of the RC & brick chips failure has been observed which indicates higher strength of PCA from brick chips.
4.  Due to the shape and rough surface structure of the PCA the workability of concrete has 
been reduced greatly which can be improved by adding water reducing admixture. 

5.3 Recommendations 

Upon the light of this experimental work and findings, a broad area of improvements can be suggested. To achieve the specified density for lightweight concrete the selection and production of PCA can be modified. To achieve the desired strength and reduce the low workability some water reducing admixtures can be used. For proper compaction electric vibrator can be used instead of manual compaction. Replacement ratio of PP can be increased for better strength along with water reducing admixture. Since the aggregate failure (brick chips) has been observed while PP acted against the failure, so brick chips of better quality has to be selected. Again, to increase tensile strength different types of fibers can be used i.e. glass fibers, steel fibers, synthetic fibers, natural organic & mineral fibers etc.
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APPENDIX


Table Ι Unit weight of PCA concrete and RC

	SSD
	
	AIR DRY

	Sl no.
	Designation
	Weight(lb)
	Weight(kg)
	Wet Unit
Weight
(pcf) 
	Wet Unit
Weight
(kg/m3) 
	
	Sl no.
	Designation
	Weight(lb)
	Weight(kg)
	Wet Unit
Weight
(pcf) 
	Wet Unit
Weight
(kg/m3) 

	1
	WC42R10
	7.5366
	3.4186
	129.545
	2073.54
	
	1
	WC42R10
	7.5159
	3.4092
	129.189
	2067.84

	2
	WC42R10
	7.5444
	3.4221
	129.678
	2075.66
	
	2
	WC42R10
	7.5217
	3.4118
	129.287
	2069.42

	3
	WC42R10
	7.5172
	3.4098
	129.212
	2068.2
	
	3
	WC42R10
	7.4959
	3.4001
	128.844
	2062.32

	4
	WC42R10
	7.3971
	3.3553
	127.146
	2035.15
	
	4
	WC42R10
	7.3616
	3.3392
	126.536
	2025.38

	5
	WC42R10
	7.5045
	3.404
	128.992
	2064.69
	
	5
	WC42R10
	7.4853
	3.3953
	128.662
	2059.41

	6
	WC42R10
	7.5353
	3.418
	129.522
	2073.18
	
	6
	WC42R10
	7.5294
	3.4153
	129.42
	2071.54

	7
	WC42R20
	7.4784
	3.3922
	128.545
	2057.53
	
	7
	WC42R20
	7.4593
	3.3835
	128.215
	2052.25

	8
	WC42R20
	7.3508
	3.3343
	126.351
	2022.41
	
	8
	WC42R20
	7.3321
	3.3258
	126.029
	2017.25

	9
	WC42R20
	7.3347
	3.327
	126.074
	2017.98
	
	9
	WC42R20
	7.3105
	3.316
	125.657
	2011.31

	10
	WC42R20
	7.3876
	3.351
	126.983
	2032.54
	
	10
	WC42R20
	7.3680
	3.3421
	126.646
	2027.14

	11
	WC42R20
	7.3533
	3.33542
	126.393
	2023.09
	
	11
	WC42R20
	7.3742
	3.3449
	126.752
	2028.84

	12
	WC42R20
	7.4008
	3.357
	127.211
	2036.18
	
	12
	WC42R20
	7.3810
	3.348
	126.87
	2030.72

	13
	WC42R30
	7.2426
	3.2852
	124.49
	1992.63
	
	13
	WC42R30
	7.0556
	3.2004
	121.277
	1941.19

	14
	WC42R30
	7.2284
	3.2788
	124.247
	1988.75
	
	14
	WC42R30
	7.0397
	3.1932
	121.004
	1936.83

	15
	WC42R30
	7.2232
	3.2764
	124.157
	1987.29
	
	15
	WC42R30
	7.0294
	3.1885
	120.826
	1933.97

	16
	WC42R30
	7.1857
	3.2594
	123.512
	1976.98
	
	16
	WC42R30
	7.0142
	3.1816
	120.564
	1929.79

	17
	WC42R30
	7.2183
	3.2742
	124.073
	1985.96
	
	17
	WC42R30
	7.0254
	3.1867
	120.757
	1932.88

	18
	WC42R30
	7.0192
	3.1839
	120.651
	1931.18
	
	18
	WC42R30
	6.8193
	3.0932
	117.214
	1876.17

	19
	WC48R10
	7.4024
	3.3577
	127.237
	2036.6
	
	19
	WC48R10
	7.2007
	3.2662
	123.77
	1981.1

	20
	WC48R10
	7.4857
	3.3955
	128.67
	2059.53
	
	20
	WC48R10
	7.2511
	3.2891
	124.638
	1994.99

	21
	WC48R10
	7.3523
	3.335
	126.377
	2022.83
	
	21
	WC48R10
	7.1319
	3.235
	122.588
	1962.18

	22
	WC48R10
	7.4412
	3.3753
	127.904
	2047.28
	
	22
	WC48R10
	7.2412
	3.2846
	124.467
	1992.26

	23
	WC48R10
	7.5018
	3.4028
	128.946
	2063.96
	
	23
	WC48R10
	7.3215
	3.321
	125.847
	2014.34

	24
	WC48R10
	7.4200
	3.3657
	127.54
	2041.45
	
	24
	WC48R10
	7.2170
	3.2736
	124.05
	1985.59

	25
	WC48R20
	7.2708
	3.298
	124.975
	2000.39
	
	25
	WC48R20
	7.2523
	3.2896
	124.657
	1995.3

	26
	WC48R20
	7.2714
	3.2983
	124.986
	2000.57
	
	26
	WC48R20
	7.2520
	3.2895
	124.653
	1995.24

	27
	WC48R20
	7.2699
	3.2976
	124.96
	2000.15
	
	27
	WC48R20
	7.2505
	3.2888
	124.626
	1994.81

	28
	WC48R20
	7.3030
	3.3126
	125.528
	2009.25
	
	28
	WC48R20
	7.2836
	3.3038
	125.195
	2003.91

	29
	WC48R20
	7.3047
	3.3134
	125.559
	2009.73
	
	29
	WC48R20
	7.2851
	3.3045
	125.221
	2004.33

	30
	WC48R20
	7.3887
	3.3515
	127.002
	2032.84
	
	30
	WC48R20
	7.3508
	3.33428
	126.35
	2022.4

	31
	WC48R30
	7.1652
	3.2501
	123.16
	1971.34
	
	31
	WC48R30
	7.1451
	3.241
	122.815
	1965.82

	32
	WC48R30
	7.1486
	3.2426
	122.876
	1966.79
	
	32
	WC48R30
	7.1279
	3.2332
	122.52
	1961.09

	33
	WC48R30
	7.1288
	3.2336
	122.535
	1961.33
	
	33
	WC48R30
	7.1279
	3.2332
	122.52
	1961.09

	34
	WC48R30
	7.2584
	3.2924
	124.763
	1997
	
	34
	WC48R30
	7.2364
	3.2824
	124.384
	1990.93

	35
	WC48R30
	7.2256
	3.2775
	124.198
	1987.96
	
	35
	WC48R30
	7.2051
	3.2682
	123.846
	1982.32

	36
	WC48R30
	7.2082
	3.2696
	123.899
	1983.17
	
	36
	WC48R30
	7.1870
	3.26
	123.535
	1977.34

	37
	WC57R10
	7.3497
	3.3338
	126.332
	2022.11
	
	37
	WC57R10
	7.3272
	3.3236
	125.945
	2015.92

	38
	WC57R10
	7.4216
	3.3664
	127.567
	2041.88
	
	38
	WC57R10
	7.4024
	3.3577
	127.237
	2036.6

	39
	WC57R10
	7.4388
	3.3742
	127.863
	2046.61
	
	39
	WC57R10
	7.4194
	3.3654
	127.529
	2041.27

	40
	WC57R10
	7.3856
	3.3501
	126.949
	2031.99
	
	40
	WC57R10
	7.3636
	3.3401
	126.57
	2025.93

	41
	WC57R10
	7.3252
	3.3227
	125.911
	2015.37
	
	41
	WC57R10
	7.3049
	3.3135
	125.562
	2009.79

	42
	WC57R10
	7.3316
	3.3256
	126.021
	2017.13
	
	42
	WC57R10
	7.3116
	3.3165
	125.676
	2011.61

	43
	WC57R20
	7.2809
	3.3026
	125.149
	2003.18
	
	43
	WC57R20
	7.2604
	3.2933
	124.797
	1997.54

	44
	WC57R20
	7.2454
	3.2865
	124.539
	1993.42
	
	44
	WC57R20
	7.2262
	3.2778
	124.21
	1988.14

	45
	WC57R20
	7.2276
	3.2784
	124.232
	1988.5
	
	45
	WC57R20
	7.2090
	3.27
	123.914
	1983.41

	46
	WC57R20
	7.1914
	3.262
	123.611
	1978.56
	
	46
	WC57R20
	7.1709
	3.2527
	123.258
	1972.92

	47
	WC57R20
	7.2635
	3.2947
	124.85
	1998.39
	
	47
	WC57R20
	7.2421
	3.285
	124.482
	1992.51

	48
	WC57R20
	7.2207
	3.2753
	124.115
	1986.62
	
	48
	WC57R20
	7.2018
	3.2667
	123.789
	1981.41

	49
	WC57R30
	7.0611
	3.2029
	121.371
	1942.71
	
	49
	WC57R30
	7.0413
	3.1939
	121.03
	1937.25

	50
	WC57R30
	7.0322
	3.1898
	120.875
	1934.76
	
	50
	WC57R30
	7.0106
	3.18
	120.504
	1928.82

	51
	WC57R30
	7.0371
	3.192
	120.958
	1936.1
	
	51
	WC57R30
	7.0181
	3.1834
	120.632
	1930.88

	52
	WC57R30
	7.1019
	3.2214
	122.072
	1953.93
	
	52
	WC57R30
	7.0788
	3.2109
	121.674
	1947.56

	53
	WC57R30
	7.0765
	3.2099
	121.637
	1946.95
	
	53
	WC57R30
	7.0549
	3.2001
	121.265
	1941.01

	54
	WC57R30
	7.1478
	3.2422
	122.861
	1966.55
	
	54
	WC57R30
	7.1279
	3.2332
	122.52
	1961.09

	55
	WC42R0
	7.5397
	3.42
	129.598
	2074.39
	
	55
	WC42R0
	7.5217
	3.4118
	129.287
	2069.42

	56
	WC42R0
	7.4846
	3.395
	128.651
	2059.23
	
	56
	WC42R0
	7.4740
	3.3902
	128.469
	2056.32

	57
	WC42R0
	7.5243
	3.413
	129.333
	2070.14
	
	57
	WC42R0
	7.5005
	3.4022
	128.924
	2063.59

	58
	WC42R0
	7.5508
	3.425
	129.788
	2077.42
	
	58
	WC42R0
	7.5375
	3.419
	129.56
	2073.78

	59
	WC42R0
	7.5320
	3.4165
	129.466
	2072.27
	
	59
	WC42R0
	7.5142
	3.4084
	129.159
	2067.35

	60
	WC42R0
	7.4740
	3.3902
	128.469
	2056.32
	
	60
	WC42R0
	7.4553
	3.3817
	128.147
	2051.16

	61
	WC48R0
	7.6537
	3.4717
	131.557
	2105.75
	
	61
	WC48R0
	7.6308
	3.4613
	131.163
	2099.44

	62
	WC48R0
	7.6405
	3.4657
	131.33
	2102.11
	
	62
	WC48R0
	7.6176
	3.4553
	130.936
	2095.8

	63
	WC48R0
	7.5975
	3.4462
	130.591
	2090.28
	
	63
	WC48R0
	7.5759
	3.4364
	130.22
	2084.34

	64
	WC48R0
	7.6654
	3.477
	131.758
	2108.96
	
	64
	WC48R0
	7.6438
	3.4672
	131.387
	2103.02

	65
	WC48R0
	7.7646
	3.522
	133.463
	2136.26
	
	65
	WC48R0
	7.7443
	3.5128
	133.115
	2130.68

	66
	WC48R0
	7.6224
	3.4575
	131.019
	2097.14
	
	66
	WC48R0
	7.6015
	3.448
	130.659
	2091.37

	67
	WC57R0
	7.4504
	3.3795
	128.063
	2049.83
	
	67
	WC57R0
	7.4317
	3.371
	127.741
	2044.67

	68
	WC57R0
	7.4447
	3.3769
	127.965
	2048.25
	
	68
	WC57R0
	7.4240
	3.3675
	127.609
	2042.55

	69
	WC57R0
	7.4868
	3.396
	128.689
	2059.83
	
	69
	WC57R0
	7.4685
	3.3877
	128.374
	2054.8

	70
	WC57R0
	7.5122
	3.4075
	129.124
	2066.81
	
	70
	WC57R0
	7.4956
	3.4
	128.84
	2062.26

	71
	WC57R0
	7.4934
	3.399
	128.802
	2061.65
	
	71
	WC57R0
	7.4782
	3.3921
	128.541
	2057.47

	72
	WC57R0
	7.4447
	3.3769
	127.965
	2048.25
	
	72
	WC57R0
	7.4255
	3.3682
	127.635
	2042.97



Table ΙΙ Compressive strength for different w/c ratio and different replacement

	Sl
	Specimen
designation
	Specimen
dia/size
(mm)
	Maximum
load (KN)
	KN/mm2
	Crushing
strength
(Mpa)
	Avg.
crushing
strength
(Mpa)
	Avg.
crushing
strength
(Psi)

	1
	WC42R10
	100
	128.51
	0.01636
	16.3624
	17.608
	2553.16

	2
	WC42R10
	100
	174.24
	0.02218
	22.1849
	
	

	3
	WC42R10
	100
	112.13
	0.01428
	14.2768
	
	

	4
	WC42R20
	100
	135.65
	0.01727
	17.2715
	17.581
	2931.6

	5
	WC42R20
	100
	150.18
	0.01912
	19.1215
	
	

	6
	WC42R20
	100
	128.41
	0.01635
	16.3496
	
	

	7
	WC42R30
	100
	189.56
	0.02414
	24.1355
	23.307
	2872.59

	8
	WC42R30
	100
	190.35
	0.02424
	24.2361
	
	

	9
	WC42R30
	100
	169.25
	0.02155
	21.5495
	
	

	10
	WC48R10
	100
	227.72
	0.02899
	28.9941
	28.389
	3498.94

	11
	WC48R10
	100
	223.04
	0.0284
	28.3983
	
	

	12
	WC48R10
	100
	218.14
	0.02777
	27.7744
	
	

	13
	WC48R20
	100
	160.98
	0.0205
	20.4966
	21.5487
	3124.56

	14
	WC48R20
	100
	199.86
	0.02545
	25.4469
	
	

	15
	WC48R20
	100
	146.89
	0.0187
	18.7026
	
	

	16
	WC48R30
	100
	226.3
	0.02881
	28.8133
	22.5095
	3263.88

	17
	WC48R30
	100
	156.96
	0.01998
	19.9847
	
	

	18
	WC48R30
	100
	147.11
	0.01873
	18.7306
	
	

	19
	WC57R10
	100
	180.56
	0.02299
	22.9896
	24.8124
	3597.8

	20
	WC57R10
	100
	218.14
	0.02777
	27.7744
	
	

	21
	WC57R10
	100
	185.93
	0.02367
	23.6733
	
	

	22
	WC57R20
	100
	147.61
	0.01879
	18.7942
	19.1669
	2779.2

	23
	WC57R20
	100
	158.31
	0.02016
	20.1566
	
	

	24
	WC57R20
	100
	145.69
	0.01855
	18.5498
	
	

	25
	WC57R30
	100
	164.98
	0.02101
	21.0059
	20.4049
	2958.71

	26
	WC57R30
	100
	152.2
	0.01938
	19.3787
	
	

	27
	WC57R30
	100
	163.6
	0.02083
	20.8302
	
	

	28
	WC42R0
	100
	120.61
	0.01536
	15.3565
	16.7541
	2429.34

	29
	WC42R0
	100
	167.96
	0.02139
	21.3853
	
	

	30
	WC42R0
	100
	106.19
	0.01352
	13.5205
	
	

	31
	WC48R0
	100
	146.96
	0.01871
	18.7115
	16.5903
	2405.59

	32
	WC48R0
	100
	128.34
	0.01634
	16.3407
	
	

	33
	WC48R0
	100
	115.6
	0.01472
	14.7186
	
	

	34
	WC57R0
	100
	128.99
	0.01642
	16.4235
	15.581
	2598.14

	35
	WC57R0
	100
	140.89
	0.01794
	17.9386
	
	

	36
	WC57R0
	100
	97.24
	0.01238
	12.381
	
	
















Table ΙΙΙ Tensile splitting strength for different w/c ratio and different replacement

	Sl
	Specimen
designation
	Specimen
dia/size
(mm)
	Maximum
load (KN)
	Tensile
strength
(Mpa)
	Avg.
tensile
strength
(Mpa)
	Avg.
tensile
strength
(Psi)

	1
	WC42R10
	100
	65.41
	2.082
	2.036
	295.268

	2
	WC42R10
	100
	57.25
	1.822
	
	

	3
	WC42R10
	100
	69.26
	2.205
	
	

	4
	WC42R20
	100
	71.84
	2.287
	2.587
	375.085

	5
	WC42R20
	100
	85
	2.706
	
	

	6
	WC42R20
	100
	86.96
	2.768
	
	

	7
	WC42R30
	100
	61.26
	1.95
	2.01
	291.45

	8
	WC42R30
	100
	64.71
	2.06
	
	

	9
	WC42R30
	100
	64.08
	2.04
	
	

	10
	WC48R10
	100
	84.82
	2.7
	2.54
	368.3

	11
	WC48R10
	100
	76.34
	2.43
	
	

	12
	WC48R10
	100
	78.85
	2.51
	
	

	13
	WC48R20
	100
	90.3
	2.874
	2.694
	390.608

	14
	WC48R20
	100
	68.58
	2.183
	
	

	15
	WC48R20
	100
	95.01
	3.024
	
	

	16
	WC48R30
	100
	75.41
	2.400
	2.251
	326.33

	17
	WC48R30
	100
	72.11
	2.295
	
	

	18
	WC48R30
	100
	64.59
	2.056
	
	

	19
	WC57R10
	100
	67.64
	2.153
	2.329
	337.653

	20
	WC57R10
	100
	68.95
	2.195
	
	

	21
	WC57R10
	100
	82.88
	2.638
	
	

	22
	WC57R20
	100
	80.92
	2.576
	2.417
	350.469

	23
	WC57R20
	100
	76.64
	2.440
	
	

	24
	WC57R20
	100
	70.24
	2.236
	
	

	25
	WC57R30
	100
	62.39
	1.986
	1.838
	266.513

	26
	WC57R30
	100
	54.92
	1.748
	
	

	27
	WC57R30
	100
	55.92
	1.780
	
	

	28
	WC42R0
	100
	50.49
	1.607
	2.141
	310.453

	29
	WC42R0
	100
	68.66
	2.186
	
	

	30
	WC42R0
	100
	82.64
	2.631
	
	

	31
	WC48R0
	100
	64.77
	2.062
	2.384
	345.669

	32
	WC48R0
	100
	98.01
	3.120
	
	

	33
	WC48R0
	100
	61.9
	1.970
	
	

	34
	WC57R0
	100
	81.18
	2.584
	2.298
	333.222

	35
	WC57R0
	100
	67.25
	2.141
	
	

	36
	WC57R0
	100
	68.16
	2.170
	
	






Figure 3.1: Fineness modulus of coarse aggregate (Brick chips)
ASTM upper limit	75	37.5	19	9.5	4.75	2.36	100	100	100	70	30	10	ASTM lower limit	75	37.5	19	9.5	4.75	2.36	100	100	90	40	10	0	BRICK CHIPS	75	37.5	19	9.5	4.75	2.36	100	100	93	47	10	0	Sieve size (mm)
Percent passing
Figure 3.3: Fineness modulus of Lightweight Coarse Aggregate (PP)
ASTM upper limit	75	37.5	19	9.5	4.75	2.36	100	100	100	70	30	10	ASTM lower limit	75	37.5	19	9.5	4.75	2.36	100	100	90	40	10	0	PP	75	37.5	19	9.5	4.75	2.36	100	100	95	50	15	0	Sieve size (mm)
Percent passing
Figure 3.4: Fineness modulus of of fine aggregate (Sylhet Sand)
ASTM upper limit	4.75	2.36	1.18	0.6	0.3	0.15	100	100	85	60	30	10	ASTM lower limit	4.75	2.36	1.18	0.6	0.3	0.15	95	80	50	25	5	0	SYLHET SAND	4.75	2.36	1.18	0.6	0.3	0.15	100	100	79	20.57	3.86	0.49	SIEVE SIZE (mm)
PERCENT PASSING
Figure 4.1 Density of regular and PCA concrete
Regular	0.42	0.48	0.56999999999999995	2063.6	2100.7800000000002	2050.79	10% PP	0.42	0.48	0.56999999999999995	2059.3200000000002	1988.41	2023.5	20% PP	0.42	0.48	0.56999999999999995	2027.92	2002.66	1985.99	30% PP	0.42	0.48	0.56999999999999995	1925.14	1973.1	1941.1	w/c ratio

Density ( kg/m3 )



Figure 4.2 Variation in density and w/c ratio of RC and PCA concrete
Regular	0.42	0.48	0.56999999999999995	2063.6	2100.7800000000002	2050.79	10% PP	0.42	0.48	0.56999999999999995	2059.3200000000002	1988.41	2023.5	20% PP	0.42	0.48	0.56999999999999995	2027.92	2002.66	1985.99	30% PP	0.42	0.48	0.56999999999999995	1925.14	1973.1	1941.1	w/c ratio

Density ( kg/m3 )



Figure 4.3 Compressive strength to Density ratio of regular concrete and PCA concrete
 
Regular	0.42	0.48	0.56999999999999995	8.1188214770304317	7.8970668037586025	7.5975599646965311	10% PP	0.42	0.48	0.56999999999999995	8.5503952761105602	13.452959902635774	12.26192241166296	20% PP	0.42	0.48	0.56999999999999995	8.6694741409917544	10.760188948698232	9.6511059975125768	30% PP	0.42	0.48	0.56999999999999995	11.261518642800004	11.408443565962193	10.512080778939778	w/c ratio

Comp. strength/Density



Figure 4.4 Tensile strength to Density ratio of regular concrete and PCA concrete
Regular	0.42	0.48	0.56999999999999995	1.0375072688505525E-3	1.1348165919325202E-3	1.1205437904417324E-3	10% PP	0.42	0.48	0.56999999999999995	9.8867587358934003E-4	1.277402547764294E-3	1.1509760316283668E-3	20% PP	0.42	0.48	0.56999999999999995	1.2756913487711548E-3	1.345210869543507E-3	1.2170252619600299E-3	30% PP	0.42	0.48	0.56999999999999995	1.0440799110714024E-3	1.1408443565962191E-3	9.4688578640976778E-4	w/c ratio

Tensile strength / Density



Figure 4.5 Compressive Strength (28 days) of regular concrete and PCA concrete
Regular	0.42	0.48	0.56999999999999995	16.754000000000001	16.59	15.581	10% PP	0.42	0.48	0.56999999999999995	17.608000000000001	26.75	24.812000000000001	20% PP	0.42	0.48	0.56999999999999995	17.581	21.548999999999999	19.167000000000002	30% PP	0.42	0.48	0.56999999999999995	21.68	22.51	20.405000000000001	w/c ratio

Compressive strength ( MPa )



Figure 4.6 Tensile Strength (28 days) of regular concrete and PCA concrete
Regular	0.42	0.48	0.56999999999999995	2.141	2.3839999999999999	2.298	10% PP	0.42	0.48	0.56999999999999995	2.036	2.54	2.3290000000000002	20% PP	0.42	0.48	0.56999999999999995	2.5870000000000002	2.694	2.4169999999999998	30% PP	0.42	0.48	0.56999999999999995	2.0099999999999998	2.2509999999999999	1.8380000000000001	w/c ratio

Tensile Strength  ( MPa )



image2.jpeg




image3.jpeg




image4.jpeg




image1.png




image2.png




