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ABSTRACT
Fire represents one of the most severe environmental conditions to which structures may be subjected and, hence, the provision of appropriate fire safety measures for structural members is an important aspect of design.

In the present study, the influence of temperature level and time on the mechanical behavior of concrete has been investigated. The concrete mixes of M-35 and M-45 grade are produced. These mixes are used to prepare 48 cubes (100x100x100 mm) and 48 cylinders (150mm diameter and 300mm height). These cubes and cylinders are cured for 28 days. After standard curing period, specimens are dried at room temperature and then the specimens are kept in laboratory for one day before exposing to 300,500 and 800º C for 1 and 3 hours. Then the mechanical properties are determined, which includes: Compressive strength, Split Tensile strength, Loss in Mass, Rebound number and Ultrasonic Pulse Velocity.  It is concluded that compressive and split tensile strength of the specimen are reduced after high temperature exposure. Also the width of crack increases with the rise in temperature.

Chapter 1

INTRODUCTION

In present scenario we people are surviving under many kinds of natural (Earthquakes, Floods, Fire etc.) and man-made threats (blasts etc.), both kinds of threats include “FIRE”. As a structural engineer we are supposed to make our structures perform better against fire. In the case of unexpected fire, the building concrete elements such as columns, slab and walls will be subjected to extreme temperatures. In order to assess the performance of high-rise reinforced concrete members it is important to understand the changes in the concrete properties due to extreme temperature exposure. Since the high-strength concrete produced may contain various binder materials in addition to cement, it is also becoming necessary to investigate the influence of the binder material type on the concrete properties under elevated temperature exposure.

Objective:

The main objective of this project is to study the mechanical properties of high strength concrete subjected to high temperature as in case of fire. It consists of following point -
1) Procurement of material in the lab.

2) To prepare the design mix.
3) To make the specimens of concrete  cubes and cylinders 
4) To place the cured specimens in the electric furnace at different temperature and for various span of time.

5) To perform the destructive and Non-destructive tests on the thermally exposed concrete specimens.

6) To observe the change in mechanical behavior of concrete.

With this objective, literature has been reviewed, which is depicted in the successive chapters.

Chapter 2

LITERATURE REVIEW

Concrete is the most versatile building material which shows remarkable resistance to fire damage and such damage can be repaired depending upon the intensity and duration of exposure to fire. In order to study the influence of elevated temperature on concrete, the following literature has been reviewed. 

2.1 GENERAL

Fire-induced collapse of the World Trade Centre in New York, USA with heavy casualties has high-lightened the importance of the performance of construction materials at elevated temperatures. Engineering properties such as strength and stiffness and the thermal properties such as conductivity and expansion of these materials have to be understood by the designers when selecting the alternative materials. There is no doubt that high thermal conductivity and expansion of steel in addition to losses in strength and stiffness have contributed to the collapse of the towers in front of millions of viewers within a relatively short period after the terrorist attack. The obvious question, now being asked by many, is that what could have been the performance of these towers if concrete was used instead of steel? Is it reasonable to expect better performance with reduced number of casualties without collapse? It is no doubt that the owners of the high-rise buildings, the developers and designers of high-rise buildings wish to find answers to these questions. In search of the answers for these questions, it is necessary to understand the effects of extreme temperature exposure on the properties of concrete used in the construction of high rise buildings. The trend of utilizing high-strength concrete reduced the thickness of the columns as well as increased the attainable building heights. Thermal conductivity is an important property of concrete since it controls the propagation of heat in a concrete element. The cover to steel reinforcement acts as the barrier and helps to control the heat conduction through the steel reinforcement. Based on the research reported by Malhotra (1956) and Marshall (1972) the following conclusions can be drawn. The thermal conductivity of concrete is reduced with the loss of moisture during heating. The aggregate type used in a concrete mixture has significant influence on conductivity. Concrete with lower cement paste content as in the case of high- Strength concrete can be expected to have a lower thermal conductivity than for lean concrete mixtures. Binder material type influences the thermal conductivity in so far as water release occurs at high temperature from the paste containing cement supplementary material such as blast-furnace slag. 
Malhotra (1956), Zoldners (1960), Davis (1967), Abrams (1971), Faiyadh (1989), Khoury (1992), and Noumowe et. al. (1994) had reported the effects of high temperature exposure on the properties of concrete. Several mechanisms have been identified for the deterioration of concrete due to high temperatures. These include decomposition of the calcium hydroxide into lime and water, expansion of lime on re-hydration, destruction of gel structure, phase transformation in some types of aggregate, and development of micro-cracks due to thermal incompatibility between cement paste matrix and aggregate phase. High strength concrete compared to medium strength concrete is more brittle; contains less water; and the solid particles are more compact. Hence, the effects of high temperature on high strength concrete will be different to those with the medium strength concrete. Sri Ravindrarajah (1998) studied the effect of temperature up to 800oC and method of cooling on the compressive and tensile strength of high-strength concrete. 

The binder material used in high-strength concrete mixtures varies widely since the performance based specification for concrete allows the utilization of cement supplementary materials such as fly ash, blast furnace slag and silica fume in the concrete mixtures. Research into the properties of high-strength concrete in relation to the influence of mix compositions of concrete on its properties were reported elsewhere (Sri Ravindrarajah (1992), Sri Ravindrarajah et. al. (1993, 1994, 1995, 1998)). 

2.1.1 ESSENTIALS OF CONCRETE BEHAVIOUR

There are two principal effects of fire on structural concrete: 

· Loss in strength of matrix by degradation of hydrate structure, this occurs at various stages from 300ºC upwards but the main losses are seen at 500ºC plus.

· Cracking, Spalling and ‘shelling’ of the outermost concrete. This can be occur with most concretes but the extent and rate is influenced by aggregate type, moisture content , concrete quality, fire severity and imposed stress condition.

The overall behaviour of concrete in a fire is the result of the complex interaction of the mechanism of strength loss and spalling. Although there has been considerable research on concrete in fires and individual mechanisms identified and understood, the complexity of the interactions makes precise prediction of behaviour of concrete in structures extremely difficult.

2.1.2 STRENGTH LOSS IN THE CONCRETE MATRIX
Strength loss in the concrete matrix has been researched but some divergences in the detailed conclusions are found in references. While individual mechanisms can be identified in specific matrix components, e.g. the breakdown of hydrates in any one type of cement, the verity of processes creating change in materials properties and their interactions in different specific values and consequences from the different researches. The broad temperature over which the changes occur and their effects on concrete properties, discussed below, should, however, be sufficient to estimate overall performance and evaluate damage.

On initial heating concrete will first lose absorbed, free or ‘evaporable’ water then bound or absorbed water. This loss of water may induce micro cracking and some consequent loss in compressive strength, possibly up to 10%. From 150 ºC upward some degradation loss of water from silicate hydrate and from portlandite (calcium hydroxide) can occur but above 300ºC the loss of bound water from the hydration products become more prominent and further strength loss will occur. With increasing temperature the strength loss continues in the silicate hydrate and, at 350-400ºC, in the calcium hydroxide by dehydration to form calcium oxide. It also suggested that the formation of calcium oxide can result in post-fire damage should the calcium oxide react with water, such as from fir extinguishing efforts, causing swelling and cracking. By approximately 500 ºC is considerable loss in strength has occurred – variously recorded as 50 to 75% of original strength- the temperature in the range 550-600ºC has variously been taken as the upper limit for retention of any useful strength in the concrete. However, degradation process and losses continue to take place up to 850-900ºC. The strength loss does not appear to be uniquely defined and research outputs vary in the extent of loss recorded, but reduction of the order of 70 to 80% are quoted where the concrete becomes loose and friable.

A similar scale of change is found in concrete compressive modulus, over the same temperature ranges described above in relation to strength.

The type of cement is thought to have some influence on strength loss. For cements with fly ash or ground granulated blast furnace slag there is some suggestion that the lower quantities of free calcium hydroxide in the hydrated microstructure gives reduced losses on heating. However, for most Portland type cements, these differences are sufficiently small as to not affect the practical performance of the concrete and therefore cement types are not explicitly selected for fire resistance.

2.1.3 The influence of aggregate type

The contribution of aggregate type to spalling and section loss in both from the nature of the aggregate itself and the differences in temperature-related properties between aggregate and the surroundings matrix. It is commonly found that siliceous aggregate such as flint gravels give the poorest resistance to spalling. This is explained by being partly the result markedly different coefficient of thermal expansion between the aggregate and the content paste, particularly at higher temperatures and partly the result of a volume increase phase transformation (at approximately 570°C ) from α-quartz to β-quartz.

Limestone aggregate have generally been shown to give good fire resisting performance but not all design codes have found the evidence consistent to enough to give design guidance differentiating the performance. There are several reasons why limestone type aggregates can be expected to give improved resistance to degradation. First, the aggregate typically have lower coefficient of thermal expansion then siliceous aggregates and they are closures to that of cement paste, giving lower internal stresses on heating. There are also no solid-state phase changes in limestone aggregates within fir exposure conditions. On heating to temperatures in excess of 660°C calcium begin to breakdown similarly above 740°C for magnesium. On breaking down the minerals release carbon dioxide in itself endothermic reaction, but the released carbon dioxide is claimed to give blanketing protection against heat transfer. The residual aggregate particles also have lower thermal conductivity, further reducing heat transfer into the concrete.

Synthetic, sintered, lightweight aggregate can demonstrate very good performance in ‘dry’ building fires. The performance drives from the coefficient of thermal expansion compatibility with cement paste, the inherently high temperature stability of the aggregate and the good cement aggregate bond giving high strain to cracking failure. These lightweight aggregates have, however, shown poor performance in laboratory tests if they are kept saturated up to the test. It is not completely clear why this is, but is likely to be due to a combination of very high retained water content and the good-quality, low-permeability, cement matrix. This can lead to high internal pressure build-up due to steam generation, which is unable to dissipate sufficiently quickly due to the low permeability of the matrix. 

2.1.4 High-strength concrete

High-strength concrete is increasingly used for building structure world-wide. Although there is no fully agreed definition of when ‘high strength’ begins, many people take this to mean concrete of higher than grade C80 cube strength. The response of high-strength concrete to fire exposure appears to differ from that of lower strength in several ways. The higher strength concrete in fires tends to show greater strength loss earlier than other concrete

Of greater concern is that high-strength concrete appears more prone to explosive spalling than ‘normal’ concrete with a more rapid loss of section. The precise mechanisms for this behaviour are not fully reported. The understanding of concrete behaviour is less well reported than for normal concrete in building fires but it is thought probable that there is greater difficulty in vaporized moisture escaping from the fine pore structure concrete. Leading researchers claim that it takes a very long time for high-strength concrete to become dry enough, even inside a completed building, for spalling not to occur and in practice it may never achieve this condition. It has been suggested also that moisture released within the concrete by the breakdown of hydration products by heating may be sufficient to cause spalling.

2.1.5 BEHAVIOUR OF CONCRETE IN EXTREME FIRES

Concrete does not ‘melt’ in the majority of extreme fire conditions but it could do so in condition such as created by, for example, a thermic lance (steel burning in a pure oxygen environment). However, this is exceptional and is not normally considered in the design of reinforced concrete subject to hydrocarbon fires.

Rapid heat rise in concrete causes evaporation of free and physically bound water and, at higher temperatures, moisture loss by dehydration of cement hydrate. If the permeability of the concrete is insufficient to allow and adequate rate of dissipation, than the vapour pressure in the pores of the concrete will rise. A contribution to the low apparent permeability-resisting vapour dissipation is the vapour condensation further inside the concrete away from the fire. Once the vapour pressure rises to a critical level cracking and explosive spalling will occur.

This explosive spalling can occur after only a few minutes and rates are quoted in some reports of upto 3mm/min for normal-weight aggregate concrete and upto 8mm/min for light weight aggregate concrete. 

Other types of spalling such as local spalling and sloughing-off (gradual reduction of a cross-section) that have been observed in cellulosic fires are possible but explosive spalling seems to be the dominant form in an extreme hydro carbon fire.

Concrete subjected to high temperature will suffer loss of strength. The strength loss increases as the temperature increases and the both aggregate and the cement hydrates are affected. At the very high peak temperatures in a hydrocarbon fire the aggregate and cement hydrates may be completely destroyed. 

Many factors have an influenced on the performance of concrete in hydro carbon fire but those with a primary influence are:

1) The rate of temperature rise in the concrete.

2) The moisture content of the concrete.

3) The permeability of the concrete.

These factors are interlinked but there is some evidence to suggest that, at least for low-permeability concrete, sufficient vapour pressure for damage to occur can be generated by decomposition of cement hydration products alone, even where there is little or no free water within the concrete pores. This would mean that indoor concrete would never dry sufficiently for spalling not to be a problem and, that self-desiccation in concrete with a very low water/cement ratio would not alleviate the problem. 

The definition of satisfactory performance will be dependent on individual circumstances. Nevertheless, it is likely that the very high rate of temperature rise in a hydro carbon fire will cause explosive spalling and loss of section at high rate, particularly in high strength concrete and light weight aggregate concrete

2.2 MECHANICAL AND PHYSICAL PROPERTIES OF CONCRETE

The significant mechanical properties of concrete (compressive and tensile strengths and stiffness) are generally degraded when concrete is exposed to elevated temperatures. The level of degradation is influenced by many variables including concrete mixing, curing age before exposure to heat, and test conditions. The primary conditions include the following:

· Conditions of testing: whether the concrete is tested while hot or after cooling; whether it is quenched or allowed to cool slowly before testing.

· Conditions of loading during specimen heating: whether the concrete specimen is restrained during heating.

· Moisture content of concrete when heated.

· Prevention of moisture loss: whether free moisture is contained (sealed specimen) or allowed to evaporate during heating (unsealed specimen).

· Specifics of concrete mixture proportions, specimen size, degree of curing, and length of time the specimen was heated and allowed to stabilize before load testing.

Physical properties of concern to the behavior of concrete at elevated temperatures are thermal expansion, thermal conductivity, thermal diffusivity, and specific heat. These properties determine the nature of the heat transfer through the concrete and, as a consequence, affect its load beating and load transfer capabilities.

2.2.1 COMPRESSIVE STRENGTH

The compressive strength of concrete generally decreases with a rise in temperature. A review of the technical data, based mostly on laboratory testing, reveals the following:

a. There is less strength degradation in laboratory specimens tested under “hot “condition compared to those tested under “cold” conditions.

b. Sealed specimens lose more strength than unsealed ones. This is because the moisture is not allowed to escape during heating and subsequent testing.

The type of aggregates and mixture proportions influence the degradation in the strength of heated concrete. In particular, lean concrete (low cement content) shows a smaller reduction in the compressive strength than rich concrete Also, limestone aggregates degrade less than siliceous ones when the specimen is heated .thus, using high cement content mixtures to fabricate concrete tanks has a negative influence on its degraded strength.

2.2.2 TENSILE STRENGTH

The tensile strength of concrete (which is about 10% of its compressive strength at room temperature) tends to decrease with exposure to elevated temperatures. Generally speaking, the percent loss in tensile strength is comparable to the corresponding loss in the compressive strength.  This is mainly due to the differential expansion of paste and aggregates during the heating and cooling periods which result in cracking that materially affects the tensile strength of concrete specimens.  

2.2.3 STIFFNESS (MODULUS OF ELASTICITY)

The modulus of elasticity, Ec, which is the ratio of stress to strain, is an important parameter to describe the structural behavior of concrete components. At elevated temperatures, the modulus experiences a permanent reduction in its value. Like the strength parameter, several factors influence the value of the modulus of elasticity in laboratory specimens tested at high temperatures. The major factors include the method of test conditions (hot or cold) and prevention of moisture loss sealed or unsealed specimens).

2.2.4 POISSON’S RATIO

The variation of poisson’s ratio with elevated temperature can be assessed from axial, flexural and torsional test data.  General tendency for poisson’s ratio of concrete to decrease with increasing temperature due to loss of evaporable water in the mix 

2.2.5 STRESS-STRAIN RELATIONS

In addition to the variation in the modulus of elasticity, one needs to examine the stress-strain characteristics of concrete at the applicable elevated temperature.

The shape of the stress-strain curve of concrete does not change when it is heated. However , because of the induced degradation, the peak in the curve may be reduced and occur at a higher strain especially when the moisture path is constrained.

2.2.6 CREEP
Creep is defined as an increase in strain with time under a constant stress. It affects the distribution of stress and deformation in structural members, and may cause undesirable effects although in some situation creep is beneficial because it reduces stress concentrations around holes and defects. Creep in concrete is a function of the evaporable water and reduces to zero when no evaporable water is present. When a concrete test specimen is subjected to a low uniaxial load, it initially deforms elastically and then creeps if the load is sustained, the release of the load results in an elastic strain recovery followed by a creep recovery with time.  Typically, the recovered creep strain is smaller than the recovered elastic strain. The mechanism of creep in convert is believed to be mainly due to the deformation of the cement gel and the diffusion of absorbed moisture. In concrete, the magnitude of creep in compression is the same as that in tension at room temperature. The primary factors influencing the development of creep in concrete structures are the type of aggregates and the water/cement ratio. For example, concrete made using sandstone aggregates exhibits three (3) times more creep than that made using limestone aggregates. 

2.2.7 SHRINKAGE

Shrinkage in concrete occurs because of drying and autogenous volume change. Several factors influence the amount of shrinkage including the type of aggregates. Richness of mixture, consistency etc. shrinkage strain in massive concrete members is lower than that in smaller members where moisture loss to the external environment is more sever. High shrinkage occurs when the bulk of the capillary-held water in the concrete mix is lost at ambient temperature. Therefore, the shrinkage does not play a major role in assessing the structural behavior at elevated temperatures.

2.2.8 COEFFICIENT OF THERMAL EXPANSION

The mean coefficient of thermal expansion represents the change in length per unit length per degree of temperature change in going from ambient to the indicated temperature. A relatively lower value of α means lower induced thermal stress and strain. In concrete, the magnitude of the coefficient is influenced by the type of aggregates and moisture condition. A gravel concrete can have twice the thermal expansion coefficient of limestone concrete. This could be some consequence since the use of an aggregate with low thermal expansion significantly reduces the thermal stressing concrete due to elevated temperature. The coefficient of thermal expansion for concrete during the first cycle of heating is typically greater than for the cooling and subsequent thermal cycling, possibly due to the restraining compressive stresses after the first cycle of heating. Also, it should be noted that some aggregates (e. g., limestone) are anisotropic and possess different thermal expansion coefficients in different directions. For typical concrete materials, the coefficient varies in the range of 2.2 x 10-6 to 3.9 x 10-6 ºc with an average value of 3.1 x 10-6 ºc at room temperature. The coefficient of thermal expansion remains approximately constant through a temperature rise to 300ºc

2.2.9 THERMAL CONDUCTIVITY

Thermal conductivity is the ability of the material to conduct heat. It is measured by the rate of heat flux per temperature gradient In concrete. The thermal conductivity, k, depends on its composition (type of aggregates, hardened cement paste and void content) and degree of saturation. Generally speaking, quartzite aggregates give the highest thermal conductivity, limestone and granites give medium values, and basalts possess the lowest values .Concrete with high thermal conductivity is desirable because it permits rapid dissipation of the heat flux so that the thermal gradients through the thickness are minimized resulting in lower thermal stresses. A rises in temperature usually increases thermal conductivity of the hardened cement and decreases that of the aggregate; the net effect on the thermal conductivity of the concrete small.

2.2.10 SPECIFIC HEAT 

The specific heat, c, is a measure of the heat capacity of a material and is related to the thermal conductivity, k, and thermal diffusivity, h, by the expression, k = hcρ where ρ represents the mass density of the material. The values of the specific heat of concrete increase slightly with a rise in temperature Aging of concrete does not affect the magnitude of the specific heat but a loss of water from extreme drying may increase its value with time.

2.3 SPALLING
Spalling is the phenomenon whereby pieces of the hardened concrete surface exposed to fire break away explosively or fall-off during the course of rapid high temperature exposure. Observations from fire tests on concrete specimens indicate that spalling ranges from progressive, where minor pieces are dislodged and there is a gradual reduction in cross-section, to explosive, where test specimens are suddenly disintegrated into fine fragments, accompanied by a sharp loud bang and the release of a sufficient amount of energy which projects the broken concrete fragments in all directions at high velocity. HSC has been found to be more prone to spalling failure than NSC when exposed to relatively rapid heating (above 1ºC/min). From a review of the literature, it can be summarized that tendency for spalling is high when:

· Cover to reinforcement is increased, especially more than 50 mm;

· Moisture content of the concrete is high;

· The temperature rise of the fire is rapid;

· The concrete specimen/member is subjected to compressive stress;  

· The concrete specimen/member is subjected to high thermal gradient.

It has been theorized that the risk of spalling for (HSC) is higher due to the following reasons:

· Lower permeability of HSC, causing higher moisture content at the time of heating,

· Lower porosity of HSC, causing faster build up of pore pressures, and 

· HSC members are typically subjected to higher compressive stresses than lower strength concrete.

 There are conflicting results in the literature on spalling of HSC. Explosive spalling of HSC is observed on some tests, while others reported no difference to the behaviour of NSC.It was also observed that explosive spalling did not occur for every specimen tested under identical conditions.

[image: image2.emf]
Fig. 2.1 Explosive spalling of two lightweight aggregate concrete specimens (Ref. 1)
The reported temperature range when explosive spalling occurs is 300ºC to 650ºC. When compared with HSC made of normal weight aggregates, HSC made with lightweight aggregate appears to be more prone to explosive spalling. Concrete with dense pastes resulting from the addition of silica fume are more susceptible to explosive spalling. HSC specimens heated at higher heating rates, and larger specimens are also more prone to spalling than specimens heated at lower rates and of smaller size. Additionally it observed that explosive spalling occurs at a time when thermal gradient is at a maximum in the specimen. Whether spalling occurs or not in a particular situation and the extent of spalling have a random element in them.

2.4 EFFECTS OF ELEVATED TEMPERATURE ON HIGH-STRENGTH CONCRETE MATERIALS
 Starting in the 1980s concretes with increasing compressive strengths started to become commercially available and primarily utilized in the construction of high-rise buildings. Use of HSC* offered economic advantages because concrete column size could be reduced, thus permitting more usable space. It also had application in the construction of prestressed girders for bridge construction and other specialized applications in which high performance (e.g., low permeability) is required. Today concretes having compressive strengths up to 140 MPa and above can be produced, with strengths of 172 MPa and above attainable through use of special fabrication procedures. HSC is produced primarily through use of a relatively low water/cementitious ratio and incorporates silica fume. Because this leads to a reduced permeability relative to normal weight concretes, there has been a concern that the HSC may be more susceptible to explosive spalling under fire conditions due to the buildup of pore pressure in the cement paste. Because one of the primary applications of HSC has been to general civil engineering building structures, most recent research on elevated-temperature effects on concrete materials has shifted to an evaluation of the HSC materials under fire conditions. 

A comprehensive review on the performance of concrete when exposed to short-term, rapid heating, such as occurs in fires has are follow: 

· The material properties of HSC vary differently with temperature than those of NSC. The differences are more pronounced in the temperature range from 25°C to about 400°C, where higher strength concretes have higher rates of strength loss than lower strength concretes. 

· For unstressed and stressed tests of HSC, the variations of compressive strength with temperature are characterized by three stages: (1) an initial stage of strength loss (25°C to approximately 100°C), (2) a stage of stabilized strength and recovery (100°C to approximately 400°C), and (3) a stage above 400°C characterized by a monotonic decrease in strength with increase in temperature. HSC has a higher rate of compressive strength loss in the temperature range between 100°C and 400°C compared to NSC.

· For unstressed residual strength tests of HSC, the compressive strength vs temperature relationships are characterized by two stages: (1) an initial stage of minor strength gain or loss (25°C to 200°C), and (2) a stage above 200°C in which the strength decreases with increasing temperature.

 The strength recovery stage of higher strength concretes occurs at higher temperatures than lower strength concretes. Compressive strengths of HSC obtained from the stressed tests are higher than those obtained from the unstressed and unstressed residual strength tests in the temperature range of 25°C to 400°C. The application of preload reduces strength loss in this range of temperature. Varying the preload levels from 25 to 55% of the original compressive strength, however, does not cause significant difference in compressive strengths of HSC at elevated temperatures.

· HSC mixtures with silica fume have higher strength loss with increasing temperatures than HSC mixtures without silica fume.

· The difference between the compressive strength vs temperature relationships of normal weight and lightweight aggregate concrete appears to be insignificant based on the limited amount of existing test data.

· The tensile strength vs temperature relationships decrease similarly and almost linearly with temperature for HSC and NSC. HSC retains approximately 50% of its original tensile strength at 500°C, and NSC retains an average of 45% of its original tensile strength at this same temperature.

· Explosive spalling failure occurs more in HSC than in NSC specimens. The reported temperature range when explosive spalling occurs is from 300°C to 650°C. Factors that influence spalling include original compressive strength, moisture content of concrete, concrete density, heating rate, and specimen dimensions and shape.

· Concrete with dense pastes due to the addition of silica fume are more susceptible to explosive spalling. Likewise, HSC made with lightweight aggregate appears to be more prone to explosive spalling than HSC made of normal weight aggregate concretes. HSC specimens heated at higher heating rates and larger specimens are more prone to spalling than specimens heated at lower rates and of smaller size.

· The failure of HSC is more brittle than NSC at temperatures up to 300°C. With further increase in temperature, specimens exhibit a more gradual failure mode.

· A temperature of 300°C marks the beginning of a higher rate of decrease in modulus of elasticity for all concretes. Lightweight aggregate concretes retain higher proportions of the original modulus of elasticity at high temperature than normal weight aggregate concretes. The difference is more pronounced for unstressed residual strength tests than for unstressed tests.

2.5 CONCRETE MATERIALS FOR ELEVATED-TEMPERATURE

SERVICE

2.5.1 ELEVATED-TEMPERATURE CEMENTS

NSCs using Type II Portland cement have somewhat limited use for high-temperature applications for the reasons cited previously. Refractory concretes, using Portland cement as the binder, perform poorly when thermally cycled in the presence of moisture, especially when cycled to temperatures above ~430°C. (Adding a fine siliceous material to react with the calcium hydroxide formed during hydration is helpful in alleviating this problem.) Portland cement binders are rarely used for applications above 650°C; hydrothermal, calcium aluminate, or tricalcium aluminate cements are required for such applications. Hydrothermal (non-Portland) cements have been developed for lining oil wells, but they are also potentially suitable for other applications in which heat may be deleterious to normal concrete materials. The materials are basically polymer silicates whose cure initiates at an activation temperature dependent on material formulation. After curing, the cements are capable of withstanding service temperatures of up to 538°C (up to 1093°C in certain formulations) without alteration of physical or mechanical properties. Additionally, the material system can be formulated to obtain (1) compressive strengths of 68.9 to 137.9 MPa, (2) excellent adhesion to metals except for aluminum, (3) good resistance to aggressive environments, (4) low permeability, and (5) material system costs comparable with those of special Portland cements. However, the available data generally are limited to those supplied by the manufacturer. Aluminous or high-alumina cement is hydraulic cement used to make concrete in much the same manner as normal Portland cement. Calcium aluminate cement is made by grinding a compound formed by fusion or sintering of (1) high-iron bauxite and limestone (low purity), (2) low-iron bauxite with limestone (intermediate purity), or (3) aluminum hydroxide and hydrated lime (high purity). Although composition varies, a chemical analysis of representative cements shows the principal oxides to be as follows: CaO, 35 to 44%; A12O3, 33 to 44%; SiO2, 3 to 11%; and Fe203, 4 to 12%. The principal products of hydration at room temperature are calcium-aluminate hydrates and some colloidal a1umina. The high-alumina cements (1)exhibit rapid strength gains (up to 96.5 MPa in 24 h and 124.1 MPa in 28 d for a water-cement ratio of 0.5), (2) are resistant to aggressive environments, (3) may be used as refractory materials at temperatures up to 1800°C when special white calcium-aluminate cement is used with fused alumina aggregate, and (4) exhibit creep similar to that of normal concretes loaded to the same stress/strength ratio. However, the high-alumina cements (1) cost several times more than normal Portland cements, (2) must be protected against water loss during curing, (3) lose strength on exposure to hot moist environments unless a rich mix has been used, (4) are generally not compatible with many additives, (5) develop heat on curing ~2.5 times that of normal Portland cement (which may develop cracking and strength reductions in thick sections), (6) may lose workability rapidly after mixing, and (7) can contribute to accelerated steel corrosion. High-purity calcium-aluminate cements are used if high strengths are desired because they have superior resistance to CO attack, provide good workability without requiring water-reducing agents, and provide a high degree of refractoriness. Plasticizer additions generally reduce the strength of calcium-aluminate concrete mixes. The use of ca1cium aluminate cements for structural and load-bearing purposes is cautioned because of the complex chemical phenomenon known as conversion, which depends on time, temperature, and the presence of water. Conversion can cause a significant decrease in strength and an increase in permeability. The effects of conversion can be controlled in nonrefractory applications by employing mix designs and installation practices that enable the use of sufficiently low water-cement ratios.

2.5.2 HIGH-TEMPERATURE AGGREGATES

Many common coarse aggregates are unsuitable for high-temperature service because they contain quartz, which exhibits a large volume change at ~575°C. Accordingly, crushed stone and gravel-based aggregates suitable for use are limited to diabase traprock, olivine, pyrophylite, emery, and the expanded aluminosilicates (shales, clays, and slates). The latter can be used up to temperatures in the range of 1000 to 1150°C. In principle, all refractory grains may be used as aggregates, but in practice, most aggregates for refractory concretes contain mainly alumina and silica in various forms. The most widely used aggregates are probably calcined flint or kaolin containing 42 to 45% Al203 . Refractory aggregates such as crushed firebrick (30 to 45% Al2O3) are stable to temperatures of 1300°C. For temperatures up to 1600°C, aggregates such as fused alumina or carborundum can be used; for temperatures up to 1800°C, special white calcium-aluminate cement and a fused-alumina aggregate are required. Sand, gravel, and traprock aggregates are generally used in calcium-aluminate cement mixes for temperatures below 260°C. 

Chapter 3

MATERIALS and METHODS

3.0 MATERIALS USED FOR THE INVESTIAGTION: 

The Materials used for the manufacturing of Normal concrete and High  Strength concrete  and properties of various materials used  in the investigation are determined by  as per recommendations of BIS in the following paragraph.
3.1 CEMENT 

The shree ultra 43 grade cement (OPC) of one batch was procured in the laboratory .The determination of physical properties of the cement is carried out in laboratory is explained briefly in the following paragraph.

The chemical propertied of the cement was determined by shreeram Testing institute, Delhi by using spectro pnotometer 

             Table No. 3.1. Physical characteristics of cement 

	Sr. No
	Properties
	Referred Code
	Value
	Codal Requirement

	1
	Fineness (cm2/g)
	IS:4031(P-2)-1999
	2950
	222 Min

	2
	Specific Gravity
	
	3.15
	-

	3
	Soundness
	IS: 4031(P-3)-1988
	1.8
	30

	4
	Normal consistency
	
	29.5
	30

	5
	Initial Setting Time (min)
	IS:4031(P-5)-1988
	55
	-

	6
	Final Setting time (min)
	
	225
	600 Max


                   Table No.3.2 Chemical Properties of Cement 

	Sr No.
	Chemical
	Chemical compositions (%)

	1
	Loss of ignition 
	2.05

	2
	SiO2
	20.84

	3
	Al2O3
	3.85

	4
	Fe2O3
	5.4

	5
	CaO
	62.44

	6
	MgO
	1.4

	7
	SO3
	4.16

	8
	Free Lime
	1.49


3.2 AGGREGATES

An aggregate are the important constituent in concrete. They give body to the concrete, reduce shrinkage and effect economy. The mere fact that the aggregate occupy 70-80 per cent of volume of concrete, their impact on various characteristics and properties of concrete is undoubtedly considerable.

Coarse aggregates. For this study we procure the natural coarse aggregate from market and performed the two test namely specific gravity and Sieve analysis for gradation 

(A)Specific Gravity using Pycnometer is given by expression

Specific gravity = (W2 – W1) / ((W2- W1)-(W3 – W4))

= (1292 - 692) / ((1292 -692) – (1910 - 1517))

= 2.8

Where,

W1 = Wt. of empty Pycnometer = 692 gm

W2= Wt. of Pycnometer + Wt. of oven dried sand = 1292 gm

W3 = Wt. of Pycnometer + sand + water = 1910 gm

W4= wt. of Pycnometer + water. = 1517 gm

(b) Sieve Analysis

Table No.3.3 Sieve Analysis of Aggregate

	IS Sieve Size
	Wt. Retained kg
	Cumulative Wt.Retained kg
	Cumulative percentage .Retained
	Cumulative percentage passing

	20 mm
	6
	6
	40
	60

	10 mm
	5
	11
	73.3
	26.7

	4.75 mm
	4
	15
	100
	00

	2.36 mm
	--
	--
	100
	00

	1.18 mm
	--
	--
	100
	00

	600 micron
	--
	--
	100
	00

	300 micron
	--
	--
	100
	00

	150 micron
	--
	--
	100
	00

	
	( 15 kg
	
	(713.33
	

	Fineness Modulus = (713.33/100) =  7.133


Fine aggregate: For this study we procure the Badarpur sand form vendor as per BIS code for fine and coarse aggregates. We perform the sp. gravity, silt content and sieve analysis and bulking of sand .all test result on aggregates are follows

(B)Sand

(a)Specific Gravity using Pycnometer is given by expression

Specific gravity = (W2 – W1) / ((W2- W1)-(W3 – W4))

= (1310 - 692) / (1310 -692) – (1902 - 1517))

= 2.660

Where,

W1 = Wt. of empty Pycnometer = 692 gm

W2= Wt. of Pycnometer + Wt. of oven dried  sand = 1310 gm

W3 = Wt. of Pycnometer + sand + water = 1902 gm

W4= wt. of Pycnometer + water. = 1517 gm

(C)Bulking of sand

Free moisture forms a film around each particle this film of moisture exerts what is known as surface tension which keeps the neighboring particles away from it .similarly the force exerted by surface tension keeps every particle away from each other. Therefore, no point contact is possible between the particles. This phenomenon is called bulking of sand

 The bulking of fine aggregate is determined in laboratory using measuring jar. The result obtained is given in table no 3.4
            Table No.3.4 Observation Table of Bulking of Sand

	% of water
	Initial Reading (h1)
	Final Reading  (h2)
	Volume of Bulking

(H1–h2)/h1 x 100

	5 %
	200
	215
	6.97 %

	10 %
	200
	220
	9.09 %

	15 %
	200
	195
	2.56 %

	20 %
	200
	150
	1.33 %


(D)Silt content test.

In sand sample contain appreciable amount of clay as in that case silt and clay sized particles will stick to sand sized particles. The pipette testing is used for the determination of silt content in sand, The silt content in sand sample is given in table no 3.5
Table No.3.5 Silt content Test
	Sr.No.
	Silt above Sand height Sand
	Sand height below silt
	Silt Content

	1
	2 ml
	55
	(2/55)x100 =3.6%


(E) Sieve analysis

Sand sample: - Wt of sample 1000 gm

Table No 3.6 Grading zones for coarse and fine aggregate from natural sources for concrete (as per IS Code 383 : 1970)
	Sr. No
	IS Sieve Size in mm
	Percentage passing for
	Sand Sample

	
	
	Grading

Zone I
	Grading

Zone II
	Grading

Zone III
	Grading

Zone IV
	

	1
	10
	100
	100
	100
	100
	100 %

	2
	4.75
	60-95
	90-100
	90-100
	90-100
	100 %

	3
	2.36
	30-70
	75-100
	85-100
	95-100
	100%

	4
	1.18
	35-59
	55-90
	75-100
	90-100
	87.5%

	5
	0.600
	15-34
	60-79
	80-100
	80-100
	66.50 %

	6
	0.300
	5-20
	8-30
	12-40
	15-50
	26.40%

	7
	0.150
	0-10
	0-10
	0-10
	0-15
	3 %


Sand Sample Satisfy and confirming the Zone III As per IS 383:1970

Table No.3.7 Sieve analysis of sand sample.

	Wt of sample
	Sr.No.
	Sieve Size
	Wt. Retaind
	Wt. Passed
	% age Passing
	Requirement of Zone III Type

	1000  gm
	1
	10 mm
	0
	1000
	100 %
	100%

	
	2
	4.75 mm
	0
	1000
	100 %
	90-100

	
	3
	2,36 mm
	0
	1000
	100 %
	85-100

	
	4
	1.18 mm
	122
	878
	87.8 %
	75-100

	
	5
	600 micron
	213
	665
	66.50 %
	60-100

	
	6
	300 micron
	401
	264
	26.40 %
	12-40

	
	7
	150 micron
	234
	30
	3 %
	0-10


3.3 Admixture:
The admixtures is procured from the fosroc chemical ltd. as we expected that the slump value for water/cement ratio 0.45 and 0.35 is observed to be very low, so we used the fosroc admixture for workability test on concrete. In this study we take the 1.5 % wt of cement to get 100 to120mm slumps. 

3.4 Mix Design

According to IS: 456:2000 and IS: 1343-1980 the design of concrete mix should be based on the following factors:

· Grade of designation 

· Types of Cement 

· Maximum nominal size of aggregates

· Grading of combined aggregates

· Water- Cement ratio 

· Workability 

· Durability 

· Quality control.

3.4.1 Mix design calculation

1) Design stipulations: 

Compressive Strength = 35 Mpa

Degree of workability =0.90

Degree of quality control = Good

Types of Exposure = Very sever

2) Test Data for materials

Cement sp.gravity =3.15

Sp. Gravity of coarse =2.8

Sp gravity of fine sand=2.660

3) Target mean Strength = fs + K*S

    = 35+ 6.5*1.65

    =45.725

4) Water cement Ratio- = from graph of SP-23-1982 

The w/c ratio for 45.725 Mpa is 0.45 < 0.65

5) Selection of water content= from tables and graph of grading zone III of sand the water content is 186 kg + Adjustment 

= 186 + 5.58 = 191.58 kg

6) Cement content = W/C ratio is 0.45

Cement = 425.3 Kg

7) Determination of coarse and sand content= Taking 2% of amount of air in the wet concrete.

V= (W +(C/SP.G) + (1/p)*(FA/Sp.G)) * (1/1000)

FA=556.06 kg

AND CA =1248.3 Kg

Table No.3.8 Final mix proportion for concrete

	Water
	Cement
	Fine Aggregate
	Coarse Aggregate

	191.58
	425.3 kg
	556.06 kg
	1248.3 kg

	0.45
	1
	1.31
	2.99


Mix design of M-45
(1)Target mean strength of concrete,

                                 45+ [7*1.65] =56.55

(2) Selection of w/c ratio=0.35(assume)

= 180 kg/m3 [as per table no IS 10262]

As plasticizer is proposed we can reduced water content by 20% 

Now water content =180*0.8=144kg/m3

(3) Calculation of cement content

Cement content = 144/0.35=411.4kg/m3

(4) Sand as percent of total aggregate by absolute volume=25%

(5) Fine aggregate=425kg/m3

(6) Coarse aggregate = 1502kg/m3

	water
	Cement
	F.A.
	C.A

	0.35
	412
	425
	1502


	water
	Cement
	F.A.
	C.A

	0.35
	1
	1.03
	3.64


3.5 EXPERIMENTAL SETUP AND TEST PROCEDURE
In this study, an ordinary Portland cement 43 grade with specific gravity 3.15 was used as a cementations material. 

With specific gravity of 2.8 coarse aggregate and specific gravity of 2.66 fine aggregate used in the test and super plasticizer was used to achieve the required work ability (slump value 100 mm + 20 mm) of the concrete mixes.

Concrete mixes were prepared for two different grade m-35 and m-45 having w/c ratio 0.45 and 0.35 respectively.

The proportioning and description of concrete mixture are summaries in table (3.8) and table (3.8) fresh concrete mixtures were prepared in mixer. The sequence of mixing procedure was as follows

1. The aggregates were placed in the mixer and dry mixed for two minutes.

2. Half of the water with addition of superplasticizer was added to mixture and the mixture is run for two minutes.

3. Afterwards, cement and the remainder of water +superplasticizer were added to the mixer and the mixer was run for and additional two minutes. Total mixing time was six minutes for all concrete mixtures 

100mmx100 mm cube and 150mm diameter and 300mm height cylinder specimen were prepared for uniaxial compression strength and split tensile strength test.

Immediately after mixing and casting of concretes, the cube molds were stored in humidity room for 24 hrs at 95 % relative humidity and 20°C temperature. Then the cube and cylinder specimens were removed from the molds and cured in water for 28 days. At the end of the curing periods, all specimens were dried at room temperature for 24 hr. specimens were exposed to three temperature conditions(300,500 and 800C) in a furnaces after one day the furnace was heated up to inner temperature level in order to reach the prescribed temperature levels. After that the heat was applied for an additional 1, 3 hr before the sample were allowed to cool naturally to room temperature. The compressive strength, split tensile strength, mass loss, rebound no. and ultrasonic pulse velocity tests were perform on all specimens for each temperature level and each concrete mixture.

3.6 TEST ON FRESH CONCRETE

3.6.1 Workability Test: - workability defines as the property of concrete which determines the amount of useful internal work necessary to produce full compaction. Another definition which envelopes a wider meaning is that, it is defined as the “ease with which concrete can be compacted hundred per cent having regard to mode of compaction and place of deposition

Workability is carried out by conducting the slump test compaction factor test and cone penetration test on normal concrete .The slump in experiment were taken 100 to 120.

3.7 Test on Hardened concrete 

3.7.1 Mass Test: the mass test is performed on cube size 100x100x100 the electronic balance is used to determine the mass of cube sample of 2 grade of concrete. The details of test results is given in test result chapter 4 and it is shown in Graph 4.1.
3.7.2 Rebound hammer Test: Schmidt’s rebound hammer developed in 1948 is one of the commonly adopted equipments for measuring the surface hardness. Rebound hammer is performed because of it provide the quick inexpensive means of checking uniformity of concrete. The method is based on the principle that the rebound of an elastic mass depends on the hardness of the surface which it strikes. The test is fast and is unlikely to cause damage to the concrete
The rebound hammer is carried on the cube sample and rebound number is correlate with the compressive strength of concrete. The details of rebound number is given table No 4.4 and it is shown in fig.3.1
.

[image: image3.emf]
Fig.3.1  Rebound Hammer

3.7.3 Ultra sonic Pulse Velocity Test: Ultra sonic pulse velocity method which involved measurement of the time of travel of electronically generated mechanical pulses through the concrete. The basic principle of this method of testing is that the velocity of an ultrasonic pulse through concrete is related to its density and elastic properties. Some care is necessary when testing, but an experienced operator may obtain a considerable amount of information about a concrete member. The advantage of this method is that the pulse passes through the complete thickness of the concrete so that the significant defects can be detected. The pulse can be generated either by the use of an elecroacoustic transducer, elecroacoustic transducers are preferred as they provide better control on the type and frequency of pulses generated 

The unit which is used in work “PUNDIT’ (Portable ultrasonic Non destructive Digital Indicating Tester) .the direct transmit ion type of method is used. The all the test value obtained from the test is verified from the codal provision. The suggested pulse velocity is given in table No. 3.9 and it is shown in fig.3.2
Table No 3.9 Velocity criteria for concrete quality grading (As per IS : 13311 – Part I) in (m/sec)
	Pulse Velocity
	Concrete Quality control

	4575
	Excellent

	3660 – 4575
	Good

	3050 – 3660
	Questionable

	2135 – 3050
	Poor

	2135
	Very Poor


[image: image4.emf]
Fig. 3.2  USPV Test Equipment.

3.7.4 Compressive Strength Test: - The comp strength of concrete is one of most important properties of concrete .in most structural applications concrete is employed primarily to resist compressive stresses.
Cube of 100x100x100mm size is used to determine the compressive strength of the normal concrete the mix design we taken for the M35 and M45. The test result came from the 28 days are given in table no (4.5) and it is shown in figure no. (4.4  and 4.5) Specimens before failure and after failure are shown in fig. 3.5 and fig. 3.6 respectively and experiment setup is also shown in fig.3.3and 3.4.
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Fig. 3.3 Compressive Strength testing machine
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Fig. 3.4 Experimental setup for compression test
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Fig. 3.5 Specimen:Before failure
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Fig. 3.6(a)  Specimen: After Failure at Room temperature.
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 Fig.3.(b) : Specimen: After Failure at Elevated temperature.

3.7.5  Spilt Tensile Strength: Apart from the flexure test, the other methods used to determine the tensile strength of concrete can be broadly classified as direct and indirect method. The indirect method of test i.e. in general a compressive force is applied to a concrete specimen in such a way that the specimen fails due to tensile stresses. The magnitude of this tensile stress (acting in a direction perpendicular to the line of action of applied compression) is given by (2P/(3.14DL)), where, P is applied load, D and L are the diameter and length of cylinder. Due to the tensile stress, the specimen fails finally by splitting along the loaded diameter and knowing P at failure, the tensile strength is determined.

This ASTM test method covers the determination of the splitting tensile strength of cylindrical concrete specimens. This method consists of applying a diametral compressive force along the length of a cylindrical specimen. This loading induces tensile stresses on the plane containing the applied load. Tensile failure occurs rather than compressive failure. Plywood strips are used so that the load is applied uniformly along the length of the cylinder. The maximum load is divided by appropriate geometrical factors to obtain the splitting tensile strength

The spilt tensile strength is carried on the cylinder, and result obtained given in table    no (4.7) and it is shown in figure(4.6). Specimens before failure and after failure were shown in fig. 3.8 and fig. 3.9 and experiment setup us also shown in fig. 3.7
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Fig. 3.7  Experimental setup for spilt tension test.
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Fig.3.8 Top view of cylinder before failure
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Fig.3.9(a) Top view of cylinder after failure (at room temperature)
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Fig.3.9(b) Cylindrical specimen: After failure at room temperature.
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Fig. 3.9(c) Cylindrical specimen: After failure at elevated temperature.

Chapter 4

RESULT AND DISCUSSION

On the basis of experimental investigation, the results are discussed in the following paragraphs:

4.1 Colour of the concrete specimen:

The colour of the concrete specimens was changing with temperature and duration of heating. Upto 300ºC, the colour of the specimens was not change. However with the increase in temperature the specimen suffered noticeable change in colour. The natural grey colour changed into grey whitish. However the discoloration of concrete specimens may give the indication about the temperature and  duration of fire.

The change in color can be easily observed in following diagrams (Fig. 4.1 and 4.2 )

[image: image15.jpg]



Fig. 4.1  Specimen color before heating.
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Fig. 4.2   Specimen color after heating on more than 300ºC

4.2 Crack Pattern and Mode of failure:

It was observed that due to increase in temperature of the concrete specimen the minute cracks start at the edge and propagate towards the faces. The width of crack increases with the increase in temperature. At higher temperatures the sign of crumbling was also observed. Following figures show the crack pattern.
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Fig.  4.3 Specimen before heating (At room temperature) 
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Fig. 4.4 Specimen after heating (Temperature > 300ºC)
4.3. Loss  in Mass
When hardened concrete is heated gradually, the loss of weight appears to take place in the following three stages. In the first stage, called drying stage, evaporation of water from large capillaries and voids will take place. At the dehydration stage, which occurs between 100 and 600oC, loss of non-evaporable water from gel pores and small capillary pores will take place. This stage is accompanied with substantial shrinkage of concrete. In the final stage, decomposition stage, several changes will occur in the concrete system. Some aggregate such as calcareous aggregate dissociates by releasing carbon dioxide at temperature over 800oC. At the temperature above 800oC, the combined water form hardened paste will be released. This will cause the hardened paste to lose its cementing property and thus significantly reducing the hardened concrete properties. This process will be accompanied with significant shrinkage of cement paste as well as the loss in strength. Figure 4.1 shows the weight loss in specimens for all concrete mixtures as the function of the maximum temperature. With the increase of exposed temperature, the concrete showed increased weight loss. However, the relationship between the weight loss and maximum temperature is non-linear. The mass loss are shown in Table (4.1)

TABLE-4.1 Loss in mass for concrete specimens (in % of mass)
	
	
	CUBE SPECIMEN AT TEMPRATURE

	GRADE
	TIME
	20°C
	300°C
	500°C
	800°C

	M-35
	1

3
	0

0
	3.5

4.55
	5.62

7
	7.21

8

	M-45
	1

3
	0

0
	3.23

4.2
	5.601

7
	7.531

8.5


Table 4.2 : Notations used in graphs (For all successive graphs)

	S. NO.
	DESIGNATION
	DISCRIPTION

	1
	S1
	M-35, 1hr

	2
	S2
	M-35, 3hr

	3
	S3
	M-45, 1hr

	4
	S4
	M-45, 3hr
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Graph 4.1 : Mass Loss v/s Temperature
4.4  Ultrasonic pulse velocity test
Figure (4.2) shows the ultra sonic pulse velocity for all concrete mixtures as a function of the exposed temperature. Similar to the strengths, pulse velocity was decreased with the increase in temperature the value are shown in Table (4.3)
Table 4.3 Ultrasonic Pulse velocity for concrete specimen (in km/sec.)
	
	
	CUBE AT TEMPRATURE

	GRADE
	TIME
	20°C
	300°C
	500°C
	900°C

	M-35
	1

3
	3.320

3.309
	3.154

2.988
	2.656

2.49
	1.826

1.66

	M-45
	1

3
	4.12

4.09
	3.790

3.599
	3.172

2.993
	2.187

1.967
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Graph 4.2:  Relative Pulse velocity v/s Temperature
4.5 Rebound number

Figure (4.3) shows the residual rebound no for all concrete mixtures as a function of the exposed temperature. Similar to the strengths, rebound number was decreased with the increase in temperature the value are shown in Table (4.4)

Table 4.4 Rebound no. for concrete specimen
	
	
	CUBE AT TEMPRATURE

	GRADE
	TIME
	20°C
	300°C
	500°C
	800°C

	M-35
	1

3
	31.23

31.221
	27.52

25.61
	22.31

20.13
	16.8

14.58

	M-45
	1

3
	33.431

33.44
	48.86

45.45
	21.38

19.37
	17.13

14.61


[image: image21.png]——51
52
——53
——s4

1.2

0.8

© < o °
S S S

(N/’N) ¥38NNN ANNO83Y IAILYIIY

400 600 800 1000

200

TEMPERATURE (°C)





  Graph 4.3 : Relative Rebound Number v/s Temperature

4.6 Compressive strength

The compressive strengths of heated and unheated specimens are shown in Table 4.5 and Figure 4.4 shows the residual strength in relation to the original strength prior for all concrete mixtures as a function of the maximum exposed temperature. The compressive strength of the high-strength concrete dropped significantly as the maximum temperature was increased. The residual strength varied from 95 %to 79% of the corresponding initial strengths when the concrete was heated to the temperature was 300oC followed by cooling at room temperature. As the temperature was increased to 500oC, the residual strength was ranged from 39% to 51% of the unfired strength. Beyond 600oC, the strength continued to drop significantly and at 800oC , the residual strength ranged from 10% to 25% of the unfired strength . Reduction in compressive strength values of concrete with M-35 were low compared to that of specimens with M-45.

Table 4.5 : Compressive Strength of Concrete specimens (in N/mm2)
	
	
	CUBES AT TEMPRATURE

	GRADE
	TIME
	20°C
	300°C
	500°C
	800°C

	M-35
	1

3
	43.56
43.57
	41.38
34.85
	22.65
21.78
	10.89

5.66

	M-45
	1

3
	56.82

56.83
	48.86

45.45
	28.41

22.73
	8.52
5.68



Graph 4.4 Relative compressive strength v/s Temperature

Graph 4.5 shows variation of relative stress (the ratio of stress at certain elevated temperature to that of at room temperature) for M-35 and M-45 grades.
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Graph 4.5 : Relative Compressive Stress v/s Strain

Table 4.6 : Description of notations for Graph 4.5 

	S. NO. 
	DESIGNATION
	DISCRIPTION

	1
	A1
	M-35, 3hr, 300°C
	

	2
	A2
	M-45, 3hr, 300°C
	

	
	
	
	

	3
	A3
	M-35, 1hr, 300°C
	

	4
	A4
	M-45, 1hr, 300°C
	

	5
	A5
	M-35, 3hr, 500°C
	

	
	
	
	

	6
	A6
	M-45, 3hr, 500°C
	

	7
	A7
	M-35, 1hr, 500°C
	

	
	
	
	

	8
	A8
	M-45, 1hr, 500°C
	

	
	
	
	

	9
	A9
	M-35, 1hr, 800°C
	

	
	
	
	

	10
	A10
	M-45, 1hr, 800°C
	

	
	
	
	

	11
	A11
	M-35, 3hr, 800°C
	

	
	
	
	

	12
	A12
	M-45, 3hr, 800°C
	


4.7 Split Tensile Strength

The split tensile strength of heated and unheated specimen is shown in Table (4.7) and Figure 4.6 shows the residual tensile strength for high-strength concrete as a function of the maximum temperature. Similar to the compressive strength, the tensile strength showed significant losses with the increase in the exposed temperature. Once again, the binder material types played a noticeable role in influencing the strength losses. 
Table 4.7 Split tensile strength of concrete specimens (In N/mm2)
	
	
	CUBES AT TEMPRATURE

	GRADE
	TIME
	20°C
	300°C
	500°C
	800°C

	M-35
	1

3
	3.8204

3.819
	3.097

2.624
	2.195

1.803
	1.483

0.664

	M-45
	1

3
	5.113

5.106
	4.090

3.374
	2.812

2.351
	1.176

0.627
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Graph 4.6  Relative Split Tensile Strength v/s Temperature  
4.8 Modulus of elasticity

Figure 4.7 shows the residual modulus for all concrete mixtures as a function of the exposed temperature. Similar to the strengths, elastic modulus was decreased with the increase in temperature the value are shown in Table 4.8
Table 4.8  Modulus of Elasticity for concrete specimens (in N/mm2) 
	
	
	TEMPRATURE

	GRADE
	TIME
	20°C
	300°C
	500°C
	800°C

	M-35
	1

3
	2.28x104
2.292 x104
	0.738 x104
1.45 x104
	0.139 x104
0.660 x104
	0.128 x104
0.068 x104

	M-45
	1

3
	2.642 x104
2.640 x104
	0.93 x104
1.623 x104
	0.424 x104
0.946 x104
	0.105 x104
0.071 x104
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Graph 4.7 Relative elastic modulus v/s temperature
Chapter 5
CONCLUSION
On the basis of experimental investigations, following points may be concluded:
· Heating to a temperature up to 300ºC for one hour did not have significant effect on the compressive and tensile strength of concrete. However losses of compressive and tensile strengths were observed at higher temperature level and exposure times.

· Reduction in compressive strength value of M-35 grade concrete is observed to be lower than that for M-45.

· Discoloration of concrete takes place at temperatures higher than 300ºC, temperature below 300ºC more or less no change in color was observed.

· For temperatures above 500ºC, Prominent crack patterns were observed in the concrete specimen. No such conspicuous cracks were observed when specimens were subjected to below temperatures 500ºC.
· Loss in mass increases with increase in temperature.
Chapter 6

SCOPE FOR FUTURE RESEARCH
· Data can be correlated with fire survey.
· Same work can be repeated for different grades of concrete.
· Work can be compared for Reinforced Cement concrete and Fiber Reinforced Concrete.
· Work can compared for different cement supplements such as: silica fumes, fly ash, GGBS (Ground granulated Blast Furnace Slag) etc.
· The data/results can be correlated with fire loads.
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