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ABSTRACT This is a preliminary study of the fundamental behaviour of fibre reinforced concrete. The ultimate goal for this research project is to develop an analytical model to simulate the behaviour of fibre reinforced concrete structures under dynamic loading as well as to assist in designing fibre reinforced concrete structure. This project examined fibre reinforced concrete through several experiments. To better understand fibre reinforced concrete properties, test specimens were statically tested. External fibre reinforced concrete panels be used for the function of blast and impact protection, with the additional benefit of reducing construction time and cost by lowering the required amount of conventional steel.The addition of unconventional reinforcement to concrete, specifically fibre reinforcement, has been shown to have the desired characteristics for blast and impact resistance including increased durability, toughness and high energy absorption. This structure serves multiple functions. It has been suggested that for compressive strength ,spitting tensile strength, and most importantly average residual strength,all using ASTM standards when applicable. The ability of fibre reinforced concrete to carry load past initial cracking is demonstrated by average residual strength. While this study is only a preliminary investigation into fibre reinforced concrete, it has shown that fibre reinforced has potential for mitigating blast and impact effects and it has laid the ground work for future work....
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CHAPTER – 1 INTRODUTION 1.1 INTRODUCTION: Concrete is the most widely used man-made construction material in the world. It is obtained by mixing cement materials, water, aggregate and sometimes admixtures in required proportions. Fresh concrete or plastic concrete is freshly mixed material which can be moulded into any shape hardens into a rock-like mass known as concrete. The concrete structures which were constructed since 1970 or thereabout by which time (a) the use of high strength rebar’s with surface deformations (HSD) started becoming common, (b) significant changes in the constituents and properties of cement were initiated, and (c) engineers started using supplementary cement materials and admixtures in concrete, often without adequate consideration. The setback in the health of newly constructed concrete structures prompted the most direct and unquestionable evidence of the last two/three decades on the service life performance of our constructions and the resulting challenge that confronts us is the alarming and unacceptable rate at which our infrastructure systems all over the world are suffering from deterioration when exposed to real environments. The Ordinary Portland Cement (OPC) is one of the main ingredients used for the production of concrete and has no alternative in the civil construction industry. Unfortunately, production of cement involves emission of large amounts of carbondioxide gas into the atmosphere, a major contributor for greenhouse effect and the global warming hence it is inevitable either to search for another material or partly replace it by some other material. the search for any such material, which can be used as an alternative or as a supplementary for cement should lead to global sustainable development and lowest possible environmental impact, Now a day the construction industry turning towards pre-cast elements and requirement of post-tensioning has made the requirement of the high strength of concrete invariable and the engineers had to overcome these drawbacks, which to a great extent we have been able to do. The construction today is to achieve savings in construction work. This has now turned into one of the basic requirement of concreting process.



CHAPTER - 2 LITERATURE OVERVIEW 2.1 LITERATURE REVIEW: In many countries to strengthen a weaker material the fibres have been traditionally used. Well-known examples are straw in mud blocks and horse hair in plastering. A lot of work is being carried out on fibres reinforced concrete since last three decades.
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In 1990 porter was the first to put the idea that the concrete can be strengthened by inclusion of fibres. The work ofRumadi of U.S.A. In 1963 using chopped wire fibres and in Russia the work of Birynkovich using glass fibres has gained attention of many research workers in the field of construction. To understand the mechanism of fibrereinforcing Surendrap.shah and B.Vijayrangan investigated mechanical properties of concrete and mortar reinforced with randomly oriented smooth fibres. The variables chosen for investigation were different volumes of lengths, orientation and types of fibres. From their investigations some of the conclusions were a) Fibres considerably increase resistance of concrete to crack propagation. b) Tensile, flexural strengths and toughness of fibre reinforced concrete will increase. c) Fibres have negligible effect on the load at which crack initiate in the matrix. d) The post cracking resistance provided by fibres is influenced by aspect ratio and orientation. e) The performance of fibres can be substantially improved by increasing bond strength. f)



The reinforcing action of fibres can be predicted by using a composite material approach based on knowledge of individual component properties.



2.2 CONCRETE in BRIEF:Concrete is most widely used man made construction material today, we take concrete for granted in our everyday activities and tend to be impressed by the more dramatic impacts of technology. The versatility and mouldability of this material its high compressive strength and ability to redistribute the stresses, and the discovery of reinforcing and pre-stressing techniques which helped to make up for its low tensile strength have contributed largely to its widespread use. We can rightly say that are in the age of concrete. With passage of time and due to the fast improving technology, we have seen many improvements and even discoveries of new concrete. Polymer concrete, airentrained concrete, lightweight concrete, vacuum concrete, etc are few to mention among them. Cement concrete is the area in which the civil engineer has applied the idea of composite materials by combining cement paste and aggregates. When two different kinds of materials with contrasting properties of strength and elasticity are combined together, they realize a great portion of the theoretical strength of the ‘stronger’ component, and these combined materials are called ‘two phase composites’. In an idea two-phase composite, the strength of the weak phase is thus improved by the strong phase. Usually, a two-phase composite material is obtained by combining one material of greater tensile strength and modulus of elasticity with another material of relatively low modulus of elasticity. The high strength material is more or less finely ‘divided’ and evenly ‘distributed’ or dispersed in a matrix and then mixed with the low-modulus material. So the whole material withstands the loading which would have otherwise ruptured the weaker material easily (Parameswaran,1988).



CHAPTER – 3 STUDY ON FIBRES 3



3.FIBRE: An overview on fibre: In recent years, several studies have been conducted to investigate the flexural strengthening of reinforced concrete (RC) members with fibre reinforced composite fabrics. Recently, the use of high strength fibre-reinforced polymer (FRP) materials has grained acceptance as structural reinforcement for concrete. In this composite material, short discrete fibres are randomly distributed throughout the concrete mass. The behavioural efficiency of this composite material is far superior to that of plain concrete and many other construction materials of same cost. Due to this benefit, the use of FRC has steadily increased during last two decades and its current field of application includes airport and highway pavements, earthquake resistant and explosive resistant structures, mines and tunnel linings, bridge deck overlays, hydraulic structures, rock slope stabilization. Extensive research work on FRC has established that the addition of various types of fibres such as steel, glass, synthetic and carbon, in plain concrete improves strength, toughness, ductility, and post cracking resistance etc. the major advantages of fibre reinforced concrete are resistance to micro cracking, impact resistance, resistance to fatigue, reduced permeability, improved strength in shear, tension, flexure and compression. The character and performance of FRC changes with varying concrete binder formulation as well as the fibre material type, fibre geometry, fibre distribution, orientation and fibre concentration.



3.1 FIBRE MATERIALS: According to terminology adopted by the American Concrete Institute (ACI) committee 544, Fibre Reinforced Concrete, there are four categories of FRC based on fibre materials type. These are Steel Fibre Reinforced Concrete, Glass Fibre Reinforced concrete, Synthetic Fibre Reinforced Concrete, including carbon fibres and Natural Fibre Reinforced Concrete. 



Fibre geometry:



Individual fibres are produced in an almost limitless variety of geometric forms including.







Prismatic:



Rounded or polygon cross-section with smooth surface or deformed throughout or only at the ends.







Irregular cross-section:



Cross-section varies along the length of the fiber. 
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Collated:



Multifilament (alternatively termed branching or fibrillated) or monofilament networks (or bundles) that are usually designed to separate during FRC production (mixing). 



Equivalent diameter:



For fibres that are not circular and prismatic in cross-section, it is useful to determine what would be the diameter of an individual fibre if its actual cross-section were formed as a prismatic circular cross-section. The equivalent diameter of a fibre is the diameter of the circle having the same areas as that of the average cross-sectional area of an actual fibre. Relatively small equivalent diameter fibre have correspondingly low flexural stiffness and thus have a certain ability to conform to the shape of the space they occupy in the paste phase of the concrete mixture in between aggregate particles. Relatively large equivalent diameter fibres have greater flexural stiffness and will have a correspondingly greater effect on consolidation of aggregate during the process of mixing and placement. 



Fibre aspect ratio:



The fibre aspect ratio is a measure of the slenderness of individual fibres. It is computed as fibre length divided by the equivalent fibre diameter for an individual fibre. Fibres of FRC can have an aspect ratio varying from approximately 40 to 1000 but typically less than 300. This parameter is also measure of fibre stiffness and will affect mixing and placing. 



Fibre denier:



Principally when discussing about synthetic fibre reinforced concrete ranges from high to low relative to the total volume of concrete produced. It is useful to classify FRC on the basis of fibre concentration (volume percentage) as this one factor is seen to significantly affect mixing, placing, and hardened concrete performance, as much as any other single factor. Volume percentage may be considered high if in the range 3 to 12%, moderate if in the range 1 to 3% and low if in the range 0.1 to 1.0%, based on the total volume of the concrete produced. The different ranges of fibres that can be used are given below in the fibre. The synthetic fibre is ranging from 0.1% to 2% used by volume percent of matrix. 



Fibre count and specific surface:



Fibre count (FC) and fibre specific surface (FSS) are the number of fibres in a unit volume of FRC and the surface area of fibre in a unit volume of FRC, respectively. Consider the mass of an FRC composite based on volume basis. The total volume of fibre in any given unit volume of composite, i.e. the volume fraction (or percentage if multiplied by 100), may consist of only one single (large) fibre or it may be any number of smaller individual fibres. Recently developed a new type of fibre manufactured by reliance company come in to picture i.e. recron fibre. This is a synthetic fibre.
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3.2 PROPERTIES OF FIBRE REINFORCED CONCRETE: Fibre reinforced concrete (FRC) is defined as a concrete made up of hydraulic cement containing fine and coarse aggregate and discontinuous discrete fibres. The properties of FRC depend on the type of fibre, fibre geometry, fibre content, orientation and distribution of fibres. The manufacturing process also influences them. The outstanding property of cement based fibre concrete is the crackarrest and crack control mechanism of the fibres. This directly leads to improvement in, all other properties linked with cracking, such as strength, stiffness, ductility, energy absorption, resistance to impact and fatigue and thermal loading. The real value of fibre reinforcement lies not so much in strength but in crack control and associated properties. The crack controlling property of fibre has three major efforts on the concrete composite. The fibres delay the on set of flexural cracking, the increase in tensile strain at first crack being as much as 100%. The ultimate tensile strain may be as large as 20 to 50 times that of plain concrete. The fibre imparts a well-defined postcracking behaviour to the composite. The crack arrest property and the consequent increase in ductility impart greater energy absorbing property to the composite prior to failure. With 2.5% fibre content, the energy absorption capacity is increased by more than 10 times as compared to un-reinforced matrix. Raugnch defined a fibre by its geometric parameters characterized not only by its long length to diameter ratio, but also mean crystal size diameters.



3.2.1Aspect Ratio: Any material in an elongated form whose length to diameter ratio is not less than 10 is grouped under fibre category, the ratio being termed as ASPECT RATIO.



3.2.2Orientation of Fibres: The pattern of fibre orientation in an actual situation is complex. The orientation can be classified into three classes, as below 1. One dimensional orientation 2. Two dimensional orientation 3. Random orientation.



The one dimensional orientation is the most efficient to resist the forces in the direction of fibres. In this the fibres are oriented in one direction only. In the two dimensional orientation the fibres may be arranged in two perpendicular directions. In the random orientation the fibres are randomly oriented in the plane. The most general orientation of fibres is the random orientation in three dimensions. In this system only 41% fibres are effective.



3.3 MECHANICAL, THERMAL PROPERTIES AND CHEMICAL RESISTANCE: 6



3.3.1 Mechanical Properties: Traditional materials tend to be relatively little affected by temperature and time within the normal service conditions. But thermoplastics exhibit a different behavior. Stresses and strains that a thermoplastic can withstand when they are applied slowly may be quite sufficient to shatter when they are applied rapidly. A stress that creates no problem for a short period may cause the material to deform or creep over a longer period of time. These are instances of the time-dependency of plastics. The mechanical properties of polypropylene are strongly dependent on time, temperature and stress. Furthermore, it is a semi-crystalline material, so the degree of crystalline and orientation also affects the mechanical properties. Also the material can exist as homopolymer, block copolymer and random copolymer and can be extensively modified by filters, reinforcements and modifiers. These factors also affect the mechanical properties. A summary of the mechanical properties are given below, Tensile strength: 25-33 Mpa Flexural modulus: 1.2-1.5 Gpa Elongation at break: 150-300% Strain at yield: 10-12%



3.3.2 Thermal Properties: Polypropylene is a thermoplastic and hence softens when heated and hardens when cooled. It is hard at ambient temperatures and this inherent property allows permits economical processing techniques such as injection molding or extrusion. The softening point or resistance to deformation under heat limits its service temperature range. Melting point and the glass transition temperature control the operating range. If the product has a wide working temperature range, then the co-efficient of linear expansion becomes significant. “When polypropylene is exposed to high temperatures within its maximum operating temperatures a gradual deterioration takes place. This effect is known as thermal ageing. It is an oxidation process and hence it is related to weathering. Thermal ageing resistance is measured using an “induction” technique. In this method samples are help at a particular temperature for some days to degrade the samples to a particular extent. Ageing temperature varies from 70 0C to 1350C were used, depending upon the degree of stability of the fibre and the expediency of the test. A 50 percent loss in fibre strength and elongation or the toughness factor is generally taken as the end of the induction period and is considered as a relative measure of polymer stability at test temperature. The resulting data make it possible to estimate the service life of polypropylene at elevated temperature. For example, a polypropylene with an induction period of 20 days would have a service life of about 6 years at 800C, while one with an induction period of at the same temperature days would have a life of about 1,000 days.
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3.3.3 Chemical resistance: Chemical resistance refers to inertness and compatibility with other ingredients present within the compounded polymer as well as resistance to external environmental. It is often associated with heat stability because reaction may take place during high temperature processing. Polypropylene has a high resistance to chemical attack due to its non-polar nature. The term non-polar refers to the bond between atoms. The atoms of each element have specific electro-negativity values of the atoms in a bond. If the electro-negativity value is greater the polarity of the bond will be higher. When this difference is small the material is said to be non-polar. In other words, the solubility of a polymer is related to the forces holding the molecule together, and one measure of this is the solubility parameter. Vulnerability is said to occur when the solubility parameter of the polymer and solvent are similar. It is understood that lower the value of the solubility parameter, the more resistant will be the polymer. Normally in chemical solutions polymers are not dissolved outright but soften and also may swell. These changes can be reversible when the chemical is driven off, but changes that are caused by chemical reaction are irreversible. Many chemical attacks are more severe at higher temperatures and at higher concentrations of the chemical reagent. In general, polypropylene is resistant to alcohols, organic acids, esters and ketones. It is swollen by aliphatic and aromatic hydrocarbons, and by halogenated hydrocarbons but is highly resistant to most inorganic acids and alkalis. However, it is readily attacked by strong, oxidizing acids and halogens. Contact with copper and copper alloys accelerates oxidation, particularly in the presence of fillers and reinforcements. Also the water absorption is very low and this is again because of thee non-polar nature of the material.



3.4 TYPES OF FIBRES: The fibres used for reinforcement or concrete mix are of different types. The fibres may be of steel, glass, asbestos, plastic cotton, wood, coir etc. each fibre possess its own characteristics and limitations and accordingly the concrete properties will be modified.Few significant aspects of the important fibres and applications are described below.



3.4.1 Steel fibres: For extensive engineering projects the steel fibres are found suitable. Most of the fibres are obtained by cutting drawn wires. These steel fibres with different crimps, indentations and shapes to increase strength are also being produced. The test results show that the tensile strength of steel bars have little influence on the first crack flexural strength, although it may have a significant effect on the ultimate flexural strength, if the composite failure occurs. The steel fibres with low tensile strength are also produced from the low carbon flat rolled steel coils. The cost of fibres is influenced by the method of fibre production.
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STEEL FIBRE In the use of steel fibers two main problems are encountered. One is the tendency for very fine fibers to ball together. Balling or cling of fibres would lead to non-uniform dispersion of fibres. With consequent reduction in the strength and variation in the results obtained by tests. The each fiber should be fully embedded in the concrete matrix for maximum efficiency of fiber reinforced concrete. The fibers can be mixed manually but possess some problems. To overcome these difficulties mechanical dispersers, pneumatic feeding and other methods of fiber dispersion are developed now. The second problem needs investigation in the corrosion. On cracked and uncracked sections the tests are in progress to study the effect of environment. The evidence available is limited and is of short duration which shows that the rusting of steel fibers is confined to the surface and not offending. With the use of short and small diameter (0.15 to 0.9) steel fibers, significant improvements have been obtained in the first crack and ultimate flexural strength. By ensuring uniform distribution of fibers and consolidation to the matrix material around the fiber, the property improvement can be obtained, the fresh concrete workability decreases rapidly with the content of fiber, geometry of fiber and method of the fiber geometry, size and shape of aggregate and mix proportion.



3.4.2 Glass fibers: Glass fibers are being used in cement where the fabrication is carried out in a factory, glass fiber reinforced cement is being considered as a substitute and an improvement of asbestos cement. The special microstructure of glass fibers is the major difference with other composite. Fabrication technique plays an important role in the strength of glass fiber reinforcement. One of the major improvements achieved by glass fiber reinforcement is increase in impact strength 20-25 × 103 j/m2 compared to 3-5 × 103 J/m2 for asbestos cement. Good resistance to thermal shock and improved fire resistance properties are possed by glass fiber reinforcement which makes it convenient to be used as permanent shuttering for structural steel. Several applications of high alumni’s cement and E-glass fiber have been successfully tried such as grain silos; hallow pontoon’s for house boats and heating units etc.
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GLASS FIBRE 3.4.3 Carbon fibres: When compared to steel and fibres, carbon fibre possesses high strength and young’s modulus of elasticity (4223 × 10 3 kg/cm2 ). The carbon fibre reinforced concrete has linear stress strain characteristics and appears to possess adequate fatigue resistance and acceptable creep. More recent tests on combination of carbon fibres with other fibres show a substantial improvement in the impact resistance. In structural engineering use of carbon fibres are certainly promising particularly in thin section of elements such as cladding panels, shells and bridge decks etc.



CARBON FIBRE



3.4.4 Wood fibres: Wood fibres have relatively poor mechanical properties compared with synthetic fibres. Wood fibres have the advantages of low density, Low cost and low energy demand during manufacture. Depending upon the origination the wood and soft woods The diameter of hard wood fibres is 0.5 to 3.0 mm and length 20 to 60 mm while the diameter of soft wood fibres is 2mm to 4.5 mm and length 20 to 30mm. The removalmethod of fibres from the parent wood (pulping) has a profound effect on the reinforcing properties of the fibre. 10



The health hazards associated with the use of wood fibres are dermatitis and allergic reactions. Nasal cancer is frequent in wood workers exposed to dust from selected species of wood. The composite material composed of cement matrix reinforced by small volume of individual wood fibres appears to offer potential as low energy consuming building material with reasonable mechanical properties microorganisms attack on wood fibres is unlikely. The wood fibres appears to be inherently stable under highly alkaline condition of the cement matrix. Thoroughly washing of the fibres increase the strength of the composite and changes the failure mode to a combination of fibre facture and fibre pull out.



WOOD FIBRE 3.4.5 Plastic fibres: Plastic fibres such as nylon and polypropylene have high tensile strength and low modulus equal to 600 to 700 kg/cm2. The polypropylene does not have a high temperature resistance as it softens when heated. It possesses the advantage like chemical stability in cement paste, not attacked by acids and alkalies. Plastic fibre is water repellent but losses strength after prolonged exposure to ultraviolet rays. The fibres are chopped into lengths ranging from 10 to 100mm for random disposal, added in the proportions of 0.2 to 0.2 percent by weight of total concrete. The use of plastic fibres can result in thinner crack resistance sections, saving, material, and transportation and erection costs.



PLASTIC FIBRE



3.4.6 Akwara fibres: 11



Akwara is a vegetable stem fibre dark brown in colour, when natured is readily available in Nigeria. Akawara is lighter than water. It is brittle in nature. Akawara fibre is durable in concrete matrix and has low modulus of elasticity of 1.90 to 3.2 KN/mm 2. It is stable in water. Akawara fibre length has two shades of colours’ the more naturated and stronger end is dark brown while other end is whitish. The geometry of fibre is variable. It may be elliptical, circular, rectangular in cross section taping along the length from the dark brown end. The specific gravity of akwara is 0.96. Generally the fibre is about 1.5m long the equivalent diameter of akwara fibre may vary from 1 to 4mm.



3.4.7 Coir fibres: The coir fibre is extracted mainly from green nut. It is the fibrous portion of the coconut. A coir fibre are stable in water and possesses tensile strength of 1500 kg/cm 2 it is susceptible to alkaline environment. The coir fibr is dark brown in color of the coconut is natured and white if taken from a green coconut. The maximum length of coir is 25 cm and average diameter is 0.025 cm, the core specific gravity is 1.025.



COIR FIBRE 3.4.8 Recron fibre: Recron fibrefill is India’s only hollow fibre specially designed for filling and insulation purpose. Made with technology from DuPont, USA, Recron fibrefill adheres to world-class quality standards to provide maximum comfort, durability. Reliance Industry Limited (RIL) has launched recron 3s fibres with the objective of improving the quality of plaster and concrete. Application of RECRON 3s fibre reinforced concrete used in construction. The thinner and stronger elements spread across entire section, when used in low dosage arrests cracking. RECRON 3s prevent the shrinkage cracks developed during curing making the structure/plaster/component inherently stronger. Further when the loads imposed on concrete approach that for failure, cracks will propagate, sometimes rapidly. Addition of RECRON 3s in concrete and plaster prevents/arrests cracking caused by volume change (expansion & contraction). A cement structure free from such micro cracks prevents water or moisture from entering and migrating throughout the concrete. This in turn helps prevent the corrosion of 12



steel used for primary reinforcement in the structure. This in turn improves longevity of the structure. The modulus of elasticity of RECRON 3s in high with respect to the modulus of elasticity of the concrete or mortar binder. The RECRON 3s fibres help increase flexural strength RECRON 3s fibres are environmental friendly and non-hazardous. They easily disperse and separate in the mix. Only 0.2-0.4% by cement RECRON 3s is sufficient for getting the above advantages. Thus it not only pays for itself, but results in net gain with reduced labour cost & improved properties. So we can briefly summarize the advantages of Recron 3s fibre as,



3.5



Special properties:



Regardless of the ultimate tensile strain,average crackwidthremainsat60µmin



FiberReinforcedConcrete. 



ControlsPlasticSettlements: F ibresalsoact as an internalsupport systemretaininga m o r e homogeneousconcretemix.Fibresdiscouragethenaturalsegregationandsettlemen tofconcrete ingredients.The internalsupportsystem providedby the fibreresultsina moreuniformbleedingbecausethe mixwater isnot displacedand rapidlyforced to thesurface bydownwardmovementofconcreteingredients. 



Improves the Post Peak Ductility of Concrete:



Conventional concrete under application of continuous loading is found to undergo brittle failure. FRC on the other hand exhibits better ductile characteristics and is found to sustain more load after peak before brittle failure.
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Increases Wet & Dry Abrasion Resistance:



Abrasionisresistedwhen thesurface ofconcretehas uniformqualitypaste.Recron3S fibrescontributeto the developmentof thisqualitypaste by contributionof plasticsettlementand plasticshrinkagecrack control.Fibrereinforcedconcrete pavements cansustain greater wear and continual pounding than non-fibre reinforcedconcretepavements,extendingtheirservicelife.







IncreasesImpact /ShatterResistance:



RECRON3Sfibrereinforcementreducesthe totalcrackvoidstructure,which enables concretegreatershock absorbingqualityby transformingitfrom more brittletomoreductilematerial. 



Reduces Water Percolation & Concrete Permeability: Permeabilityof concreteisloweredby reductionof plasticcrack formationwhich further reduceswater percolation. 



Increasing toughness of hardened concrete :



The first crack strength characterizes the behaviour of the fibre-reinforced concrete up-to the onset of cracking in the matrix. While the toughness thereafter up-to specified end-point deflections. Residual strength factors, which are derived directly from toughness indices, characterize the level of strength retained after first crack simply by expressing the average post-crack load over a specific deflection interval as a percentage of the load at first crack. The important of each depends on the nature of the proposed application and the level pf serviceability required in terms of cracking and deflection. When a propagating crack front encounters a polymer fibre array, the homogeneous growthwill be disrupted as the front penetrates between the fibres, and additional fracture work is required to overcome the barrier effect as the penetration depth increases, the bridging force rises rapidly and eventually the fibres will fail, either through fibre pull-out or breakage..Duetothedecreaseinfractureresistance,the crack front willjump forward untilthe crackgrowth drivingforce isreducedtothe 14



criticalvalueto arrest the advancing crack. During this process, a certainamount of the strain energy storedinthe sampleisdissipatedbecauseofthe increaseinfracturesurface areaand the failureof fibres .







Reduces Damaging Effects Due To Freeze Thaw Cycles: Fibre impart to the concrete much needed modulus of elasticity during the freeze thaw cycle and hence mitigating the damages. When exposed to freezing and thawing action, the durability of concrete is found to decrease concomitant with losses in its strength but its toughness is affected by the presence of fibres. A high content of long fibres produces a toughness-retaining effect.



Recron Fibres Reduces Rebound Loss By Up to 50-70% in Shortcrete: Fibresimprovesthe interparticlecohesiononaccount ofenhancedsurface area (onaccount offibrelength&dimension.Thiscohesionreduces heterogeneityofconcretemixthus promotesthe concretefluidity&rheologyhence the user gainsonaccount ofenhancedadhesion&lesserreboundlossofshotcretemix.



Recron Fibres Improve The Long Term Durability of Concrete: 
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Long term durability of concrete is enhanced with the use of quality mix designs workmanship & fibre reinforcement. The unique advantage with fibre reinforcement of reduced shrinkage cracks, plastic settlement, uniform bleeding, reduced plastic crack formation, increased abrasion resistance, reduced water migration added toughness and post crack residual strength synergistically combine to allow the concrete to develop its optimum long term durability & integrity. 



Can Replace Non-Structural Wire Mesh:



Steelfabriconlyfunctionsafter theconcretehas cracked. Itsfunctionbeingtoslow down thepropagationofthe shrinkagecracks fromthe surfacei n t o the slab.Fibers preventthe initiationofthe cracks at an earlyage and thus entirelypreventtheproblemofcrackpropagationand fracturefromarising.







ImprovesFlexural Fatigue Resistance: One of the importantattributesof FRCisthe enhancement of fatiguestrengthcomparedtoplainconcrete.Failurestrengthisdefinedas the maximumflexural fatiguestress at whichthebeam can withstandtwo millioncyclesofnon-reversedfatigueloading.In many applications,particularly in pavements and bridge deck overlays,fulldepth pavementsand industrialfloors,andoffshore structures,flexural fatiguestrength and endurance limitare importantdesignparameters mainly becausethesestructuresare subjectedtofatigueloadcycles.Theendurancelimitofconcreteisdefinedas theflexuralfatiguestress a t whichthe beamcouldwithstand twomillioncyclesofnonreversedfatigueloading,expressedasapercentageofthemodulusof r u p t u r e ofplainconcrete. Strength usingthe same basicmixture proportions, the flexural fatigue strength when determined with fibres shows that the endurance limit for two million cycles had increases by 15 to 18 percent.
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Better



Stress



Transfer at joint: Hightensilestrength fibrescreate a tighteraggregate interlockat cracks andcontractionjoints,whichincreasesloadcarryingcapacityand providesmore stable stress transfer. 



Mass concrete :recorn can improve height per lift:



Enormous amount of heat of hydration released during initial hours of poring of the concrete causes differential shrinkage hence, force to have low lifts per batch hence increases the no of joints. This significantly affects the pace of work due to stipulated gaps required between two lifts. Fibres are proven to provide concrete the much required tensile strength during the critical initial setting phase,this phenomenon is of vital importance in mass concrete. Fibre can reduce the damaging effects of thermal stress caused during this period &therby provide chances of exploring possibility of enhancing the lift height per hour, which will result in lesser no of joints & faster pace of work.



3.6



ROLE OF FIBRE:



When the loads imposed on concrete approach that for failure cracks will propagate, sometimes rapidly; fibres in concrete provide a means of arresting this crack growth. Reinforcing steel bars in concrete have the same beneficial effect because they act as long continuous fibres. Short discontinuous fibres have the advantage, however, of being uniformly mixed and dispersed throughout the concrete. Fibres are added to a concrete mix which normally contains cement, water and fine and coarse aggregate. Among the more common fibres used are steel, glass, asbestos and polypropylene (Parameswaran, 1988). If the modulus of elasticity of the fibre is high with respect to the modulus of elasticity of the concrete or mortar binder, the fibres help to carry the load, thereby increasing the tensile strength of the material. Increase in the length: diameter ratios of the fibres usually augment the flexural strength and toughness of the concrete. The values of this aspect ratio are usually restricted to between 100 to 200 since fibres which are too long tend to ‘ball’ in the mix and create workability problems (Parameswaran, 1988).
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Unlike the fiber composites in resin and metal matrices, in which the fibres are aligned and amount to 60 to 80% of the composite volume, fibre cement/concrete composites contain much less fibres which are arranged in planar or random orientation. Since the tensile cracking strain of the cement matrix is very much lower than the yield or ultimate strain of the fibres, matrix cracking will occur at some level of loading before the maximum strength of the composite is reached The increase in strength by the use of fibres, the degree of ductility and the extent of post-cracking behavior and whether simple or multiple cracking occurs depend on the strength characteristics of the fibres themselves, bond in the matrixfibre interface, the ductility of the fibres, the volume of the fibre reinforcement and its spacing, the dispersion and orientation of the fibre lengths, and smaller fibre diameters have been found independently to improve the strength (Parameswaran, 1988). The fibres may be non- uniformly dispersed and randomly oriented shown in fig 1.2, The orientation and dispersion effects may depend, among other things on the loading conditions. As a rule, fibres are generally randomly distributed in the concrete. Unidirectional fibres uniformly distributed throughout the volume are the most efficient inuni-axial tension. While flexural strength may depend on the unidirectional alignment of the fibres dispersed far away from the neutral plane, flexural shear strength may call for a random orientation. A proper shape and higher aspect ratio are also needed to develop adequate bond between the concrete and the fibres so that the fracture strength of the fibres may be fully utilized (Parameswaran, 1988).



CHAPTER – 4 PREPARATION of FIBROUS CONCRETE: The required quantity of fine aggregate and coarse aggregate are weighed accurately and spread on a impervious platform in alternate layers. The required quantity of cement is weighed and poured on the fine aggregate. The hand mixing is done by a shovel by turning the mixture over and over again until uniformity of the mixture colour is obtained and spread on the platform. The fibres are sprinkled all over the mixture uniformly. The mixing has been done with a shovel until the fibres are uniformly dispersed in the mixture. The mixture is spread out in the thickness of about 200 mm. Water has been sprinkled over the entire mix surface and simultaneously turned over. The mixing is continued till a good uniform, homogeneous fibrous concrete mix is obtained. 18



The weights of materials for preparation of mix to cast 6 cubes and 6 cylinders taken is Cement



390kg



Fine aggregate



791.64kg



Coarse aggregate



1065.68kg



Fibres content



27 gm-10kg cement by weight.



4.1CASTING of CONTROL SPECIMENS: The moulds of sizes 150mmx150mmx150mm, cylinders of size 150 mm diameters and 300mm length, are used for casting cubes and cylinders respectively. The moulds are cleaned and corners are pasted with mould oil. One coat of cutting oil is applied on the all internal surfaces. The moulds are filled in three layers. Height of each layer is about 1/3rd height of mould; each layer is compacted by giving blows with a tamping rod over the entire cross section uniformly. After filling and compacting the mould, the top surface are made smooth and kept for drying for a period of 24hours.



4.2 CURING: The test specimens shall be stored in a place, free from vibration, in most air of at least 90 percent relative humidity and at a temperature of 27 ± 2 degree centigrade for 24 hours ± half hour from the time addition of water to the dry ingredients. After this period, the specimens shall be.



4.2.1Curing of concrete: The process of keeping concrete in moist condition so as to enable it to gain full strength is called curing. It is necessary to ensure the presence of water of sufficient quantity for proper hydration. Hence the evaporation of water present in the concrete is arrested by keeping it in the moist conditions.
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Here wet curing method is adopted. All moulds and cylinders and control specimens are removed after 24 hours of casting from the moulds and kept in a tank containing full of potable water, for a period of 28 days. After 28 days, the moulds and control specimens are taken out from the tank and are kept for drying for about one day. Then the moulds and control specimens are used for carrying out the experimental investigations.



CUBES, CYLINDERS CURING TANK



4.2.2 Procedure: Specimens stored in water shall be tested immediately on removal from the water and while they are still in the wet condition. Surface water and grit shall be wiped off the specimens and any projecting fins removed. Specimens when received dry shall be kept in water for 24 hours before they are taken for testing. The dimensions of the specimens to the nearest 0.2mm and their weight shall be noted before testing.



4.2.3 Placing the specimen in the testing machine: The bearing surfaces of the testing machine shall be wiped clean and any loose sand or other material removed from the surfaces of the specimen which are to be in contact with the compression platens. In the case of cubes, the specimen shall be placed in the machine in such a manner that the load shall be applied to opposite sides of the cubes as cast, that is, not to the top and bottom. The axis of the specimen of the specimen shall be carefully aligned with the centre of thrust of the spherically seated platen. No packing shall be rotated gently by hand so that uniform seating may be obtained. The load shall be applied without that uniform seating may be obtained. The load shall be 20



applied without shock and increased continuously at a rate of approximately 140kg/sq cm/min until the resistance of the specimen to the increasing load breaks down and down and no greater load can be sustained. The maximum load applied to the specimen shall then be recorded and the appearance of the concrete and any unusual features in the type of failure shall be noted.



4.2.4 Calculation: The measured compressive strength of the specimen shall be calculated by dividing the maximum load applied to the specimen during the test by the cross- sectional area, calculated from the mean dimensions of the section (clause 4.5.1 of IS: 1199- 1959) and shall be expressed to the nearest kg per sq cm. Average of three values shall be taken as the representative of the batch provided the individual variation is not more than ± 15 percent of the average. Otherwise repeat tests shall be made. A correction factor according to the height/diameter ratio of specimen after capping shall be obtained from the curve shown. The product of this correction factor and the measured compressive strength, this being the equivalent cube strength of the concrete shall be determined by multiplying cube strength of the concrete shall be determined by multiplying the corrected cylinder strength by 5/4.



4.2.5 Report: The following information shall be included in the report on each test specimen 1) Identification mark. 2) Date of test. 3) Age of specimen 4) Curing conditions, including date of manufacture of specimen in the field. 5) Weight of specimen. 6) Dimension of specimen. 7) Cross-sectional area. 8) Maximum load. 9) Compressive strength, 10) Appearance of fractured faces of concrete and type of fracture, if these are unusual.



CHAPTER – 5 PRODUCTION of FIBRE REINFORCED CONCRETE: Quality control used to produce sound, durable conventional concrete applies also to fibre reinforced concrete. Not only the various ingredients used but also the proportioning, mixing, transporting, placing, curing etc, are responsible for attributing good as well as bad concrete.



5.1 COMPONENTS (Constituent materials) of FRC: 21



Fibre reinforced concrete is a composite material consisting of cement, aggregate, water, discrete discontinuous fibres and various additives. As the ingredients are responsible for producing good as well as bad concrete their contribution should be clearly understood. The two major components of fibre-reinforced cement composite are the matrix and the fibre. The matrix generally consists of Portland cement, aggregate, water and admixtures.



5.1.1 Cement: It is the main component of concrete, which has good adhesive and cohesive properties so as to render it to form a good bond with other materials. It solidifies when mixed with water. The most commonly used cement materials called ordinary Portland cement. Other types of cements that are available include high early strength cement, low heat cement, and sulfate- resistance cement. All these cement type can be used to produce fibre-reinforced concrete (Rafatsiddique, 2002).



5.1.2 Aggregates: Aggregates are inert materials, which give body to the concrete. Sand, crushed rock and gravel are some examples. The aggregates suitable for plain concrete can be suitable used in FRC. The aggregate are normally divided into two categories i.e. fine and coarse aggregate. Fine aggregate normally consists of natural crushed or manufactured sand. Natural sand is the usual component for normal light concrete. In some cases, manufactured lightweight particles are used for lightweight concrete and mortar. Heavy weight particles made of metallic components are sometimes used to produce heavy weight concrete for nuclear shielding purposes. Fine aggregate is needed for both fibre-reinforced concrete and mortar. Fibre-reinforced mortar is normally used for making thin-sheet items such as glass fibre-reinforced cement products and for fibre reinforced boards using either polymeric or natural fibres. The maximum size and size distribution of fine aggregates depends on the type product being made. For example, fine sand is generally used for manufacturing thin sheets and relatively small diameter pipes, whereas sand containing particles is used for shotcreting applications and for large diameter pipes with wall thickness exceeding 25mm. 22



Coarse aggregate can be normal-weight, lightweight or heavy weight in nature. Normal-weight coarse aggregate can be made of natural gravel or crushed stone. Lightweight coarse aggregates are generally made of expanded clay such as shale pumice or blast furnace slag. Concrete made with normal weight coarse aggregate weighs about 22.4KN/m3, whereas the structural lightweight aggregate weighs in the range of 14.6-17.8 KN/m 3. Nonstructural weight components such as boards or noise barriers can weigh as little as 3.2 KN/m3 (Rafat Siddique,2002).



5.1.3 Water-Reducing Admixtures: water reducing admixtures have become an integral part of fibre reinforced concrete. The addition of fibers to a cement matrix normally reduces the workability. But the advent of water reducing admixtures made it possible to maintain the workability of a fibre reinforced matrix without adding extra water. Since the addition of extra water reduces the reinforced matrix without adding extre water. Since the addition of extra water reduces the strength, increases the shrinkage and enhances the tendency to crack, resulting in the durability problems, it is always recommended to use minimum amount of water (RafatSiddique, 2002). There are two types of water reducing admixtures available they are reduce the water demand by 12% to 23%, high-range water-reducing admixtures or super-plasticizers, can be used to obtain flowable mixtures even at a water-cement ratio of 0.28. The high range water reducing admixtures have been successfully used for both cast-in-place concrete and shotcrete applications (RafatSiddique, 2002).



5.1.4 Mineral Admixtures: 23



The most commonly used mineral admixtures are fly ash and silica fume. Fly ash is used to improve the workability of fresh concrete to reduce heat of hydration, and to enhance permeability characteristic. Silica fume is added mainly to obtain high strength. Use of mineral admixtures, especially silica fume, became more popularly after the usage of high-range water-reducing admixtures. In the case of fibre reinforced concrete, these admixtures produce a denser matrix, resulting in better mechanical properties of the concrete. The addition of silica fume has been found to improve the bond between fibres and matrix, durability of fibres added to the concrete (RafatSiddique, 2002).



5.1.5 Other Chemical Admixtures: Air entraining and retarding admixtures have also been used in FRC. Air entrainment admixture is the most commonly used admixtures for exposed structures. Studies have shown that air entrainment is needed for exposed FRC structures such as pavements and linings, since FRC is as susceptible as plain concrete to freeze-thaw cycling as described by Balaguru and Ramakrishnan (1986). Accelerating admixtures are used when a reduction in the heat of hydration is needed.



5.1.6 Special Cements: Cementing materials other than Portland cement can also be used for fibre composites. There are primarily two classes of cementing materials in this category. The first consists of cementing materials developed for repairs. These are either blended Portland cements, such as rapid-set cement, or they are chemicals that can act as cementing agents themselves, such as magnesium phosphate, which can develop compressive strengths up to 40Mpa within an hour. Addition of fibres to these cementing materials was found to improve the shrinkage characteristics and ductility of the matrix as described by Balaguru (1992).



5.2 Mix Proportions: The constituent materials used for fibre reinforced concrete are cement, fine aggregates, coarse aggregates, water, admixtures, and fibres. The water-cement ratio is the main controlling factor for compressive strength. The other factors that control strength and workability are cement content, maximum aggregate size and gradation, air entrained air. In FRC the factors controlling workability are the fibre content and the fibre aspect ratio. Generally the aim is to obtain a mix that produces the required compressive strength, is workable, and has the minimum amount of cement. Since cement is the most expensive component in plain concrete, reduction of cement content usually results in better economy. 



Proportioning:



The proportioning of concrete mixed, most commonly referred to as “mix design” consists of two inter-related steps. a) Selection of suitable ingredients (i.e. cement, aggregates, fibres, water etc) of



concrete and 24



b) Determining their relative quantities



The water requirement varies with the type and nature of fibres. Water cement ratio of 0.4 to 0.6 and cement content of 2500 to 4300 N per metre cube are required to ensure proper dispersion of fibre and adequate paste content to coat large surface of fibres methods for obtaining the mix proportion of plain concrete are well established. The mix design procedure recommended by Indian Standard Code can be used. 



Mixing:



The primary object in mixing is the uniform distribution of fibres throughout the matrix. A collection of long thin steel fibres, usually with aspect ratios higher than 100, will interlock to form a mat or ball, during mixing. Once these balls have been formed, separation of these fibres becomes extremely difficult. Clumping is one of the main reasons of straight smooth fibres not being successfully used. Higher aspect ratios are needed to develop sufficient bond strength between fibre and metric. Even with aspect ratios of 100 or more, about 1.75- 2% volume fraction of fibres are needed to develop sufficient ductility. The combination of higher aspect ratio and higher volume fracture required for straight fibres makes mixing a very difficult task. Besides the aspect ratio, balling of fibres is afunction of fibre content, gradation of aggregate used in the mix, fibre shape, and the method and procedure used for the addition of fibres in the mixer. Larger aspect ratios and larger maximum-size aggregates reduce the volume fraction of fibres that can be added without balling. For a given fibre type, mixing becomes more difficult for fibres with higher aspect ratios. For a given aspect ratio, strong stiff fibres allow better mixing because they do not clump so easily. In the 1970’s the development of deformed fibres with better anchoring characteristics gave boost to the use of these fibres in concrete. The deformations gave better bonding. As a result, shorter length fibres could be used. Since anchoring was better and efficient, a smaller volume fraction of fibres could help in generating enough ductility. Clumped fibres should not be fed into the mixer. The possibility for clumping of fibres exists whenever (a) fibres are dropped from one conveyor belt to another, (b) the conveyor belts carrying the fibres bounce over rollers, (c) an overload of fibres reaches the sides of the mixing drum.



MIXING
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The mixing of fibres in concrete can be done by various methods. The most commonly used methods are a) Dry mix process b) Wet mix process 



Dry mix process:



To ensure proper dispersion, fibres are added before water, in mixing phase. This is done by blending the fibres and aggregates prior to charging the mixer or blending fine and coarse aggregates in mixer and then adding the fibres at maximum speed (12 rpm) followed by cement water and additives.



DRY MIX 



Wet mix process:



This process consists of adding the fibres after the conventional concrete has been produced. The fibres, in both processes may be added in small increments by hand or by “French fry basket” or by mechanical means using a steel fibre dispenser unit. The workability of fibre mix would depend on the volume of fibres and their aspect ratios. The mix is considered “unworkable” when “balling” of fibres occurs. This is the most common and serious problem in which the fibres knit themselves in the form of balls with little or no concrete between them. Several mixing sequences have been successfully used both in the laboratory and in the field. The following mixing sequences have been found to work efficiently for most of the mix proportions. Fibres can be added directly to the mixer once the other ingredients have been uniformly mixed. The fibres can be added normally, by emptying the containers into the truck hopper, or via a conveyor belt or blower either at the batch plant or at the job site. The mixer should rotate at full speed when the addition of fibres is in progress. After the fibre addition is complete, the contents should be mixed for at least another 45-55 revolutions.



Fibres can be added to the aggregates before charging into the mixer. The general practice is to add the fibres in the aggregates as they are moving on the charging belt. They can either be placed directly on top of the aggregates or be carried on a separate 26



belt that empties onto the charging belt. Fibres should be spread out as much as possible to avoid heavy concentrations. Fibres can be mixed by feeding them simultaneously with aggregates, cement, admixtures and about 76-85 percent of water. This can be achieved by slowing down the aggregate feed and adding the other ingredients. The most common mixing method for polymer fibre reinforced concrete is batch mixing. The fibres can be added simply to the wet mix directly from bags or feeders. It is recommended that concrete be mixed for at least 6-9 minutes after the addition of fibres. Transporting, placing and finishing techniques for polymeric fibrereinforced concrete are the same as those used for plain concrete. For some fibre types the slump values may be slightly less, but if vibration is used for compaction there should be not workability problems. The fibre concrete can be pumped using conventional equipment used for plain concrete. Excess water should be avoided because fibres that are lighter than water may tend to float. Occasionally, certain fibres tend to produce a hairy finish. This can be avoided with proper finishing techniques.



WET MIX



5.3 Transporting:



Transportation and placement of FRC with steel fibres can be done with conventional equipment. Trucks carrying concrete with higher fibre contents should not be loaded to their full capacity, and it should be limited to about 75-85 % Fibre reinforced concrete is more cohesive than plain concrete and more power is needed to rotate the drum. Hence, the reduced load will help not only to reduce the total weight but will maintain
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proper rotation of the drum. The same is true for pan mixers used in plants making precast concrete. A good quality FRC mix barely slides down the chute when discharge from the mixer. Slope of the chute is increased slightly for easy discharge. When the mix is stiff, it has to be pulled down manually. The addition of high-range water-reducing admixture (HRWRA) solves this problem to a great extent. When FRC is transported through long vertical access shafts, concrete cannot be dumped on the hopper. Fibre may totally block the pipe. Vibrating the concrete in the hopper with an immersion vibrator will make the concrete fluid enough to facilitate flow. This method has been successfully used in the field.



TRANSPORTING 5.4 Placing: The fibrous concrete should be placed as nearly as possible in its final position. It should not be placed in bulk at one point and allowed to be worked over a long distance as it results in fibre and aggregate segregation. Fixed- from and slope-form paving machines can also be used for the placement of fibrous concrete. For consolidation FRC, usual methods of compaction such as shutter or table vibrator can be used. However needle vibration is not recommended with higher volume content of fibres since the holes left by needle may remain unfulfilled due to the interlocking effect of the fibres. Table vibration has been shown to be beneficial in the sense that the fibres tend to align themselves in planes perpendicular to the direction of vibration. This gives a random planer orientation which is more efficient than a three dimensional random orientation. This type of behavior under table vibration can be put to good use in pre-cast products by arranging the compaction such that the fibres are arranged in the most beneficial direction. Consolidation can also be done by spinning, as in the case of poles and piles or by using spray suction technique as in the production of thin roofing element and wall panels. Fibrous concrete placed should be screened to consolidation. The excess concrete may be striken off by manual and mechanical means used. Soon after the screeding, the concrete surface should be floated by conventional steel. Brooming the concrete with steel hairbrush can scare the concrete surface. In no case wet brush should be used as the fibres may stick to the brush and come out. 28



PLACING



5.5 Finishing: Minor adjustments are required in finishing FRC compared with plain concrete. Open slab surface should be struck off with a vibrating metals screed with slightiy round edges. A “jitterbug” can be used in areas inaccessible to vibrating screeds. Chamfers or rounds are provided at edges and corners to prevent protrusion of fibre ends. Magnesium floats can be effectively used to close the open areas caused by the screeds. Wood floats normally leave rough surfaces with some fibres on the surface. For certain applications such as pavements further finishing is generally required, if a texture is required for skid resistance, a broom or roller is used before initial set. Larger floats provide flatter and better finishes and should not be moved on edges when finishing. Otherwise they will pick up and move the fibres. Loose fibres on the finished surface should be removed because they are a potential hazard, especially on airport runways used by high-speed jets. The fibres may become airborne missiles that result in injures. With very careful workmanship, FRC can be finished to any desired smooth and flat surface.



FINISHING



5.7 Curing: The standard methods and techniques of curing should be used for fibrous concrete products. Concrete can be kept moist by sprinkling and ponding, use of moisture retention covers, or by a steel coat of curing compound.
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CURING



5.8 Quality control:



All the ingredients are carefully and accurately measured to ensure uniform batches of fibrous concrete of proper proportion and consistency. Workability characteristic of a properly designed fibrous concrete are almost same as conventional concrete with equal slump. If varying amount of moisture is present in the aggregate proper allowance is made. Special care is taken to remove all water from the mixer before rebatching. High cement factors normally used for fibrous concrete will accelerate the setting time and should be accounting for,during mixing and placing. Uniformity of fibre distribution is assessed by taking samples washing and collecting fibres in the samples.



QUALITY CONTROL
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5.9 Compacting: The test specimens shall be made as soon as practicable after mixing, and in such a way as to produce full compaction of the concrete with neither segregation nor excessive laitance. The concrete shall be filled in to the mould in layers approximately 5cm deep. In placing each scoopful of concrete, the scoop shall be moved around the top edge of the mould as the concrete, the scoop shall be moved around the top edge of the mould as the concrete slides from it, in order to ensure a symmetrical distribution of the concrete within the mould. Each layer shall be compacted either by hand or by vibration as described below. After the top layer has been compacted, the mould using a trowel and covered with a glass or metal plate to prevent evaporation.



COMPACTING 



Compacting by hand:



When compacting by hand the standard tamping bar shall be used and strokes of the bar shall be disturbed in a distributed in a uniform manner over the cross-section of the mould. The number of strokes per layer required to produce specified conditions will vary according to the type of concrete. For cubical specimens, in no case shall the concrete be subjected to less than 35 strokes per layer for 15cm cubes or 25 strokes per layer for 10cm cubes. For cylindrical specimens, the number of strokes shall not be less than thirty per layer. The strokes shall penetrate in to the underlying layer and the bottom layer shall be rod throughout its depth. Where voids are left by the tamping bar, the sides of the mould shall be tapped to close the voids.



COMPACTION BY HAND
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Compaction by vibration:



When compacting by vibration, each layer shall be vibrated by means of an electric or pneumatic hammer or vibrator or by means of suitable vibrating table until the specified condition is attained.



COMPACTION BY VIBRATOR 



Capping specimens:



The ends of all cylindrical test specimens that are not plane within 0.05mm shall be approximately at right angles to the axis of the specimens. The plane of the cap shall be checked by means of a straight edge and feeler gauge, making a minimum of three measurements on different diameters. Caps shall be made as thin as practicable and shall not flow or fracture when the specimen is tested. Capping shall be carried out according to one of the following methods. 



Neat cement:



Test cylinders may be capped with a thin layer of stiff, neat Portland cement paste after the concrete has ceased setting in the moulds, generally for two to four hours or more after moulding. The cap shall be formed by means of glass plate not less than 6.5mm in thickness or a machined metal plate not less than 13mm in thickness and having a minimum surface dimension at least 25mm larger than the diameter of the mould. It shall be worked on the cement paste until its lower surface rests on the top of the mould. The cement for capping shall be mixed to a stiff paste for about two or four hours before it is to be used in order to avoid the tendency of the cap to shrink. Adhesion of paste to the capping plate may be avoided by coating the plate with a plate with a thin coat oil or grease.



NEAT CEMENT 32







Sulphur:



Just prior to testing, specimens may be capped with a sulphur mixture consisting of 2 or 3 parts sulphur to 1 part of inert filler, such as fire-clay. The specimens shall be securely held in a special so that the caps formed have true plane surfaces. Care shall be taken to ensure that the sulphur compound is not over-heated as it will not then develop the required compressive strength. Sulphur caps shall be allowed to harden for at least 2 hours before applying the load. 



Hard plaster:



Just prior to testing, specimens may be capped with hard plaster having a plasters are generally available as material. The cap shall be formed by means of a glass plate not less than 13mm in thickness, having a minimum surface dimension at least 25mm larger than the diameter of the mould. The glass plate shall be lightly coated with oil to avoid sticking. As soon as possible after the concrete is mixed, a mortar shall be gauged using a cement similar to that used in the concrete and sand which passes IS sieve 30 but is retained on IS sieve 15. The mortar shall have water/ cement ratio not higher than that of the concrete, of which the specimen is made, shall be of a stiff consistence. If an excessively wet mix concrete is being tested, any free water which has collected on the surface of the specimen shall be removed with a sponge, blotting paper or other suitable absorbent material before the cap is formed.
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EXPERIMENTAL INVESTIGATION 6.1 MATERIALS AND PROPERTIES 6.1.1General: Experimental investigation was planned to provide sufficient information about the characteristics strength of material.



6.1.2 Materials: Cement: OPC of Ultra tech 53 grades is used. The physical properties of cement are shown in table



Table-6.1.3 Physical properties of cement S.NO



PROPERTY



VALUES



1



Fineness



225m2/kg



2



Specific gravity



3 4



5



Normal consistency Setting Time 1.Initial setting time 2.Final setting time Compressive strength 3 days 7 days 28 days



3.0 33% 45min 6hours



32N/mm2 46N/mm2 58N/mm2



Fine aggregate:River sand from local source was used as fine aggregate. The specific gravity of sand is 2.6 other details are presented in table



Table-6.1.4 Physical Properties of Fine Aggregate 34



S.NO



PROPERTY



VALUES



1



Specific gravity



2.6



2



Fineness modulus



2.73



3



Bulk density Loose state Compacted state



15.5KN/m3 16.05KN/m3



4



Grading of sand



Zone-2



Table-6.1.5 Sieve Analysis of Fine Aggregate S.NO



IS SEIEVE



1 2 3 4 5 6 7



10mm 4.75mm 2.36mm 1.18μ 600 μ 300 μ 150



WEIGHT RETAINED



0 6 32 154 394 330 80



Fineness modulus = 273/100 =2.73
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% WEIGHT RETAINED



0 0.6 3.2 15.4 39.4 33.0 8.0



CUMULATIVE % WEIGHT % PASSING RETAINED



0 0.6 3.8 19.2 58.6 91.6 99.6 273



100 99.4 96.8 80.8 41.4 8.4 0.4



Table-6.1.6 Physical Properties of Coarse Aggregate S.NO



PROPERTY



1



VALUES



Specific gravity Bulk Density Loose state Compacted state



2



2.74 14.47KN/m3 15.53KN/m3



3



Water Absorption



0.5%



4



Crushing value



21.43%



5



Impact value



15.5%



6



Fineness modulus



2.29%



Table 6.1.7 Shows the Details about Sieve Analysis of 10mm Coarse Aggregate S.NO



IS SIEVE



WEIGHT RETAINED



% WEIGHT RETAINED



CUMMULATIVE % WEIGHT RETAINED



1



20mm



0



0



0



100



2



12.5mm



0



0



0



100



3



10mm



1126



22.52



22.52



77



4



4.75μ



3874



77.48



100



0



122.52



Fineness modulus = 122.52/100= 1.22
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%PASSING



Table-6.1.8 Shows the Details about Sieve Analysis of 20mm Coarse Aggregate WEIGHT RETAINED



% WEIGHT RETAINED



CUMMULATIVE % WEIGHT RETAINED



%PASS -ING



S.NO



IS SIEVE



1



40mm



0



0



0



100



2



20mm



350



7



7



93



3



12.5mm



4650



93



100



0



4



4.75μ



0



0



0



0



107



Fineness modulus = 107/100= 1.07



6.2 TEST SET UP AND TESTING: 6.2.1 Cube Compressive Strength Test: The set up for conducting cube compressive strength is depicted in plate compression test on the cubes is conducted on the 3000KN AIMIL- make digital compression testing machine. The pressure gauge of the machine indicating the load has a least count of 1KN. The cube was placed in the compression- testing machine and the load on the cube is applied at a constant rate up to the failure of the specimen and the ultimate load is noted. The cube compressive strength of the concrete mix is then computed. A sample calculation foe determination of cube compressive strength is presented. This test has been carried out on cubes specimens at 7 days, 14 days, and 28 days age. Also calculated the percentage change in compressive strength to various concentrations.
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COMPRESSIVE TEST



Compressive strength of cubes M30 (Mpa): N/mm²



Different variations



7 days N/mm2



14 days N/mm2



28 days N/mm



Ist proportion: C: F.A: C.A: W/C Plain proportion (M30)



32.75



36.18



38.88



34.13



39.44



43.55



IInd proportion C : F.A : C.A : W/C : RECRON Fibre proportion (M30)
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6.2.2 Split Tensile Strength: This test is conducted on 3000kN AIMIL make digital compressive testing machine as shown in plate. The cylinders prepared for testing are 150mm in diameter and 300mm long. After nothing the weight of the cylinder, diametrical lines are drawn on the two ends, such that they are in the same axial plane. Then the cylinder is placed on the bottom compression plate of the testing machine and is aligned such that the lines marked on the ends of the specimen are vertical. Then the top compression plate is brought in to contact at the top of the cylinder. The load is applied at uniform rate, until the cylinder fails and the load is recorded. Form this load, the splitting tensile strength is calculated for each specimen. A sample calculation for computation of split tensile strength is presented. In the present work, this test has been conducted on cylinder specimens after 7, 14, 28 days of curing.



SPLIT TENSILE TEST Split Tensile Strength of Cylinders M30 (Mpa): N/mm² 39



28 days N/mm2



Different variations Istproportion: C : F.A : C.A: W/C



3.04 Plain Mix (M30) IInd proportion: C: F.A: C.A: RECRON Fibre Mix (M30)



W/C: 3.43



CHAPTER – 7 CONCLUSIONS AND SCOPE FOR FURTHER STUDY 7.1.CONCLUSIONS: Based on the results obtained in the present investigation in Chapter 5, the following conclusions can be drawn. 1. Presence synthetic recron fibres shows the different variations in 7days, 14 days, 28 days. 2. Presence of with required proportions of recron fibre results increase in



compaction factor. 3. The presence of recronfibers shows increase in the split tensile strength test. 4. Presence with recron fibres results increase in slump test. 5. The presence of recronfibers decreases the workability there by increasing the



strength of the concrete. 6. Presence of plain proportion without adding fibrous material in binding



material (cement) shows decrease in test result less than target mean strength. 7. Presence of with required proportions of recron fibres in binding materials



(cement) shows 12% increase in test result compared to the plain proportion.



7.2.SCOPE FOR FURTHER STUDY: 40



The following aspects can be taken up for further investigation. 1. Similar studies can be carried out on other concrete like metakaoline, rice husk etc. to access and analyze the effect of chemical admixture substances on the compressive strength, split tensile, flexural strength with a special attention on the durability. 2. The effect of other similar different chemical dosages and biological substances, which are not covered in this research, on the setting properties of cement and strength of concrete can be investigated. 3. The effect of the above substances on the compressive strength , split tensile and flexural strength of cement concrete with a special attention on durability of concrete beyond 60 days and also 90 days can be also be studied. 4. The effect of different treated industrial effluent waters can be tested to utilize the waste for cement construction with certain limitations. 5. Similar studies can be carried out on other engineering properties of concrete like shear strength. 6. Similar studies can be carried out on the engineering properties of cement concrete like compressive strength, tensile strength, shear strength and flexural behavior. 7. The effect of increase of dosage of recronfiber resulting in increase in strength can also be further investigated.
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