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Abstract

Nano composites are produced by adding nano-particles to a material in order to improve the properties of material. Concrete is a
material most widely used in construction industry. Concrete is a composite material made up of cement, sand, aggregate, water
and mineral or chemical admixtures. The material such as nano metakaolin are being combined with cement. There are also a
limited number of investigations dealing with the manufacture of nano-cement. The use of finer particles (higher surface area) has
advantages in terms of filling the cement matrix, densifying the structure, resulting in higher strength and faster chemical reactions
i.e. hydration reactions. Nano-Metakoline particles can accelerate cement hydration due to their high activity. Similarly, the
incorporation of nano-particles can fill pores more effectively to enhance the overall strength and durability. Normally, the particle
size ranges between 1nm to100nm, they are generally called as nano materials. The fineness can reach up to molecular level by
special processing techniques. An experimental investigation has been carried out to determine the influence of concrete with nano-
cement particles under elevated temperature. M20, M30, M40 and M50 grades of concrete were cast. For each of grades of
concrete, 10%, 20% and 30% of cement was replaced with nano-metakoline. The particle size of nano-cement was determined
using a Scanning Electron Microscope (SEM). Impact strength of concrete with nano materials under various elevated
temperature (250 C, 500 C, 750 C and 1000 C) were found by using Impact Testing Apparatus. Impact strength is found to be least
for the concrete specimens with 30% replacement of nano-cement. It was also found that impact strength of M50 grade concrete
specimens was low as compared to other grades of concrete (M20, M30 & M40).
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I. INTRODUCTION

Concrete is Concrete is a composite material composed mainly of water, aggregate, and cement. Often, additives and
reinforcements are included in the mixture to achieve the desired physical properties of the finished material. When these
ingredients are mixed together, they form a fluid mass that is easily molded into shape. Concrete has relatively high compressive
strength, but significantly lower tensile strength, and as such is usually reinforced with materials that are strong in tension (often
steel). The elasticity of concrete is relatively constant at low stress levels but starts decreasing at higher stress levels as matrix
cracking develop. Concrete has a very low coefficient of thermal expansion, and as it matures concrete shrinks. All concrete
structures will crack to some extent, due to shrinkage and tension. Concrete which is subjected to long-duration forces is prone to
creep. In very high-strength concrete mixtures (greater than 70 MPa) the crushing strength of the aggregate can be a limiting factor
to the ultimate compressive strength. The effect of fire on building members has an important role in the construction. The thermal
behavior of the members subjected to temperature loads will give an over view about how they react with temperature. The field
quality of fire protection materials is now getting deserved attention. It is a positive trend that engineers work with fire engineers
to protect the structures, and the responsibility for fire-resistant design is delegated to the structural engineers. Due to the increased
incidents of major fires in buildings; assessment, repairs and rehabilitation of fire damaged structures has become a topical interest.
This is a specialized field involves expertise in many areas like concrete technology, material science and testing, structural
engineering, repair materials and techniques etc. Research and developmental efforts are being carried out in this area and other
related disciplines. The reinforced concrete is the one of the most widely using construction material, and the fire will affect the
members very badly in the form of spalling, exposing of reinforcement etc. The structural property of concrete that has been most
widely studied as a function of temperature exposure is compressive strength. In buildings, structural members are to satisfy fire
resistance ratings prescribed in building codes. Fire resistance is the duration during which a structural member exhibits resistance
with respect to strength, integrity and stability and depends on many factors including structural geometry, material used in
construction and characteristics of fire. A fire resistance rating is the fire resistance of a member rounded off to nearest hour or
half-hour. Concrete due to its low thermal conductivity, high thermal capacity and slower loss of strength and stiffness properties
performs reasonably well under fire. Therefore, concrete structures are often used without any fire protection. It is necessary to
understand the behaviors of structural elements subjected to fire. Although extensive experimental investigations and theoretical
analyses have been conducted on structural materials and elements exposed to elevated temperature, to date, there are still many
outstanding issues which have not been understood due to the complexity of structural fire resistance properties and the limitation
of testing technique. At present, the fire-resistant design of most buildings is primarily based on these concepts resulting from the
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conventional design at room temperature or the previous simple test results. In practice, the design method with the help of detailing
is still a main fire-resistant design method. Nearly all collapses in fire-damaged concrete structures are caused either by poor
detailing or, in severe cases, by failure of the steel reinforcement. This is because the reinforcement is usually placed near the
concrete member surface. Hence, the reinforcement is subjected to a greater temperature increase, and its strength is first affected
in comparison to the main body of concrete. To enhance the fire resistance of reinforced concrete members, the conventional
design method in most publications including building codes, is to increase the concrete cover thickness of reinforced concrete
members. For example, for simply supported beams, the cover thickness corresponding to different fire durations and intensity are
different as per the codal provisions.

Il. LITERATURE REVIEW

Bala krishnaiah, Balaji. K. V. G, Srinivasa Rao. These researchers, during their investigation, used materials with varying
combination and different experimental conditions. These materials include cement, different percentages of admixtures like fly
ash, silica fume, metakaoline, finely grounded pumice (FGP), group granulated blast furnace slag(GGBS), polypropylene fibre(PP
fibre), palm oil fuel ash(POFA), Portland pozzolana cement(PPC), rice husk ash(RHA), different fine and coarse aggregates, super
plasticisers, retarders and the conditions included a temperature range of 28°C to 1200°C . The other conditions that were varied
are the shapes and sizes of test specimens, curing methods, curing conditions and test methods.

Qi Zhang , Guang Ye , Eduard Koenders, In this research portland cement paste, a porous material with a multi-scale structure,
consists of unhydrated clinker, hydration products and pores. At elevated temperatures, the structure of Portland cement paste
changes, which might affect the strength and permeability of cement paste. This paper investigates the structureof heated Portland
cement paste by means of scanning election microscope, mercury intrusion porosimetry and nitrogen adsorption, respectively. The
structures of cement paste at different scales, i.e., nano-, micro- and meso-scale, determined by various methods are compared and
discussed.. At nanoscale(2—100 nm), the structure of C—S—H mainly remains constant at temperatures from 105°C to 400°C, and
is partly transformed from gel structure to crystalline particles at temperatures beyond 500 C. The size of crystalline particles
increases with the increase of temperature. At atomic scale (<2 nm), the bermorite like C—S—H starts to be transformed into belite
(b-C2S) at 500°C.

Omer Arioz, This paper presents the effects of elevated temperatures on the physical and mechanical properties of various
concrete mixtures prepared by ordinary Portland cement, crushed limestone, and river gravel. Test samples were subjected to
elevated temperatures ranging from 200° to 1200°C. After exposure, weight losses were determined and then compressive strength
test was conducted. Test results indicated that weight of the specimen significantly reduced with an increase in temperature. This
reduction was very sharp beyond 800°C. The effects of water/cement (w/c) ratio and type of aggregate on losses in weight were
not found to be significant. The results also revealed that the relative strength of concrete decreased as the exposure temperature
increased. The effect of high temperatures on the strength of concrete was more pronounced for concrete mixtures produced by
river gravel aggregate. The results of the physical and mechanical tests were also combined with those obtained from differential
thermal analysis, and color image analysis.

Bjorn Birgisson, Anal K. Mukhopadhyay, Georgene Geary, Mohammad Khan,Konstantin Sobolev. This paper explains about
the mechanical behaviour of concrete materials depends to a great extent on structural elements and phenomena which are effective
on a micro- and nanoscale. The ability to target material modification at the nano structural level promises to deliver the
optimization of material behaviour and performance needed to improve significantly the mechanical performance, volume change
properties, durability, and sustainability of concrete.

Mohamed Heikal, S. Abd EI Aleem, W.M. Morsi This paper presents the effect of nano-silica (NS) on physicochemical,
compressive and flexural strengths of OPC-granulated slag blended cement pastes and mortars. Different mixes were made with
various amounts of NS, OPC and granulated blast-furnace slag (GBFS) and hydrated for 3, 7, 28 and 90 days. The hydration
behaviour was followed by estimation of free lime (FL) and combined water content at different curing ages. The required water
for standard consistency, setting times and compressive strength was also determined. The required water for standard consistency
and setting times increases with NS content due to the presence of 1%of superplasticizer. As the NS content increases the values
of both FL and pH decrease. The compressive and flexural strengths of cement mortars containing NS are higher than those of
control OPC-GBFS mix (M3). As the NS content increases above 4 mass% NS, compressive and flexural strengths of OPC—
GBFS-NS blends decrease but still more than those of the control samples.

I1l. MATERIALS

A. Cement

Although all materials that go into concrete mix are essential, cement is very often the most important because it is usually the
delicate link in the chain. The function of cement is first of all to bind the sand and stone together and second to fill up the voids
in between sand and stone particles to form a compact mass. Although it constitutes only about 20 per cent of the volume of
concrete mix, it is the active portion of binding medium and is the only scientifically controlled ingredient of concrete. Any
variation in its quantity affects the compressive strength of the concrete mix. In the present investigation, Ordinary Portland Cement
(OPC) of 53 Grade was used for all concrete mixes.
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#. Coarse Aggregate

The coarse aggregate is defined as that retained on 4.75 mm IS sieve. To increase the density of the resulting concrete mix, the
coarse aggregate is frequently used in two or more sizes. Two types of aggregates with different sizes have been used in the present
study. The details of the same are as below:
1) Aggregate passing 20 mm sieve
2) Aggregate passing 10 mm sieve.

The coarse aggregate used were washed and kept in water for 24hr to remove dust and dirt and were dried to surface dry
condition.

. Fine Aggregate

I1S: 383-1970 defines the fine aggregate, as the one passing 4.75mm IS sieve. The fine aggregate is often termed as a sand size
aggregate. Locally available riverbed sand was used in the present study. The per cent passing 600 micron sieve = 62.35. The sand
conforms to grading Zone — 11 as per IS: 383 — 1970 respectively.

£2. Nano- Metakoline

Nano Metakoline is obtained Astra Chemicals Chennai.

E. Water
Water Available in our lab is used in this investigation.

IV. RESULTS AND DISCUSSIONS

The size of the specimen recommended by the ACI committee is 150 mm in diameter and 64 mm in height. The equipment consists
of a standard manually operated 4.4 Kg compaction hammer with an 18 inch drop (457mm) a 44mm diameter hardened steel ball
and a flat base 32 plate with positioning bracket. In addition to the above equipment, a mould to cast 150mm diameter and 64mm
thick concrete specimens is needed. Thickness of the specimens is recorded to the nearest millimeter at its center and at the ends
of a diameter prior to the test. The specimen is placed on the base plate with the finished face up and positioned within two legs of
the impact testing equipment. The bracket with the cylindrical sleeve is fixed in place and the hardened steel ball is placed on the
top of the specimen within the bracket. The drop hammer is then placed with its base upon the steel ball and held vertically. The
hammer is dropped repeatedly, and the number of blows required for the first visible crack to form at the top surface of the specimen
and for ultimate failure is to be recorded. The first crack was based on visual observation. White washing the surface of the test
specimen facilitated the identification of this crack. Ultimate failure is defined in terms of the number of blows required to open
the cracks in the specimen sufficiently to enable fractured pieces to touch three of the two positioning legs on the base plate. The
stages of ultimate failure are clearly recognized by the fractured specimen butting against the legs of the base plate.

Fig. 1: Impact testing of specimen

The impact energy is calculated by the formula;
E=Wxhxn(N-m)

Where;

W = wt. of hammer (N).

h = height of fall (m).

n = no. of blows required for complete failure
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A. Energy Absorption for First Crack

Table—-1
Energy absorption for first crack M20 grade
TEMP | M20 | |
IN 10% 20% 30%
DEG AC WC AC WC AC | WC

27 552.5 | 552.5 | 450.2 450.2 | 368 | 368
250 | 6753 | 368.3 | 347.8 204 | 245 | 163

500 | 204.6 | 163.7 | 81.8 122 | 102 | 81.8
750 81.8 | 818 | 102.3 409 | 204 | 204
1000 | 204 | 204 | 204 204 | 204 | O
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Fig. 2: Impact energy for different percentage of replacement of nano- metakoline in M20 grade (Air cooling) for first crack
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Fig. 3: Impact energy for different percentage of replacement of nano- metakoline in M20 grade (water cooling) for first crack

Table - 2
Energy absorption for first crack M30 grade
TEMP | M30 |
IN 10% 20% 30%

DEG | AC | WC | AC | WC | AC WC
27 1248 | 1248 | 1145 | 1145 | 1064 | 1064
250 | 1391 | 1186 | 695 | 613 | 327 | 2045
500 286 | 204 | 81.8 | 81.8 | 225 | 102.3
750 61.3 | 409 | 409 | 204 | 409 | 204
1000 | 204 | 204 | 204 | 204 | 204 0
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Fig. 4: Impact energy for different percentage of replacement of nano- metakoline in M30 grade (Air cooling) for first crack
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Fig. 5: Impact energy for different percentage of replacement of nano- metakoline in M30 grade (water cooling) for first crack

ENERGY (N-m)

Table—3
Energy absorption for first crack M40 grade
TEMP M40
IN 10% 20% 30%
DEG AC WC AC WC AC WC
27 2005 | 2005 | 1903 | 1903 | 1821 | 1821
250 2128 | 1718 | 1145 | 982 | 634.3 | 470.6
500 450 | 388 | 81.8 | 81.8 | 81.8 | 102.3
750 | 613 | 409 | 61.3 | 204 | 204 | 204
1000 | 20.4 | 204 | 204 | 204 | 204 0
M40 AIR COOLING
m10%
u20%
E30%
250°C 500°C 750°C 1000°C
TEMPERATURE

Fig. 6: Impact energy for different percentage of replacement of nano- metakoline in M40 grade (Air cooling) for first crack
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Fig. 7: Impact energy for different percentage of replacement of nano- metakoline in M40 grade (water cooling) for first crack
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Fig. 8: Impact energy for different percentage of replacement of nano- metakoline in M50 grade (Air cooling) for first crack
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Fig. 9: Impact energy for different percentage of replacement of nano- metakoline in M50 grade (water cooling) for first crack
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Table -4
Energy absorption for first crack M50 grade
TEMP M50
IN 10% 20% 30%
DEG AC WC AC WC AC WC
27 2537 | 2537 | 2332 | 2332 | 2210 | 2210
250 2783 | 2619 | 1105 | 941 | 3478 | 204
500 572 | 491 | 81.8 | 40.9 | 225.1 | 102
750 81.8 | 40.9 | 409 | 204 | 409 | 204
1000 | 204 | 204 | 204 | 204 | 204 0
M50 AIR COOLING
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#. Energy absorption for Final Crack

ENERGY (N-m)

Table-5
Energy absorption for final crack M20 grade
TEMP M20
IN 10% 20% 30%
DEG AC WC AC WC AC WC
27 593.4 | 593.4 | 491.1 491.1 | 409.2 | 409.2
250 | 736.6 | 409.2 | 388.8 2455 | 286 | 204.6
500 225.1 | 184.1 | 102.3 1432 | 122 | 102.3
750 102.3 | 102.3 | 122.7 61.3 | 409 | 409
1000 | 61.4 | 204 | 409 204 | 204 0
M20 AIR COOLING
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Fig. 10: Impact energy for different percentage of replacement of nano-metakoline in M20 grade (air cooling) for final failure
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Fig. 11: Impact energy for different percentage of replacement of nano-metakoline in M20 grade (water cooling) for final failure

Table—6
Energy absorption for final crack M30 grade
TEMP M30 |

IN 10% 20% 30%
DEG AC WC AC WC AC WC

27 1289.2 | 1289.2 | 1186.9 | 1186.9 | 1105 | 1105
250 1473 1268 736 654 368 | 2455
500 327 245 102 102 245 | 122.7
750 81.3 61.3 81.9 20.4 61.3 | 404
1000 20.4 20.4 20.4 20.4 20.4 0
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Fig. 12: Impact energy for different percentage of replacement of nano-metakoline in M30 grade (air cooling) for final failure
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Fig. 13: Impact energy for different percentage of replacement of nano-metakoline in M30 grade (water cooling) for final failure

Table—7
Energy absorption for final crack M40 grade
TEMP | M40
IN 10% 20% 30%

DEG AC WC AC | WC AC wC
27 2087.5 | 2087.5 | 1944 | 1944 | 1841.7 | 1841.7
250 2210 1800 | 1186 | 1023 | 675 511
500 450 388 818 | 818 | 818 102.3
750 61.3 40.9 613 | 204 | 204 20.4
1000 20.4 204 204 | 204 | 204 0
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Fig. 15: Impact energy for different percentage of replacement of nano-metakoline in M40 grade (air cooling) for final failure
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Fig. 16: Impact energy for different percentage of replacement of nano-metakoline in M40 grade (water cooling) for final failure
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Table -8
Energy absorption for final crack M50 grade
TEMP M50
IN 10% 20% 30%
DEG AC WC AC WC AC WC
27 2578.4 | 2578.4 | 2373.8 | 2373.8 | 2230 | 2230
250 2864 2701 511 429 388 204
500 593 5115 81.8 409 | 2251 | 102
750 61.3 61.3 61.3 40.9 613 | 204
1000 20.4 204 204 204 | 204 0
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Fig. 17: Impact energy for different percentage of replacement of nano-metakoline in M50 grade (air cooling) for final failure
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Fig. 18: Impact energy for different percentage of replacement of nano-metakoline in M50 grade (water cooling) for final failure
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V. CONCLUSIONS

An experimental investigation has been made to determine the influence of replacing concrete with nano-metakoline of 10%, 20%
&30% at elevated temperatures. Concrete specimens of grade M20, M30, M40 & M50 with 10%, 20% &30% replacement of
cement with nano-metakoline were cast and exposed to varying elevated temperatures up to 1000°C. The heated specimens were
cooled by air and water. One hundred and eight impact cylinder specimens have been cast and tested. Impact strength of reference
and heated specimens were found. Based on the experimental investigation the impact strength of heated specimens at 250°C
increases in case of air cooling about 76%, 83%, 89% and 95% for the specimens with M20, M30, M40 and M50 grades
respectively at 10% replacement of cement with nano-metakoline compared to reference specimens. The impact strength of heated
specimens at 250°C decreases in case of water cooling about 81%, 89%, 93% and 98% for the specimens with M20, M30, M40
and M50 grades respectively at 10% replacement of cement with nano-metakoline compared to reference specimens. The impact
strength of heated specimens at 250°C decreases in case of both air and water cooling with M20, M30, M40 and M50 grades with
20% & 30% replacement of cement with nano-metakoline compared to reference specimens. The impact strength of heated
specimens at 500°C, 750°C, 1000°C decreases in both air and water cooling for the specimens with M20, M30, M40 and M50
grades respectively for 10%, 20% & 30% replacement of cement with nano-metakoline compared to reference specimens. The
specimens heated up to 1000°C with 30% replacement of cement with nano-metakoline and cooled by water failed before impact
test for all the grades of concrete.
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