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ABSTRACT:

Mortar is widely used in the construction indushoy different purposes. Its compressive strengtthésmain parameter which is
brought under focus. Compressive strength of modepends upon many factors such as water-cemémnt fine aggregates size,
and different curing conditions. This experimerstaidy was undertaken to investigate the effect @®BES on compressive strength
of mortars under different curing regimes using GGBE a partial replacement of cement. A total of@es of standard size of 2 x
2 x 2 inches were casted in laboratory, out of WHi® cubes each were prepared with 0%, 5%, 10%, 488620% GGBFS
replacement for cement. Cubes were cured for 347and 28 days. Bases on obtained results it is wbddhat the maximum
compressive strength was achieved by sample witle®BFS, although 10% GGBFS samples achieved higimeprassive strength

than the control sample with 0% GGBFS. Further i@gtzent beyond this value causes reduction in dtieng

1. INTRODUCTION

Today is the era of innovations in constructiorhtextogy. The
development of advanced materials and applicatidrmeodern
techniques have been the active area of resednehe Ts an ever-
increasing urge of infrastructures. These infrastmes are
considered to be the backbone of country’s econ(ithytab et
al., 2013), as construction industry plays pivatae in socio-
economic uplift of a country (Sohu et al., 2018atd et al.,
2018a). Concrete has become one of the most prefeuiding
materials in the world for civil engineering prdjgcanging from
residential houses, tall structures, bridges amasd&andhu et al.,
2019). This preference is mainly due to ease of Idiog,
durability, serviceability and strength (Aprian2017). The
production of concrete’s main ingredient, cemerdas haised
environmental concerns, as according to recentrtgpd is
estimated that the cement industry is responsinediease of
approximately 10% of the total global carbon diex{€Q) gas
(Mohamad et al. 2019a; Suhendro, 2014). Negatiyaatnon the
environment associated with the production of camessesses
tremendous pressure on the construction industngdace the
dependency of cement as the main binder in the faetuwing of
concrete. Therefore, researches have been condtectfiad a
liable alternative for cement replacement.
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The generation of various waste materials has beethe raise
due to the increase in urbanization (Abdel-Shafplet2018).

These solid wastes are typically thrown away goased-off into
landfills without proper treatment, and ultimatelguse health
risks to the surrounding residents along with askigraffecting
the environment (Jhatial et al., 2018b). Awarenleas been
growing for the reusing / recycling such waste malkein order
to benefit from its various properties. One potamiethod for
recycling / reusing the waste materials is to zgilthem as
supplementary cementitious materials (SCMs). Motli®fvaste
materials, due to their chemical composition, cionségnificant

amounts of Silica Oxide (Sigpor Calcium Oxide (CaO).

Ground granulated blast furnace slag (GGBFS) is-prbgluct
of iron and steel-making (Saha & Rajasekaran, 2B#fi| et al.,
2013). Its chemical composition may vary signifitgn
depending upon the composition of the raw matetizdd are
used in the production of iron. The utilization GGBFS as
partial cement could significantly reduce the xCémissions,
reduce the amount of GGBFS waste, and decrease
construction industry’s dependency on cement as bwider.
The durability aspects of reinforced concrete stmes are
enhanced with the inclusion of GGBFS (Suresh & Naijgar
2015). Furthermore, concrete containing GGBFS hasMHility
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to resist environmental actions such as chloridaefration,
sulphate attack and alkali-silica reactive expamsilous allowing
the concrete to have a longer corrosion-free sefifie (Mo et al.,
2015).

This experimental research has been conducteddy die effect
of GGBFS on the compressive strength of mortar,tariithd out
the optimum replacement percentage of cement wiBIES.
Research has been ongoing to develop sustainabtzeterby
addition of various SCMs and admixtures in the cetec(Mangi
et al., 2019; Rahman et al., 2019; Ashish 2019;Gsttal., 2019;
Jhatial et al., 2019; Juenger et al., 2019; Mohaetaal., 2019b;
Phul et al., 2019; Martirena & Monz6, 2018, Kamatindet al.,
2018). Cement mortar is also as a type of cononétieh is being
used in many applications such as finish and repaircrete cover
to normal RCC structures from environmental
manufacture of ferrocement elements and proteddiger to the
porous construction material such as light weigbnorete
elements or brick masonry walls. Pakistan is a ldgweg country
having major part as rural ared@aig & Khan, 2006)The most
of buildings constructed in these areas are loaditg consisting
brick masonry (Shah et al., 2019). Also, the partitvalls in the
framed RC structures are made with the bricks. Thegek
masonry walls are then plastered with the cementamcoThe
performance of masonry work is dubious due to m@&@asons
such as source and quality of raw material (clayjulding and
compression method, process of manufacture, tetyperand
duration of firing etc. The durability and the seevlife of these
masonry elements are adversely affected by the réhaazs
environmental conditions if not plastered with thepropriate
mortar. Thus, the role of the plastering mortardoees very
important in case of overall performance of briclasonry
structural elements. Therefore, to improve the grerhnce of
mortar in different aspects has also ever beeninmtiaarea of
researchers. In this regard a lot of work has breported in the
literature. During the past decades, a trend has keen in the
use of SCMs in the manufacturing of concrete, whettaural
waste or by-products (Harbulakova et al., 2015)s Téchnique
not only improves the performance of the concreitetdnd to the
solution of the dumping of waste material which dea large
space and causing environmental pollution too. GGBFhe of
the cementitious materials which are widely useirprove the
strength and durability of concretdhis led to the idea to
undertake an experimental study to investigate dffect of
GGBFS on compressive strength properties of mogtarsing it
as a partial replacement of cement.

2. RESEARCH METHODLOGY

In order to investigate the effect of GGBFS as atiglar
replacement with cement at different percentagea £% to 20%
with an increment of 5% on strength of mortar, thetails of
material selection, casting of specimens, instruatem and
testing are given below.

2.1 Materials:

Ordinary Portland Cement (OPC) of Type-1 complying th
specifications of ASTM C150 / C150M - 19a and BS EN-19
1:2011. Bolhari sand locally available, passed thho#16 sieve
is used. The sand was washed to remove any stiakiclps
followed by its drying up to SSD. During this stu@yso,
drinkable water was used to produce the mortarsowit band
with GGBFS. During this study the GGBFS was purchdsed
the steel mill Karachi. Dosage of GGBFS which wasduas a
partial replacement of the cement is 5%, 10%, 16&620%. In
addition, a normal mortar without GGBFS was alsdaezhand
tested for comparison of the results. Thus, inltethatches of
the specimens were casted and tested during thdy.sThe
physical properties of cement and aggregates aen gn Table

effectsl while the details of the designation and spediiim of the

batches are given in Table 2. Throughout the studstar ratio
of 1: 2.75 (Cement: Sand) was considered with fixexer
cement ratio of 0.5.

Table 1. Properties of cement and sand

Properties | Value
Cement

Specific Gravity 3.12

Initial Setting Time 45 minutes
Final Setting Time 360 minutes
Fine Aggr egates (Sand)

Specific Gravity 2.62

Water Absorption 2.2%
Fineness Modulus 3.25

Table 2. Mix Proportion of Mortars

Mix Proportion Cement % GGBFS %
MO 100 % 0%

M5 95 % 5%

M10 90 % 10 %
M15 85 % 15 %
M20 80 % 20 %

2.2 Experimental Work

All the materials, including water, were weighedopito their
mixing. Initially sand, coarse aggregates and ki@ C and
GGBFS) were mixed thoroughly for about 3-5 minutesrisure
uniform dispersion of GGBFS in the mix. The watesvealded
gradually into the concrete mixer such that watan de
distributed uniformly on the dry mix and mixing domed for
about 3 minutes in order to achieve the uniform.mMhe specific
specimens of standard size were cast. After 24 shotlre
specimens were demoulded and cured for 3, 7, 128rnihys.
The specific specimens were tested in universihtesnachine
(UTM) for compressive strength in accordance to stamdard
procedures of testing.

3. RESULTSAND DISCUSION
3.1 Compressive Strength Behaviour

The average compressive strength of mortar incatjay
GGBFS was recorded at different curing periods and i
accordance to the guidelines of ASTM C39. The resate
tabulated in Table 3 and illustrated in Figure 1.
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Table 3. Average Compressive Strength of Mortar ®ifferent

Curing Days
Curing _ Average Differencein strength
Days Mix Compressive with respect to MO
Strength (M Pa) sample (%)
MO 16.89 -
M5 17.71 +4.85%
3Days | M10 19.75 +16.93 %
M15 18.65 +10.42 %
M20 15.51 -8.17%
MO 19.5 -
M5 23.14 +18.67 %
7Days | M10 22.90 +17.44 %
M15 21.65 +11.03 %
M20 16.01 -17.90 %
MO 20.64 -
M5 23.34 +13.08 %
14 Days | M10 23.07 +11.77%
M15 21.12 +2.33%
M20 18.05 -12.55%
MO 26.27 -
M5 32.67 +24.36 %
28 Days | M10 29.79 +11.82%
M15 22.90 -12.83 %
M20 19.91 -24.21%

It can be observed from Table 3 and Figure 1 tipatou15%

GGBFS showed increase in compressive strength lgtsages.
However, once the mortars start to harden, at 8 daring, the
15% GGBFS stopped gaining strength and strengtleeetiivas
significantly less compared to the control sampierestingly

though, the 5% GGBFS showed impressive increase
compressive strength, 10% GGBFS showed some dtreyzin

than control sample.
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Figure 1. Influence of GGBFS on the strength of asrt

GGBFS significantly affects the compressive strength
mortar/concrete when it is added or used as paejgdcement of
cement. The aggregate in concrete behaves asfill@rtut it

causes the weak interfacial zone with cement pd&ue. the
addition of GGBFS improves the bond between thedripdste
and sand leading to the development of denser mealting in
high strength of GGBFS mortars.

GGBFS is considered as essential constituent toupeodiigh
performance mortar/concrete. This increase in thength was
attributed to the stronger bond developed betwbencement-

higher strength of the hardened product (Ghricalet 2007;
Chindaprasirt et al., 2005).

M15 and M20 samples achieved significantly loweersgth
compared to MO, this may be attributed to pozzalaraction
being slow and requires CaOH to form pozzolanictieacsince
M15 and M20 have reduced cement content, theessCaOH
available at that time so resulting in less stren@than &
Ganesh, 2016).

4. CONCLUSION

The utilization of post-consumer wastes and by-potsl in
concrete has become a necessity. A great potemtiats to
reduce the concrete industry’s contributions tegh®use gases
through reductions in cement consumption. Due taccete’s
large consumption and utilization of cement a®ite-and-only
binder, even small reductions of cement conteaditrete could
make a significant global impact. Therefore, thiperimental
work was undertaken to determine the effect of GEGBE partial
cement replacement on the compressive strengtbrafrete at
different curing stages.

Based upon the results it can be concluded that GGBFa
supplementary cementitious material, which hagpttential to
be considered as a partial binder and reduce tergecontent.
It was found that concrete samples containing 15@BES
(M15) achieved high early strength compared torobsmples
MO) but as the curing period increased, its cosgive strength

d not develop and as such on 28 days it lostaqimately 13%
strength compared to MO. However, concrete sangalietaining
5% (M5) achieved the maximum compressive strengtB8a
days, approximately 24.36% higher than MO. AlthougthO
achieved higher strength than control sample witimentement
replacement of 10%. Since the aim of the studyteasduce the
cement content in mortar, therefore, it is adviedhht concrete
incorporating 10% GGBFS as cement replacementdx, sgce
mortar achieves no strength loss.
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