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ABSTRACT

This paper shows the results of an experimentalystin compressive strength of concrete after hgadtirhigher
temperature. So, this study aims to observe thentiestability of concrete containing Sugarcane &ag Ash (SBA). In
present study five mixtures were prepared at differeplacement levels of SBA (0 to 20% @ incren@@nb%) with
cement and subjected to different temperature $et&l’C, 300C and 6068C) from room temperature. Sixty cubes were
casted (with three cubes for each testing conditiowl cured for 28days. Then after, these cubes tr@nsferred to muffle
furnace for two and half hour duration to observe éffect of heating. The results indicate that ¢bacrete strength
decreases with increasing temperature, and deciedbe strength of reference concrete (0% SBAglisost similar to
SBA concrete. Therefore, it can be concluded that replacement of cement with SBA cannot changestfength

properties of concrete during heating.
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INTRODUCTION

The basic objectives of the sustainable developragatthe preservation of natural resources, reatuabf
environmental pollution and appropriate utilizatiohwaste materials. In case of concrete constrnctihese objectives
can be fulfilled by partial replacement of cemeithvagrowaste ashes like sugarcane bagasse asthusk ash etc. and
industrial waste like copper slag, steel slagafh etc. Intergovernmental panel on climate chglR@C) stated that the
largest driver of global warming is G@mission from combustion of fossil fuels, cemerndduction and deforestation.
The cement industry is a large contributor of gloB®, emission because cement is used almost in evemtrgoand
manufactured in more than 80 countries. China &gt share of total emission (33%) followed byt&th States (6%),
India (5%), Japan (5%) and Korea (4%). (Woretldl 2001). One ton of cement is released an equal aiadwcarbon-
dioxide into the atmosphere. The widely used ceng@rdinary Portland Cement which is popularly wmoas OPC. For
production of OPC, clay and limestone mixed withest materials needs to be heated at higher tempersd obtain
clinker. In this production C&emission come from both industrial process and ¢oehbustion. To mitigate this type of
problem and to make a sustainable concrete, iecessary to reduce the production of cement. SBAvshadequate
chemical and physical properties for its use azplana. So it is an appropriate substitute for cgménich can reduce the

use of cement in concrete and solve environmesgakis related to cement production up to sometexten
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Sugarcane is one of the major crops grown in o¥8rcbuntries. According to Food and Agriculture &ngation
(FAQ), India is the second largest producer of scayze in the world. It produces 340 million tonsafjarcane every year.
The fibrous matter that remains after crushing prmck extraction of sugarcane is known as bagas¥sevadays, this
bagasse is to reutilize as a biomass fuel in ifer vapor and power generation in sugar mills.eWkthis bagasse is
burned under controlled temperature, it results &gh. The resulting ash contain high levels,%i@ ALOs, enabling its
use as a supplementary cementitious material (SChg.use of SBA as SCM not only reduce the prodnotif cement
which is responsible for high energy consumptiod earbon emission, but also can improve the corsprestrength of
cement based materials like concrete and mortajatlmaphan and Wanson 2010). This improved comspestrength
depends on both physical and chemical effects ®3IBA. The physical effect also called filler effe¢hich relates to
shape, size and texture of the SBA particles amrdctiemical effects relate to the ability of SBAparticipate in the

pozzolanic reaction with calcium hydroxide by pdinp reactive silicious compounds (Srinivasan aathiga 2010).

Many structures become damaged when exposed terhigimperature. In case of reinforced concreteisires,
the importance of fire resistance was recognize@aly as 1854, in the first patent filed for reirded concrete by
Wilkinson (Rao et al). Fire resistance of concegpends upon many factors like the size and shiagteustures, type of
admixtures, cement and aggregates used. Aggrelgatesvery high resistance against the fire butingadf the heated
aggregates may results to formation of internakguee. This internal pressure may cause of chatigesolume of
aggregates. Apart from it, hydrated Portland cenoemtains a significant amount of free calcium loydie and will
decompose into calcium oxide due to loss of watet08—458 C (Metin Husem 2005). This calcium oxide changes i
calcium hydroxide again, when kept under moist emrment. These chemicals changes are responsibéxfansion of
cement paste. Some of the deformation of concietdue to this expansion. The concrete may crumbé td such
changes in volume of concrete’s constituents. imseof the rate of strength loss, in spite of dotifig data, there is
general agreement between the researchers ondtigaeesidual strength above 40D (Behnood and Ghandehari 2009).
It is feared therefore that addition of SBA intonceete might changes the strength properties otredm at higher

temperature.

Furthermore, most research data related to meddaaie durability properties of SBA concrete. Tlhed&es
dealing with thermal properties of SBA concrete aoé enough. It is therefore mainly for these reasthat the present

study has been investigated the strength propati88A concrete in response to elevated tempegsitur

MATERIALS USED

Cement

In present investigation Ordinary Portland Cemé&®C) of 43 grade conformed to IS; 12269:1987 wasl.us
The physical properties of the cement obtained ammuacting appropriate tests. Cement was careftdlyed to protect

from moisture. The properties of cement are givehable 1.
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Table 1: Properties of OPC 43 Grade Cement

Sr. No. Properties Values Obtained | Values Specified by IS: 8112-1989
1 Specific gravity 3.15 -
2 Standard consistency 31 -
3 Initial setting time 135 30 Minute (Minimum)
4 Final setting time 220 600 Minute (Maximum)
Compressive strength
5 3 Days 25.54 N/mm 23 N/mnf
7 Days 36.12 N/'mm 33 N/mnf
28 Days 49.53 N/mm 43 N/mnf
Fine Aggregates

Natural sand was used as fine aggregates, colléaad Chakki River (Pathankot). The physical prdigsr of
fine aggregate are used in this study, conformekb1883-1970. Specific gravity of fine aggregavess determined as
2.71 and confirmed to grading zone Il. It was brawrcolor with coarser shape of particles. The eseanalysis of fine
aggregates is given in Table 2.

Coarse Aggregates

Crushed gravel was used in present study, colldobea Pathankot quarry. It was a mixture of twongt@izes of
10 mm and 20 mm, with equal proportions. These weashed to remove dirt, dust and then dried toaserfdry
condition. The required properties of aggregatess determined on conducting some tests, conformé8:t383-1970.

Specific gravity of coarse aggregates was detemhniise?.65 and it was grey in color.

Water

Water is an important constituent of concrete ds riesponsible for chemical reaction with cemé&nie to its
importance, mixing and curing water should not aontundesirable organic substances or inorganictitoants in
excessive proportions. In this project clean p&atmdter was used for both mixing and curing of cetec It was free from
organic matter, silt, oil, sugar, chloride and acitiaterial as per IS: 456-2000.

Table 2: Sieve Analysis of Fine Aggregates (Total 8ight of Sample= 500gm)

Weight

Is-Sieve Re'[;l]ned Percentage Weight PerS:r:?:éaeu\\ll\?eight Percentage g?g?:;?r?ge zPoa:lses_lgg

DESIELel] Sieve REEES) @) SHEvS Retained on Sieve FREEIY as Per Is: 383-1970
(Gm)

10 mm Nil Nil Nil 100 100

4.74 mm 42 8.40 8.40 91.60 90-100

2.36 mm 24 4.80 13.20 86.80 75-100

1.18 mm 70 14.00 27.20 72.80 55-90
600 micron 106 21.20 48.40 51.60 35-55
300 micron 121 24.20 72.60 27.40 8-30
150 micron 125 25.00 97.60 2.40 0-10

Sugarcane Bagasse Ash

Sugarcane bagasse ash is produced when bagasssilized as a biomass fuel in boilers for vapod aower

generation in sugar mills. When this bagasse isdniunder controlled temperature, it results irso. 8agasse ash was
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collected from the boiler of a sugar mill situatgdrillage Budhewal, which falls at a distance lodat 4 kms from Jandaili
on Ludhiana-Chandigarh road. The collection of dsa was carried out during the boiler cleaning af@n throughout
three months.

LABORATORY TESTING PROGRAM

Mix Design and Specimen Preparation

In this study, five concrete mixes were preparethesith 0.55 water/cement ratio. First mix was deated as
control mix (D1), designed as per IS 10262:200%1Themaining four mixes were prepared by replaciegent with
SBA (0 to 20% @ increment of 5%). Water contenimest content and coarse aggregates were constatffive mixes.
The remaining detail of mix design per cubic metkeconcrete was shown in Table 3. Concrete cubeszes 100mm x
100mm x 100mm were cast for each mix. Three sampére used for each testing condition, and totahlmers of cube

specimens were 60.
Workability of Concrete

Slump test was employed to assess the workabiligracteristics of fresh concrete. The results shivat

workability of concrete mixtures decreased withiti@ease in levels of cement with SBA.
Compressive Strength of Concrete

All the cube samples were cured for 28 days prohaating. The hardened concrete cubes were thed dr
room temperature for two hours and then transfetwetthe muffle furnace. They were heafesin room temperature
150°C, 300C and 606C for two and half hour to achieve a uniform tempematdistribution across them. After that
furnace was turned off and samples were cooleddmrtemperature. All cooled specimengjected to compression test
under digital Universal Testing Machine (UTM) ofIXN capacity as per IS 516-19%9loading rate of 5kN/s was used
during testing.

Table 3: Mix Proportions of Concrete Mixes

Mix | CBA (%) Cement SBA Fine Aggregates| Coarse Aggregate§ Water
(Kg/m3) | (Kg/m3) (Kg/m3) (Kg/m3) (L/m3)

D1 0 358.47 0 731.70 1108.08 197.116

D2 10 340.55 17.92 731.70 1108.08 197(16

D3 20 322.62 35.85 731.70 1108.08 197(16

D4 30 304.70 53.77 731.70 1108.08 197(16

D5 40 286.78 71.69 731.70 1108.08 197(16

RESULTS AND DISCUSSIONS
Workability

Workability of concrete mixtures decreased with itherease in percentage replacement of cementSith. The
slump values decreased from 110 mm to 96 mm whé&na @Dcement was replaced by SBA as given in Tabbnd
illustrated by Figure 1. The reasons behind thiicdon in slump values are the porous structughédr water absorption

and rough texture of SBA patrticles.
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Table 4: Slump Values of Concrete

.| SBA | Slump

M | ©96) | (mm)
D1 0 110
D2 5 110
D3 10 107
D4 15 100
D5 20 96

115
110
105
100
95
90
85 +

Slump (mm)

0% 5% 10% 15% 20%
SBA (%)

Figure 1: Slump Values of Concrete Mixtures

Compressive Strength

The residual compressive strength of all concretegures at Room Temperature (R.T) and after hgati50
%C, 300°C and 600°C is given in Table 5 and illustrated by FigureTBe percentage loss in strength is given in Table 6
and relative compressive strength is presentedidpyré 3. These Tables and Figures clearly showttieatcompressive
strength of all concrete mixtures decreases atatddvtemperature. According to the results obtaifiech present
investigation, the strength of concrete with 0% S#&fer heated to156C, 300°C and 600°C was 88.9%, 81.9%, and
40.3% of its unheated strength respectively. Alrsistilarly trend was observed in SBA concrete nigtualso. The
concrete containing 0, 20 and 5% SBA exhibited gsidoss in strength, about 11.1%, 19.4% and 6@&##s unheated
strength when heated to&) 300C, 600C respectively. After the evaporation of physicallyd chemically bound water,
a pressure is build-up which results into the esiteninner cracking. This inner cracking is the miagason for reduction
in strength of all concrete mixtures. Apart frontlte cement paste contracts and aggregate expgands loss of water at

higher temperature which leads to loss of the Hmetd/ieen paste and aggregates.

Table 5: Compressive Strength of Concrete Mixturest Different Temperature Range

. Compressive Strength (N/Mrﬁ)
Mix
Room Temperature (R.T)| 150 | 300 | 600

D1 29.85 26.54 24.45 12.03
D2 30.84 28.49 25.46 10.37
D3 31.24 28.5 25.70 11.02
D4 30.77 26.95 25.30 10.44
D5 29.68 26.42 23.84 10.15
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Figure 2: Compressive Strength of Concrete Mixes dbifferent Temperature Range

Table 6: Percentage Loss in Compressive Strength Goncrete Mixtures at Different Temperature Range

Percentage Loss in Compressive Strength

SBA (%)

MX " RT-15¢ | R.T-300 | R.T-600

D1 11.1 18.1 59.7

D2 7.6 17.4 66.4

D3 8.6 17.7 64.7

D4 12.4 17.8 66.1

D5 11.0 19.4 65.8
. 120
100 "RT
P e =150
Egﬂ 60 300
%§ 40 " 600
£ 2
2 0
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Figure 3: Relative Strength of Concrete Mixes at Dferent Temperature Range

CONCLUSIONS

The compressive strength of concrete with or witl®BA decreases with increasing temperature. Smaritbe

concluded that the replacement of cement with S&#ot change the strength properties of concreiaglheating.
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