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FOREWORD
We would like to welcome you all to thé& Conference on Sustainability in Civil Engineering
(CSCEG619) held in Department of Civil Engi |
Technol ogy, | sl amabad, Pakistan. The main f

related to the field of civiengineering. It is a platform for civil engineers from academia and
industry to share their experiences and different research findings in relevant specializations.
Th format of this conference is to have several parallel sessions of different spewihkies,

we (the researchers and engineers) can interact and improve our understanding of sustainability
in the field of civil engineering.

We are lucky to have six wonderful and renowned keynote speakers for our opening edition of
CSCE. This year, we haveceived B2 manuscriptgor our conferencdrom China, Pakistan,

Saudi Arabia, Germany, Italy and UKfter the screening@nd review process, there &8

papers to beresented in Conference. Adlapersunder goneloubleblind review processThe

review committee has comprised 86 PhDs servingn industry and academiat Australia,
Malaysig Hong Kong China,PakistanSaudi ArabialJAE, UK andChili.

With this opportunity, we would like to express many thanks to everyone, especially all the
faculty and staff at theCapital University of Science and Technoldgy their greatsupport

and participation. We are also grateful to all teeiewers and keynotgpeakers who have
dedicated their time to share their expertise and experience in this conference.

We give our greatest appreciation to all the participan@ 9fC B ,6asauthorspresenters and
audience, without whom this conference will have no posititeractiveatmosphere. Last but

not least, the greatest honor is given to aganizingcommitiee whose hard work has made
thisdaya success.

Engr. Sohai b Nas Engr. Dr .
Conference Secre Conf eren
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Abstract

Recently hybrid fiber reinforced concrettHFRC) has gained popularity for its
superiormechanical propertie¥ he fiber hybridizatiomn HFRC means thadditionof

two or more than two fibers in a suitable way tcetéldl benefits from each fibefhe
growth of cracks in concrete is mu#itale pocess from micrdo macroscale Also,

the restriction of cracks with one dimension and length of fibers is limited at their
particular scalandhave no or little effects at other scales. Therefore, it is logical to
combinevarioustypes and sizes of fibg in concrete foachievingoptimizedstrength
properties.In this study, the compressive and flexural strength of concrete with
incorporation of calcium carbonate whisker, basalt fiber and steel fiber are evaluated.
The mix design ratio of PC and HFR€1:2:1.5 (cement: sand: aggregateith water
cement ratio of 0.4The HFRC, HFRC1, HFRC2 andHRC3 were prepared with 5%
steel fiber and 5% calcium carbonathisker havingbasalt fibes content 0f0%, 26,

4% and6%, respectivelyThe compressive and flesal strength tests are performed in
accordance with theelevantASTM standard. It is revealed that the compressive and
flexural strength of HFRC are improved by 14% and 46%, respectivedy compared
with that of plain concrete. It is recommendedoimize the length and content of
basalt fiber in hybrid fiber reinforced concrete.

Keywords: Multi-scale fibers, steel fibgebasalt fiber calcium carbonate whisker
strength.

1. INTRODUCTION :

The concrete brittleness and poor crack resistance can be controlled up to some extent
by reinforcement of randomly distributed fibers. The cracks from micnmacro level

can be arrested by use of fibers reinforcement. The fibers help to resistitimsn

and crack growth from microto macro level and provide bridging effect which
ultimately enhances the strength and toughr®aathiaand Sappakittipakorr2007)

The single type of fiber in concrete as a reinforcement can only be effective up to
limited extent. Nearly 45 years agbalton and Majumdaf1975) studied the use of
combining organic and inorganic fibers to achieve higher toughness and strength. After
that different type of hybrid fiber reinforced composites were developed using fiber
hybridization. It has been observed that the performance of multiscale hybrid fibers

2
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reinforced concrete mixtures is superior to that of concrete mixtures reinforced with
singletype of fibers due to positive interaction between them and this phenomenon is
conmonl y known acsThdifibarsbirehybrid fipar eeinfgrged concrete
(HFRC) can be classified by their geometrical size i.e. micro and macro fgmeed||

et al. 2015). The HFRC having two or more types of fibers has been studied and shows
higher compressive strength, tensile strength and energy dissipation capacity (Li et al.
2017). Also, the strength can be enhanced by using optimized content of different types
of fibers.

Sivakumarand Santhanaif2007)combined the differertybridfiber conbination, i.e.
steelglass steelpolyester and steglolypropylenefibers to study the mechanical
properties of HFRC. It was reported that addition of steel fiber improves the energy
absorption mechanism, i.e. bridging effect while the glass, polyester and polypropylene
fibers results in delaying the development of micracks. The reason for improved
mechanical properties was due to increased hybrid fibers which provide the bridging
effect. Steel fibers can bridge macro cracks and restrict the crack propagation at large
scale ultimately enhances the mechanical propedfeconcrete. The basalt fibers
restrict the formation of cracks at meso level. Meanwhile, Ga@®kers can bridge
micro cracks and prevent further crack propagation at micro scale (Cac2ei 8l

Yoo et al. (2017) reported that the restriction @fc&s with one dimension and length

of fibers is limited at their particular scale, but have no or little effects at other scales.
Therefore, it is necessary to combine different types of fiber and still the research is
needed form macrscale to micro scalhybrid fibers at miti-level cracking. In this
study, the strength parametest HFRC with steel fibers and calcium carbonate
whiskess having different contents dfasaltfibersare investigated.

2 EXPERIMENTAL PROCEDURES:
2.1 Materials:

The raw materia include cement, fine aggregate, coarse aggregate, super plasticizer,
calcium carbonatavhisker, basalt fibers (BF) and steel fibefable 1 shows the
chemical composition afalcium carbonatehisker. The steel, basalt fibers and CaCO
whisker are shown in Figure 1. The propertieditierent types of fiberare presented
in Table 2.

Table 1. Chemical composition GaCQ whisker (wt.%)

Chemical Co1CaCSi2CQ ApOs FeOz COQ MgO SQ@

CaGWhi sker 54. 0.2 0.1 0.042. 2.10. ¢




1stConference on Sustainability in Civil Engineeridgigust 01, 2019,
Capital University of Science and Technoldglamabad, Pakistan.

Figure 1: R€aGCGRht skiealss, ba. basal't

Table 2: Properties of different types of fibers

Si ze :
Raw I ngre : Tensil e s
Lengt | Di amet
CaCQwhi ske 2 03 One 0.i5m 306B@MO00 Ml
Basalt fil 12 mm 7~1m ¢ 304B0O000 N

Steel fib¢35 +10¢0.55 +1° 1345 +15%

2.2 Mixing Design

The mix design ratio of plain concrete (PC) anBRE is 1:21.5 (cement: sand:
aggregate) with a wateement ratio of @. The super plasticizer content &6, by
cementmass, is added @il HFRCs. The mix design ratios of all concrete miaes
shown in Table 3The mix design ratio is selected from the previous study (Khan et al.
2018).A layer procedure for the mixing oibkr reinforced concrete was adopted for
the HFRC mixKhan and Ali(2016 andKhan and Ali(2018)also reported this method
for uniform mixing and to avoid balling effect

Table 3: Mix design ratio of all concrete mixes

Mix Type Steel fiber  CaCOs whisker Basalt fiber Su_pgr
plasticizer
PC - - - -
HFRC 5% 5% 0% 1%
HFRC1 5% 5% 2% 1%
HFRC2 5% 5% 4% 1%
HFRC3 5% 5% 6% 1%

Note: The mix design ratio was 1:2:1.5:0.4 (cement: sand: aggregate: water).
All percentages are by cement mass.

2.3Test Specimens

After uniform mix, three cylinders of size 100 mm diameter and 200 mm height and
three beam specimep$ size 100 mm width, 100 mm depth and 400 mm lengtre
castfrom each batch. The fresh concrete mix was poured into the plastic moulds and
then compaction was performed on vibrating table. After 24 hours, the cylinders and

beams were demoulded and kept for 28 days in to the curing room. The ASTM standard
C 192 wadollowed for making and preparation of specimens.

2.4 Testing

The compressive strength (CS) and flexural strength (FS) tests were conducted in
accordance with the ASTM standard C39 and C1609, respectively.

3. RESULTS

3.1 Compressive strength
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Figure 2 shows th€S of PC andall HFRGs with standard deviation values of up to
10% TheCSof HFRCis increasedo 22.4 MPaand then reducasp to 20 MPat 6%

BF content ForHFRC,the CSis enhanceavith incorporation of 2% BFontentand
thenreducedwith increase in BFeontentto 6%. The reason for enhanced CS is the
filler effect of calcium carbonate whisker and also the crack bridging effect of basalt
and steel fibers. Also, the addition of higher content of fibers results in creation of air
voidswhich ultimately reduces strength. The CS of HFRC is increased up to 14% than
that of PCKizilkanat et al(2015) also reported the increase CS with addition of basalt
fiber. The calcium carbonate whisker improved the CS of cement based composites
(Cao et & 2014). The incorporation of steel fibers results in enhanced CS of concrete
and is also reported I§ong and Hwan@004). In comparison with PC, the CS of all
HFRCs is higher. The increasing trend in CS is observed up to the HFRC1.

25 A

20

Compressive strength (MPa)
——
——
—l—

[uny
(6]

PC HFRC HFRC1 HFRC2 HFRC3
Concrete Type

Figure 2:Compressive strength of all concrete types

3.2 Flexural strength

The flexural strength witetandard deviation valuesB€ andall HFRCs are shown in
Figure 2 TheFSis improvedup to 46%with incorporationof up to 86 basalt fiber
content.The multi-scale hybrid fibergrack arresting mechanisrasults in improved
FS

Flexural strength (MPa)
w

PC HFRC HFRC1 HFRC2 HFRC3
Concrete Type

Figure 3: Flexural strength of all concrete types

Thesteel fibers, BRand calcium carbonate whiskefered crackesistance anacroe
, mese and micrelevel, respectively Song and Hwandg2004) stated thathée

5
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incorporationof steel fibersmproves thdlexural strengthThe improvement in FS of
concrete with inclusion of BF is also observedkigilkanat et al.(2015). The FS of

all HFRCs are higher as compared to tha®Gflt may be noted that as the content of
basalt fiber increases the FS of HFRC increases. However, the HFRC3 showed the
highest FS than that of PC and all other HFRCs. The standard deviation values of all
concrete types are up to 14%.

4. DISCUSSION

The fibers are surrounded by adhesive contact of paste which improves the strength of
concrete from stress transfer mechanism between matrix and reinforced fibers as shown
in Figure 4. Moreover, a part of tensile stresses are taken by fibers generated due t
applied loading, thus resist crack growth and help to retain compact microstructure.
Also, the applied load is transferred to the fibers cenmaitix which also keeps the
fibers together. The competence of a HFRC is dependent on thentibex interface
and the capability to transfer stress from the matrix to the fiber. The tensile cracking of
concrete is controlled and delayed through discontinuous randomly distributed multi
scale fibers throughout the cement paste. A slow controlled crack growthioherent
unstable tensile cracks is due to the incorporation of +acétie fibers during crack
propagation at different levels. This slow crack growth property of fibers delays the
initiation of shears and flexural cracks and ultimately improves thagth
i o A s AT By

.

Basalt
fibers

a. b.
Figure 4: Fiber bridging during crack propagation, a. steel fiber, b. basalt fibe

5. CONCLUSIONS:

Following conclusions are made:
1 The compressive strength of hybrid fiber reinforced concrete having 2% basalt
fiber content inhanced up to 6%, when compared with that of plain concrete
1 Compared to plain concrete, an increment of 46% is observed in flexural
strength of hybrid fiber reinforced concrete with 6% basalt fiber cantent
1 The positive synergy of hybrid fibers can besetved from improved strength
properties of concrete.
1 The increased strength shows that the rualtile hybrid fiber can resist the
cracking and control the initiation of cracks at midirel.
Based on above results, thaulti-scale hybrid fibersshowed he satisfactory
performanceTherefore, further studies should be carried out on optimization of basalt
fiber length and content in HFRC
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Abstract

Nowadays, one of the main concerns of the researchers, is to control the increasing rate
of pollution. Several studies are conducted to overcome the burdenianenental
pollutants. The Sugarcane bagasse ash (SBA) being pollution needs proper disposal. In
addition to SBA, the stone dust (SD) being remaining of the stone processing plants,
also requires proper disposal. SBA due to cementitious nature and Sheeimgture

can be used as a partial substitute to the cement and sand, respectively. Hence, the
suitability of the partial replacement of the cement with SBA and sand with SD, needs
to be explored. In this pilot study, the slump, compressive stren§hai@ splitting

tensile strength (TS) of the normal strength concrete for partial replacement of cement
with SBA and of sand with SD are examined. 9% of cement weight is replaced with the
same amount of SBA. And 40% and 50% of sand weight is replacedquitth weight

of the SD. The specimens are tested according to the ASTM standards. The highest
slump is noticed for the normal concrete having zero percent of SBA and SD. The
samples comprising of replacement of 9% SBA and 40% SD showed the highest CS as
compared to other samples. The incorporation of 9% SBA and 50% SD gave maximum
TS. Hence, the partial replacement of cement with SBA and sand with SD, can be
employed for strength improvement of normal strength.

Keywords: Normal strength concrete, Sugarcdrmegasse ash, stone dust, strength
improvement.

1. INTRODUCTION:

In the modern era, the researchers are trying to utilize the industrial wastes in some
beneficial products to overcome the burden of pollution. The industries have significant
role for thefinancial stability of the world but on other hand thedrgducts and wastes
generated in the industries during the manufacturing process also grounds a huge
burden of pollution on the society. One of the wastes produced by Sugarcane industry
is bagassesh. Bagasse ash being waste of the sugar mills is damped out in valuable
lands because of which various ecological issues have been accounted for (Cokca et al.
2009). Janjaturaphan and Wansom 2010 reported that the Sugarcane bagasse ash (SBA)
is a cementibus material which carries good binding properties and could be utilized
for improving the engineering properties of the soil. Sugarcane bagasse could be used
as a substitute for the manufacture of particleboards and it could also be utilized for
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variousapplications of civil engineering like construction of floors etc. (Battistelle et
al. 2016; dos et al. 2014). Castaldelli et al. (2013) stated that the SBA could be
employed for preparing concrete and other building material, such as blocks and bricks.

Like the SBA the stone dust (SD) being waste material is also available in large
guantity. SD can reduce the cost of concrete by replacing the sand partially. The dust
produced during the processing of stone in the stone processing plant, normally
surpassethe limit specified by the ASTM C7787 and the sand needs to be washed.
This process shows a significant economic loss in the available natural resources, and
an increase of waste that makes dust disposal problem at quarries (Malhotra & Carette
1985; Kalheff 1977), since, only slight amounts are used as a filler material in asphalt
concrete. Balamurugan et al. (2013) reported that significant improvement was reported
in mechanical strengths of M20 and M25 grade concrete when sand was replaced by
SD. Safiddin et al. (2007) investigated the effectiveness of the sand replacement with
qguarry dust for cement concrete. It was stated that the sand replacement with quarry
dust, resulted minute rise in the dynamic modulus of elasticity with reduced
compressive stingth as compared to that of the plane concrete.

In the current research program, the behaviour of the normal strength concrete for the
partial replacement of cement with Sugarcane bagasse ash and sand with stone dust are
evaluated. The general aim is txaenine the effectiveness of the usage of Sugarcane
bagasse ash and stone dust in the same mix of the concrete. In this study, the
compressive and splitting tensile strengths along with the slump of the concrete are
evaluated for replacement of the 9% cemeeight with same amount of Sugarcane
bagasse ash and 40% and 50% of sand weight with same quantity of the stone dust.

2. MATERIALS AND CASTING, PROPORTIONING, AND DESIGNATION:
2.1 Materials

Ordinary Portland cement (OPC) complying with the ASTM C150 Typeutilized

in this experimental study. The maximum size of coarse aggregates is taken as 3/4 inch
(19 mm).Sand graded between No.4 (4.75mm) sieve and N0.100 (150 pm) is used in
making of all samples. The stone dust used complies with the requireshé&y83 M
C33/33M18.Locally availableSugarcane bagasse ash of Mardan Sugar Mill is used in
the current investigation. Sugarcane bagasse ash obtained is sieved through No. 200
sieve.

2.2 Samples preparation and properties

The samples for each test aesttand cured according to the ASTM standard specified
for corresponding test. The mix design of the 1:2:4 is used for the concrete with water
to cement ratio of 0.68. The samples used in the study are designated as NC, 9B:40S,
and 9B:50S. The NC designatthe sample, which have zero percent of Sugarcane
bagasse ash (SBA) and stone dust (SD). In each of the 9B:40S, and 9B:50S, the 9B
presents the percentage of cement weight replaced by same quantity of SBA while 40S
presents the percentage of the sandamsal by same amount of SD. Hence 9B:40S is

the sample having 9% cement weight replacement with SBA and 40% of sand with SD.
Designations and mixing properties of the samples are demonstrated in the Table 1.
Three samples are tested for each property amoh okthe three results is considered

as a final value for the corresponding property.
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Table 1. Sample designation and mixing properties

Mix Binder  Fine Aggregate Coarse
Sample design W/C OPC SBA River Stone Aggregate
Sand Dust
NC 100% 0% 100% 0% 100%
9B:40S 1:2:4 0.68 91% 9% 60% 40% 100%
9B:50S 91% 9% 50% 50% 100%

OPC = Ordinary Portland cement, NC = Normal concrete (0% SBA and 0% SD'
SBA = Sugarcane bagasse ash

3. EXPERIMENTAL PROCEDURES

The standard procedure of the ASTM C143 / C14134 is used for the slump test.
ASTM standard C39 / C39M7 is used to perform the compressive strength test of the
standard size cylindrical specimens in 2000 kKN compression testing machine. The
cylindrical standard size specimens are tested according to the ASTM standard C496 /
C496M-17 for determining the splitting tensile strength.

4 RESULTS AND DISCUSSIONS
4.1 Slump

Slump test results of the normal concrete (NC) specimens and Sugarcane bagasse ash

(SBA) and stone dust (SD) incorporating specimens 9840S and 9B:50Sare

displayed in the Table 2. The slumps of 3.62 inch, 2.87 inch, and 2.56 inch are noticed

for NC, 9B:40S, and 9B:50S, respectivelshe NC having zero percent of SBA and

zero percendf SD gave the highest slump for the same W/C ratio. The slumps of the

9B:40S and 9B:508re 0.75 inch and 1.06 inch, repectively, less than that of the NC.
Table 2 Results of slump tests

Samples W/_C Slump Slump Slump difference
ratio (Inch) (%) (%)
1) 2) 3) 4) (5)
NC 0.68 3.62 100 0
9B:40S 0.68 2.87 79 21
9B:50S 0.68 2.56 71 29

The percentage comparsion of the slumps and their percent differences with respect to
NC, are given in the fourth column and fifth column, respectively, of the Table 2. The
slump of the9B:40S and 9B:50S, reduced by 21% and 29%, respectively as compared
to that of the NC. Hence, it can be deduced that the addition of SBA and SD into
concrete may reduce its workability. The possible reason for the decrease in the slumps
may be the high tendency of the SD for water absorption due to its clayey nature.

4.2 Compressive Strength:

28 days compressive strength (CS) test results of the normal concrete (NC) specimens
and Sugarcane bagasse ash (SBA) and stone dust (SD) incorporating specimens (i.e.
9B:40S and 9B:50S) are revealed in the second column of Table 33 of 3009.9

psi, 3221.1 psi, and 3194.7 psi, are observed for NC, 9B:40S, and 9B:50S, respectively.

The CS of the 9B:40S and 9B:50S are 211.2 psi and 184.8 psi, respectively, greater
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than that of the NC. The maximum CS of 3221.1 psi is noted for 9B:40S

Table 3. Results of compressive strength (CS) and splitting tensile stren
(TS) tests

Samples 28 days CS (psi) 28 days TS (psi)
1) (2) 3)
NC 3009.9 273.46
9B:40S 3221.1 251.58
9B:50S 3194.7 274.45

The percentage comparison of the CS is demonstrated in the Figure 1. The CS of the
9B:40S and 9B:50S are found 7% and 6%, respectively, more than that of the NC. It
can be concluded that the collective role of both SBA and SD may resulted in the
improved G5. The Sugarcane bagasse ash may be helpful in improving the CS by virtue
of its cementitious nature, which can bond excess quantity of the inert ingredients
(aggregates) of the mix. Similarly, the SD may also be helpful in strengthening the bond
between he inert materials due to its clayey nature. Hence, the usage of optimized
amount of the SBA and SD may be helpful in upgrading the CS of the concrete.

$ 150 $ 150
Y 1 107 106 o .
G 100{ £ sisy 5 100 2200 920 107
g resee 1) 2888
8 13833 & b3s
g 901 resse o 50 233
3] brdod S] 220
/3] o6 o boss
g 4. _ __teeed o g . —Leee
NC 9B:40S  9B:50S NC 9B:40S  9B:50S
Figure 1. Percent Figure 2. Percent
compressive ¢ splitting ten

4.3 Splitting tensile Strength:

28 days splitting tensile strength (TS) of the normal concrete (NC) specimens and
Sugarcane bagasse ash (SBA) and stone dusin&Dporating specimens (i.e. 9B:40S

and 9B:50S) are demonstrated in the third column of Table 3. The TS of 273.46 psi,
251.58 psi, and 274.45 psi are noticed for NC, 9B:40S, and 9B:50S, respectively. The
TS of the 9B:50S is 1 psi greater than that ofNii2 While the TS of the 9B:40S is
21.88 psi less than that of the NC. The 9B:50S outperformedfibe 8D samples in
upgrading TS.

The percent comparison of the TS is presented in the Figure 2. The TS of the 9B:40S
is 8% less than that of the NC. And th8 of 9B:50S exceeded the TS of the NC by
minute amount of 0.4%. A significant variation in the TS of the concrete is noticed by
varying the amount of partial replacement of the sand with SD. As compared to sand
samples with 0% SD, increase in the TSh&f samples having partial replacement of

the sand with SD is observed. This can be associated with the improvement in the
packing and binding among the SD particles and other surrounding aggregates due to
presence small size particles. But this increasdinging can be limited only to a
specific percent for any unique mix design. So, use of the optimized percentages of the
partial replacement are very important for attaining the maximum possible TS of any
mix design of concrete. The percentage of the SBA SD need more -tepth
optimization for the TS.
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5. CONCLUSIONS:

Following conclusions are made from the present investigation:
1 The slumps of the 9B:40S and 9B:50S, reduced by 21% and 29%, respectively,
as compared to that of the normal concrete (NC).
1 The compressive strength of the 9B:40S and 9B:50S, increased by 7% and 6%,
respectively, as compared to that of the NC.
1 Splitting tensile strength (TS) of the 9B:40S is 8% less than that of the NC. And
the TS of 9B:50S increased by 0.4% than that oNGe
The experimental outcomes showed significant improvement in the considered strength
properties of the concrete by the partial replacement of the cement with Sugarcane
bagasse ash and sand with stone dust. The optimization of the percentages aathe part
replacements with Sugarcane bagasse ash and with stone dust in NC is under
consideration in the parallel study.
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Abstract

Foundry sand consists primarily of clean, uniformly sized, Hgjghility silica sand or

lake sand that is bonded to form moulds for ferrous (iron and steel) and nonferrous
(coppe, aluminium, brass) metal castings used by foundries. This sand can be recycled
and reused three to five times before disposal. The disposed sand is known as Waste
Foundry Sand (WFS). The opportunity to replace the natural fine aggregate with
industrial ly products embodies various technical, economic and environmental
advantages resulting into a more sustainable construction sector. Different experiments
have been carried out to assess the strength and characteristics of concrete using WFS.
Proposed worlks an effort to determine the strength and economic feasibility of using
WEFS and recycled aggregates an alternative to fine and coarse aggregate respectively
in preparation of structural concrete. Concrete mixes were prepared with 0%, 10% and
15% replacem® (by weight) of fine aggregate by waste foundry sand and 20%
replacement (by weight) of coarse aggregate by recycled aggregate. Mechanical and
physical properties of the materials were evaluated using various tests. It includes
Fineness Modulus, Bulk Spiic Gravity and Water Absorption testhese materials

were used to cast the sample in a cylinder of dimengions: | 12 t+ for corl
testing. Testing was carried out & 74" and 28'day. From the tests it was found that

WEFS based concrete hasceptable working strength and can be used in civil structures.

Keywords: WFS: Waste Foundry Sand, CA: Coarse Aggregate, RA: Recycled
Aggregate, F.M: Fineness Modulus

1. INTRODUCTION:

The word concrete originated mean®aompadhe L atii
or condensed [1]. It is a very strong construction material and consists of cement, sand

and coarse aggregate mixed with water. It is the most used material after water and its
utilization is about a metric ton per annum per capita. Its teabbe properties in fresh

and hardened state have raised its usage to 12 billion tons per year globally. It is a
cheaper material and performs better than aluminium and steel

Waste materials like waste foundry sand and recycled aggregate concrete which are
burden on environment can be used as a new technique in construction industry that is
exploring rapidly on a large scale Waste foundry sand is obtained by burning sand after
the casting process of metal is reuse for many times but when it cannot beukedjer

it is removed from foundry as a waste for disposal. Use of waste foundry sand as a
partial replacement or total replacement by fine aggregate in concrete results in

production of economic, light weight and high strength conj@pte
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Recycled aggrega can be generated from demolished construction structure which
comprises of broken members or components likes the slab, beam, brick wall and
others. Since the quality data of these broken materials are often unknown, such as
water cement ratio, kind afdmixtures, aggregate origins and gradations, as well as the
differentiation of its properties during the performance time, thus it should refer to
historical data of the components, physical characteristics, mechanical characteristics
and environmental @racteristics [3].

Due to rapid growth in population the demand of building construction and hence the
demand of construction materials like concrete is also rising. So other than using natural
sources we have to find other alternative sources of cormpatituents to produce
concrete of adequate strength. Waste foundry sand from metal industry causes various
environmental problems. Such waste material which is harmful for the environment can
be used for the development of low cost andfeemdly buildng materials. Concrete

is a material which is composed of coarse aggregate, fine aggregate, cement, admixtures
and water, all of these each material in concrete contributes towards its strength. So, by
partial replacing of material affects different pradjes of concrete. The purpose of this
research work is to study the effect of partial replacement of waste foundry sand (WFS)
with natural sand on mechanical properties of concrete using recycled aggregate
concrete. And to produce low cost and-&wendly concrete using waste foundry sand

and recycled aggregate concrete

2. EXPERIMENTAL PROCEDURES:

2.1 Materials

The Ordinary Portland Cement (OPC) ASTM Type | of Grade: 42.5 with 32 %
consistency was used. The initial and final setting time of OPC was 31 minutes and 130
minutes respectively. The Lawerancepur sand was used as fine aggregates. The physical
characteriscs of fine and coarse aggregates are summarized in table 1.

Tablel: physical characteristics of fine and coarse aggregates

: Non-Ferrous
. Fine Coarse
Properties waste foundry
Aggregates  Aggregates

sand
Bulk Specific Gravity(Oven Dry) 2.52 2.63 2.14
Bulk  Specific  Gravity (SSC
Condition) 2.58 2.64 2.27
Apparent Specific Gravity 2.69 2.66 2.48
Water Absorption (%) 2.48 0.546 6.40
Fineness modulus 2.64 7.96 0.93
Bulk Density (Compacted) Ibsfft - 96.76 -
Bulk Density(Loose) lbs/ft - 88.16 -
Flakines index (%) - 5.10 -
Elongation index (%) - 13.72 )
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2.2 Concrete Mix Design
Table2: Mix Design Ratio

Ce(g)e nt Sand (S) Coarse aggregate (CA)
364 673 1088
1 673/364 1088/3644
1 1.94 2.98

1 Ratio for concrete migesign is 1:2:3

Table 3: Mix Proportion

No of
SrNo  Mix ID S(geC'Te” Cement Sand W.F.S NA RA Water
Cylinder)
Kg/m?3 Lit/m 3
1 Conventional g 195 39 0 5850 0 11.70
Concrete
2  10%W.FES 09 195 3510 390 117 0  11.70
3 15% W.F.S 09 195 3315 585 5850 0  11.70
0% W.F.S +
4 00 % RA 09 195 39 0  46.80 11.70 11.70
10 % W.E.S
5 000 RA 09 195 3510 3.90 46.80 11.70 11.70
15 % W.E.S
6 000 RA 09 195 3315 585 46.80 11.70 11.70
Total_noof 54
specimen

a. b. C.
Figurel: Recycled Aggregates and Waste Foundry Sand

2.3 Casting of Concrete Specimens

Cylindrical concrete specimen with 6 0
compressivestrength. The concrete constituents were mixed in a revolving drum type
mixer for approximately three to six minutes to obtain uniform consistency. Additional
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mixing time of about two minutes was provided for thaste foundry sand mixed
concrete mixtureso ensure homogeneity. After mixing, tbglindrical moulds were
ylled inthreelayers and fully consolidated on a vibrating table to remove any entrapped
air.

3. COMPRESSION TEST

The compressive strength of the sample was calculatetl and728' day by dividing

themaximum load achieved during the test on the transverse ra@gienest was made

following the standard procedure describedin ASTM 9. Cyl i ndrixcal spec
120 were used. The specimens were cured in lab curing tank until thef éeging.

Each value of the compressive strength represents an average of three. Cylindrical
specimens were capped with plaster of Paris and tested in saturated state. Rate of
loading was kept at 200 to 400 Ibs/sec according to ASTM standard andpadaig|

was kept 23 to 68 Ibs. Testing procedure was follomsedescribed in ASTM C 39.

4. RESULTS AND DISCUSSION

4.1Slump Test

Workability of concrete mixture is measured by slump test: The slump test was
conducted in accordance with the ASTML&3guidelines. In this test the slump cone

was used. Three equal layers of concrete were filled in the sliding cone and compressed
using 25 strokes of crimping rod. The rod was tempered having a diameter of 5/8in and
length of 24 in. The slump test providegaod estimate of expected operability.

Figure 2 Slump test

Table2: Slump test values of various mixes of WFSC

Sr.# Mix 1D Percentage replacement of WFS + RA Slur(rilrf)c?]/)alue
1 NRAWES 0 Traditional concrete 100 %tatural sand 0 % 3
W.F.S
2 NRAWEFS 10 10% replacement by WFS 4
3 NRAWEFS 15 15% replacement by WFS 6
4 RAWEFS 0 0% W.F.S + 20 % RA 3
5 RAWES 10 10 % W.F.S + 20 % RA 5
6 RAWES 15 15 % W.F.S + 20 % RA 6
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4.2 Results ofCompressiveStrength Test:

At each age average of three cylinders was taken for determination of average
compressive strength. Compressive strength is significantly increased. The behaviou
can be seen through table 3.

Table3: Results of compressive strength @sWWFSC

Percentage Replacement Compressive Strength Psi

Sr.# Mix ID Of WES

7 Days 14 Days 28 Days
Traditional concrete 100 9

1 NRAWFSO natural sand 0 % W.E.S 2980 3240 3465

NRAWFS 10 % replacement by

2 10 WES 2900 2980 3155
NRAWFS 15 %replacement by

3 15 WES 2740 2750 2835

4 RAWES 0 0% W.F.S + 20 % RA 3370 3125 3220

5 RAWFS10 10% W.F.S+20%RA 2840 2840 3080

6 RAWFS15 15% W.F.S+20%RA 2690 2670 2970

Cylinder Compressive Strength
4Ud\aﬁAWFS 0 = NRAWEFS 10 @ NRAWFS 15 # RAWFS 0 » RAWFS 10 =~ RAWFS 15
3000
2000
1000

Compressive
Strength(PSI)

I
W%
L

0
7 Days 14 Days 28 Days

MIX Design

Figure 3:Compressive strength of-W/FSC at all ages
5. CONCLUSIONS:

The reuse of neferrous waste foundry sand and recycled coarse aggregate as a
substitute for natural sand and coarse aggregate respectively in concrete production
was evaluated based on the mechanical properties of the resulting cdralleténg
conclwsions are drawn from the finding of literature survey and results of the detailed
experimental work of this project:

1 Concrete prepared with ndarrous waste foundry sand concrete has various
benefit characteristics such as reduced the cost and envir@hpreftiem from the
foundry waste disposal.

1 The workability of fresh concrete increased with increase in the percentages dosage
of nonferrous waste foundry sand content.

1 The compressive strength values for concrete with 10% and 15% regular sand
replacements with Neferrous waste foundry sand are lower than the concrete with
no replacement.
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1 Compressive strength of nderrous waste foundry sand concrete also decreases
with increase in content of ndarrous waste foundry sand.

1 Concrete containop 0% replacement of fine aggregate with Merrous waste
foundry sand and 20% recycled coarse aggregate showed flexural strength higher
to that of the control mix at 14 days.

1 Compressive and flexure strength of #ferrous waste foundry sand concrete is
observed to decrease with increase in dosages.

1 Theanalysisof nonferrouswastefoundry sandindicatedthatnonferrousfoundry
sandcanbeavery suitablematerialfor concretgroduction However thefineness
andhigh waterabsorptiorof this sandincreaseshe waterdemandof the concrete,
and by increasein the workability of the concretedue to its finenessand
compositionandchemicalreaction.

1 Recycledcoarseaggregatencreasesond strengthand henceeffectiveto useas
partial replacementwithout sacrificing strengthat all and economycan also be
achieved.

1 This sand and recycled coarse aggregate can be used in those projects where low or

medium strength is required because these will contribute towards economy.
1 Cost of norferrous waste foullry sand is not more due to their free availability,
however this sand is cheaper than natural fine aggregate resulted in economy.

6. RECOMMENDATIONS:

In this researcWWFS andrecycledaggregateisedandrecommendhatit is safeto use
partial replacementf fine aggregatevith WFS up to 10% replacementAnd coarse
aggregatespartially replaced with recycled aggregatesfor 20% obtained from

demolishectoncretestructurego producenormalstrengthconcrete.
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Abstract

Natural resources of limestone, coal, and oil are depleting day by day due to its high
usae in the production of cement. Researchers are searching for easily obtainable and

economical materials, which can be used as a cement replacer in concrete. Bagasse ash,

wood ash (WA), and rice husk ash are pozzolanic nature materials obtained as
byproduds from agriculture and industry. These are pollutants for surrounding and
utilizing them as cement substitution materials will lessen the contamination as well as
expense of the cement. The overall aim of this study is to evaluate the performance of
the oncrete for cement replacement with WA. In the current research, the effect of
replacement of cement with local WA on workability and compressive strength of
concrete as well as chemical composition of ashes and strength activity index of WA
samples werexamined experimentally. ASTM C39/C39W, was adopted to cast and

test concrete cylinders for evaluation of the compressive strength at the age of 7 days,
28 days, and 56 days. Wood ash of three different local sources i.e. boiler of Rado 80
textile mill, kiln of the Liaquat Hall mess, and Doce bakery was used. The chemical
composition of each type of the WA was determined by using wet analysis method. The
control mix consisted of cement, sand and aggregates in the proportions of 1, 2, and 4,
respectivelywith water to cement ratio of 0.60. The test specimens were also cast in
the same proportion with 10% replacement of the cement by same amount of the WA.
The workability of the test mix got reduced as compared to that of the control mix. The
results of corpression test showed that concrete containing WA of boiler of Rado 80
textile mill, was comparatively good as compared to that of other types of the WA
samples used in the investigation. The incorporation of the WA showed the potential to
achieve the reqred strength of the concrete with low cost wood ash as replacement for
cement. But detailed optimization of the percentage of the replacement of the local
wood ash with cement is required.

Keywords: Normal strength concrete, local wood ash, cement repEtemproperties
improvement.

1. INTRODUCTION

Cement is an important and expansive ingredient of the concrete, which forms 10% to
20% of concreteds mass. The cement has
in environment. The utilization of waste material as a substitution for cement has turned
out to be increasingly latest trend to save atmosphere. Number of industrial wastes like
fly ash, bagasse ash, wood ash, and rice husk ash are produced during different
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processes in industries. Recently, some of the locally produced wastes like lime stone
qguarry dust, electric arc furnace slag, industrial granite sludge, bagasse ash, and glass
waste sludge were investigated as a possible cement replacer (Khan et al. 2019; Amin
et al. 2017; Amin et al. 2017; Amin 2017). It was reported by different reszarittat

some of the pozzolanic industrial wastes could be utilized as cement substitute in
various types of the cement composites (Khan et al. 2019; Rukzon & Chindaprasirt
2012; Naik et al. 2003; Ganesan et al. 2007).

The use of timber processing waste dorestry biomass as fuel in various industries
has caused a key problem, linked to the production of significant quantities of ash as a
by-product from the burning of such biomasses. A local method offiting is used

for disposal of large portion lfaut 70%) of produced wood waste ash (Etiegni and
Campbell 1991; Campbell 1990). The seepage of rainwater or leakage of the heavy
metal contents may arise numerous issues like contamination of ground water (Udoeyo
et al. 2006). Hence, the loftigrm impactf wood ash disposal through landfilling is

not a safe and proper solution. These issues need suitable way of wood ash disposal as
a solution. Several types of factories in Pakistan such as Gourmet foods, Doce foods,
Rado 80 textile mill and many othereausing wood as a fuel. Moreover, timber
industries have developed boiler units at small size, which use timber wastes as fuel. In
this way, wood wastes obtained from the same industry are used as fuel for boilers.
Recent researches had indicated that weaste ash was found feasible as a cement
substitute material in production of concrete with satisfactory amount of durability and
strength (Cheah & Ramli 2011). Naik (1999) reported that all the samples of mortar
mixes obtained by 10% replacement of cetr&rowed the maximum compressive
strength. Rajamma et al. (2009) also analyzed that wood waste fly ash from wood
biomass fired power plant when used as a 10% replacement with cement in mortar mix
gave higher 28 days compressive strength. As the wood esledhhe potential to be

used as a cement replacer. Therefore, the suitability of the locally available ash also
needs to be checked as a cement replacement in concrete production. For this purpose,
in the current research three different types of loaatigessible ashes were analyzed

as a cement replacer in the concrete mix.

In the present investigation, the wood ashes local sources of boiler of textile mill of
Rado 80, Doce bakery, and kiln of the mess of Liaquat Hall were incorporated as a
cement replaer in the cement mortar. The outcomes of the ash wet analysis test,
strength activity index testyorkability, and compressive strength tests of concrete were
examined experimentally. In this study, 10% of cement weight was replaced in concrete
mix by sameamount of locally available wood ash.

2. SAMPLES CASTING, PROPORTIONING, AND DESIGNATION

2.1 Materials

The locally available wooden ash (WA) was used in this work. The ashes of the three
different sources were used for this purpose i.e. i. ashes fromn bbRado 80 textile

mill ii. Ashes from Doce bakery situated in Lahore and iii. Ashes of kiln of mess of the
Liaquat Hall located in Government College of Technology, Rasul. The wood ash was
passed through 0.074 mm sieve (No. 200) to bring it within pleeied size of the
cement and to make it free of dust and other impurities.

2.2 Samples preparation and designation

The mix proportion of 1:2:4 (cement:sand:aggregates) was used for preparation of all
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concrete samples with a consistent water to cemént (#/C) of 0.60. Slump cone
test was used for determining the workability of the fresh concrete. The standard size
(150 mm diameter and 300 mm height) cylinders were used. Normal concrete was used
as a control concrete and three specimens were cast.tyFsearen cylindrical
specimens having 10% of cement replacement with same amount of WA (nine for each
type of wood ash) were cast for determining the 7 days, 28 days, and 56 days
compressive strength of the concrete. Sample designation and mix propargact
type of the mix are shown in the Table 1. The CC represents the control mix (0% of
WA), BWA represents the sample had WA of boiler of Rado 80 textile mill, DWA is
the sample which had the WA of Doce bakery Lahore, and MWA is the sample had
WA of kiln of the Liaquat Hall mess. The mortar cubes of 50 mm side were cast for
performing the strength activity test. Total of nine mortar cubes (three for each type of
WA) were cast. Average of three results was considered the final value for each
property.

Table 1. Sample designation and Mix proportion

Sample Mix w/C Binder Content Fine Coarse
Design OPC WA Aggregate  Aggregate
% % % %

CC 1:2:4 0.6 100 0 100 100
BWA 1:2:4 0.6 90 10 100 100
DWA 1:2:4 0.6 90 10 100 100
MWA 1:2:4 0.6 90 10 100 100

OPC =Ordinary Portland cement, WA = Wood ash

3. EXPERIMENTAL PROCEDURES

Slump test was performed as per the standard method of the ASTM C143/Q543M

The chemical composition of all the wood ash samples and cement were determined by
wet analysis to check the criteria of ASTM C&1® The compressive strength test of
mortar wbes for strength activity index and concrete cylinders were carried out
according to ASTM C109/C109MI6a and ASTM C39/C39M7, respectively.

4. RESULTS AND DISCUSSIONS

4.1 Chemical content of wood ashes

Chemical composition of all the wood ash (WA) sampled cement were determined
by wet analysis to check the criteria of ASTM Cé&ll8(Mineral Admixture Class C).
Wet analysis test results are demonstrated in Table 2.

Table2. Results of wood ash chemical analysis

Constituents Cement Boiler WA Doce WA Mess Kiln WA
% % % %
SIO, 13.81 55.52 13.50 20.66
Al203 6.85 3.11 4.21 3.663
FeOs 0.01 0.401 1.37 1.2
CaO 60.52 9.92 25.76 17.92

From the chemical analysis of wood ashes, it was found that the amount of CaO was
less in every type of the WA as comapred to that of the cement. The summation of the
total amount of the silicon dioxide (SifQ aluminium oxide (AdOs), and Iron oxide
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(Fex0s) was found 26%, 18%, and 59%, for Boiler WA, Doce WA, and Mess Kiln WA,
respectively. The Boiler WA was able to achieve the higher value of the sum of three
types contents as compared to other two types of the ashes but still it did not achieve
the mininum requirement for natural pozzolana for using as a mineral admixture in
cement concrete according to ASTM C &8

4.2 Strength activity index

ASTM C311/C311M18 was followed for determinng the strength activity index (SAI)

for wood ash samples. The SéfitheBWA, DWA, and MWAmortar specimens were

91%, 97%, and 91%, respectively. Hence the SAI of each of the sample was more than
75%, confirming the pozolanic activeness of the ashes as well as their suitablity for use
in concrete.

4.3Slump Test

Workability of concrete was determined by slump cone test in accordance with ASTM
C143. The slump of 50 mm, 40 mm, 40 mm, and 40 mm was noticed for control mix
having zero percent of wood ash (CC), Boiler wood ash samples (BWA), Doce wood
ash samples (DWA)and Mess Kiln wood ash samples (MWA), respectively. The
slump of BWA, DWA, and MWA reduced by 20% as compared to that of the CC.
Slump results showed that for increase in the contents of the wood ash caused
significant decrease in the slump for the saMi€ ratio.

4.3 Compressive Strength:

The compressive strength (CS) of concrete specimens at an age of 7 days, 28 days, and
56 days were determined in accordance with ASTM C39 / GBBM he compressive

test results are presented in Table 4. The 7 dayef@$ control mix having zero
percent of wood ash (CCBoiler wood ash sampldBWA), Doce wood ash samples
(DWA), andMess Kiln wood ash sampleM{VA) were 17.8 MPa, 17.1 MPa, 11.4

MPa, and 12.6 MPa, respectively. The 7 days CS of 17.1 MPa of BWA sasdhest

to the 7 days CS of control mix with the slight reduction of 0.07 MPa. The lowest 7
days CS of 11.4 MPa was noticed for DWA. The 28 days CS of the CC, BWA, DWA,
and MWA were 23.5 MPa, 21.2 MPa, 16.4 MPa, and 15.3 MPa, respectively.

Table 3. Comressive strength test results

Compressive Compressive Compressive

Mix strength strength strength

7-days 28-days 56-days
(MPa) (MPa) (MPa)

1) (2) 3) 4)

CC 17.8 23.5 30.0
BWA 17.1 21.2 29.5
DWA 11.4 16.4 16.8
MWA 12.6 15.3 15.5

By comparing the 28 days CS of the wood ash samples, the highest 28 days CS of 21.2
MPa was noticed for BWA while the lowest 28 days CS was observed for MWA. The
28 days CS of the BWA was the nearest to that of the control mix with zero percent
wood ash. e 56 days CS of the CC, BWA, DWA, and MWA was 30.0 MPa, 29.5
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MPa, 16.8 MPa, and 15.5 MPa, respectively. By comparing the 56 days CS of wood
ash samples, the BWA showed the highest CS of all. The 56 days CS of the BWA was
12.7 MPa and 14 MPa greater thaattof the DWA and MWA, respectively. The 56
days CS of the BWA was slightly decreased by 0.5 MPa than that of the control mix.
The percentage comparisons of the 7 days, 28 days and 56 days compressive strengths
are demonstrated in Figure 1, 2 and 3, resypely. The 7 days CS of the CC was 4%,
36%, and 29%, more than that of the BWA, DWA, and MWA, respectively. The lowest
decrease in the 7 days CS was noticed for BWA incorporated samples. The 28 days CS
of the BWA, DWA, and MWA were less than that of B€ by 10%, 30%, and 35%,
respectively. The minimum decline of 10% was noticed in the 28 days CS of BWA than
that of CC. As compared to the 56 days CS of control mix, the 56 days CS of BWA,
DWA, and MWA was decreased by 2%, 44%, and 48%, respectively\gi& diecrease

of 2% was noted in 56 days CS of the BWA sample as compared to 56 days CS of the
control mix. The 28 days strength results showed that by replacing 10% cement with
BWA, drop in strength was 10% and this drop in strength reduced to 2% aftay$6
probably due to delayed hydration in comparison with control concrete. Hence, the
samples having wood ash of the boiler of Rado 80 textile mill, showed the highest
compressive strength as compared to samples with wood ash of Doce bakery Lahore
and wodal ash of kiln of the mess of Liaquat Hall.

—
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It can be concluded that thest results indicated that by addition of wood ash in
concrete the compressive strength decreased, but this reduction in compressive strength
was less prominent after long time curing. This may be due to the late pozzolanic action
of the wood ashes. BWAepformed better out of three ashes in improving the
compressive strength of the samples.

5. CONCLUSIONS

Following conclusions were made from the current study:

A The strength activity index of thBoiler WA, Doce WA, and Mess Kiln WA
mortar specimens was 91%/%, and 91%, respectively.

A The slump of BWA Boiler WA sample}y DWA (Doce bakery WA samplgsand
MWA (Mess Kiln WA samplesyeduced by 20% as compared to that of the
control mi x (CC) A0% wood asho.

A As compared to the 7 days, 28 days, and 56 dagygressive strength (CS) of
the CC, the minimum reduction of 4%, 10%, and 2%, respectively, was noticed
in CS of the BWA as compared to CS of other companions.

A The lowest 28 days, and 56 days CS was observed for the MWA that was 35%
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and 48%, respectiveligss than that of the CC. While the lowest 7 days strength
was noted for DWA that is 36% less than that of CC.
The experimental outcomes showed significant impact on the considered properties of
concrete by addition of the wood ash as a partial repladefoercement. Further
investigation is required to evaluate the optimized content of the wood ash for better
strength properties of the concrete as well as cement mortars.
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Abstract

Use of alternative aggregates has become a
they have significantly reduced the seeimonomic stresses which the construction
industry is facing nowadays. This research is dedicated to studying the behavior of
concrete incorporating crumb rubber as a partial replacement of fine aggregate and
polyvinyl alcohol fibers as the addition of cement. PVA dosages of 1% and 2% by mass
of cement and rubber dosages of 5% and 10% by weight of fine aggregate were
incorporatedinto concrete. The parameters of the study were slump test, the fresh
density of concrete, water absorption and compressive strength. Test results show that
the density, workability, and strength of concrete took a nosedive as the rubber content
increaseshich is attributed to the fact that rubber is lighter in weight, has a rough
texture, increases the viscosity and form a weak bond with cement. On the flip side,
PVA has shown a positive influence on the engineering properties of concrete. Hence,
PVA canbe used to overcome the issues associated with the use of crumb rubber in
concrete.

Keywords: Alternative aggregates, rubberized concrete, fiber reinforced concrete,
polyvinyl alcohol fibers, crumb rubber, mechanical strength parameters, fresh
propertiesof concrete.

1. INTRODUCTION:

Concrete is the second most widely used material in the \¥®algg, 2014)The annual
production of concrete is estimated to be 30 billion tons(Monteiro et al. 2017). In
concrete ingredi@s, aggregates proportion is the highest. It is a fact that these virgin
resources are limited and needs to be preserved in order to maintain balance in the
ecosystem. Therefor e, it has become a dir e
aggregates whh has dual advantages; that is the reduction of cost and removal of
waste. Which benefits the environment and enable us to conserve natural
resource@annan, April 2004) The investigated alternative aggregates (AAS)
includes; recycled concrete aggregate (RCA)(Jin et al. 2015), building rkbksf

and DeVenny, 2004 etc.

In recent years, preservation of the environment seeks undivided attention of engineers
and scientists. Keeping that in mind crumb rubber can be added into concrete to aid
preservation of the environment and to conserve natural reso@masb rubber is
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recycled rubber produced from automotive and truck scrap fites demand of tire
production has increased drastically over the years, but their disposal has been an
alarming concern, as these tires cannot be recycled and are dumped whbseas c
severe threats to the society from environmental impact to health concerns. Among all
the methods suggested for the disposal of rubber, its incorporation into concrete has
been proved most effective. The only problem associated with the use ofrcitniveb

as an alternative aggregate is that it causes a reduction of mechanical strength of
concrete (Liu et al. 2016). Likewise, they are found to cause an increase in the
workability of concrete but had a negative influence on its compressive and tensile
strengttiMercy and Ramarao, 201&lowever, the aforementioned shortcomings can

be regained by using different additives/polymers likdispersible polymer powders,

liquid resins, monomer and watesoluble polymers (Eren et al. 2017). PVA
(chemically known as polyvinyl alcohol) are higlrformance fibers and are the first
synthetic colloid prepared by Herrmann and Haehnel in the yeafHRi@2i, 1973) It

is water soluble polymer and is always used in concrete f@anemng the mechanical
strength and durability of concrete. PVA being a chemically reactive polymer on
reaction with cement forms calcium complexes that fills the pores, thus, densifies the
structure and improves the properties of the cement(fasgd and Rai, 2001PVA

fibers increase the ductility, toughness, tensile strength and flexural strength of
reinforced concrete and they help in bridging the cracks thus enhance the crack
regstance ability of concrete (Noushine et al. 2013). The significance of this research
work is that it would curb the issues or problems associated with tire disposal.
Moreover, the rubberized concrete would strike the pay dirt in the construction industry
for being comparatively cheaper and readily available. The rubberized concrete is
recommended for nestructural applications like sidewalks, etc. In addition,
rubberized concrete improves thermal protection and is therefore recommended to be
used as genal insulation of walls and heat insulation on roofs. Moreover, it can be
used as a noise insulator in theatres, cinema halls, noise proof rooms, etc.

2. EXPERIMENTAL PROGRAM
2.1 Materials:

During the research work, Bestway Cement was usedypel cement The fine
aggregate having a maximum size of 2mm and fineness modulus of 2.64 was used.
While the locally available crush with a maximum size of 19 mm and fineness modulus
of 2.65 was used as coarse aggregate. A tire rubber, used as an alternativéeaggrega
was obtained from a recycling industry Swat Tyre & Rubber Co Pvt Ltd Hayatabad,
Peshawar. It has a fineness modulus of 2.76. PVA fibers were imported from China and
its properties are shown in table 1.

Tablel: Properties of PA

Colour Off white
Length 6mm
Diameter 25um
Density 1.29g/cnd
Elongation O 40%
Tensile Strength 425MPa
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2.2 Specimen designation:

While conducting experiments, two varying abbreviations were ueedM and PR.

Where CM stands for control mix while in PR, P stands for PVA and R stands for crumb
rubber. I n PR, the digits 0, 1 & 2 comes
that rders to the percentages in which they have replaced the respective ingredients of
concrete. For instance, 2P5R states the specimen in which 2% PVA was added for
cement and 5% fine aggregate was replaced by crumb rubber.

2.3 Mix proportion:

A total of nine(9) concrete mixes have been used with the ratio of 1:1.5:3 (1 part of
cement, 1.5 parts of sand and 3 parts of coarse aggregate). They include one CM
(control mix), while the rest of the eight consists of different proportion mixes of PVA
and Crumb rublre The wateircement(w/c) ratio was kept constard D.45 whereas,
the design strength was assumed to be 21 MPa. PVA was used in a proportion of 1 & 2
% while crumb rubber was used in a proportion of 5 & 10 %. The complete mix design
is summarized in tabl2.

Table2: Mix Design

Cement PVA wic  Water Fine Crumb  Coarse

Mix 3 5 ; 5 Aggregate Rubber Aggregate

(kg/m?®)  (kg/m3) ratio (kg/m?) (kg/m?) (kg/m3)  (kg/m?d)
CM 411.11 O 0.45 185 709.49 0 1049.4
OP5R 41111 O 0.45 185 674.02 35.48 1049.4
OP10R 411211 O 0.45 185 638.54 70.95 1049.4
1POR 406.99 4.11 0.45 185 709.49 0 1049.4
1P5R  406.99 4.11 0.45 185 674.02 35.48 1049.4
1P10R 406.99 4.11 0.45 185 638.54 70.95 1049.4
2POR  402.88 8.22 0.45 185 709.49 0 1049.4
2P5R  402.88 8.22 0.45 185 674.02 35.48 1049.4
2P10R 402.88 8.22 0.45 185 638.54 70.95 1049.4

2.4 Testing

Concrete testing was divided into two phases; the first phase was concerned with fresh
properties of concrete that include slump test and fresh density of concrete while the
second phase was concerned with hardened properties of concrete that includes wate
absorption test and compressive strength testing.

The slump test was performed in accordance with ASTM C 143. The densities of
concrete were determined in their fresh state by weighing them and subsequently
dividing them by their volume. However, thetemabsorption test was performed using
ASTM C 6421 97. While for assessment of compressive strength of concrete ASTM

C 39 was used.

3. RESULTS AND DISCUSSIONS
3.1 Workability

Slump test was performed for evaluating the workability of concrete. Workability
reflects the fresh properties of concrete. The results are shown in figure 1, which
illustrates that rubber has a negative influence on the workability of conaetpdn
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500f rubber replacement there was a reduct.i
for 10% of rubber replacement the reduction was almost 27%. This reduction in
concretebs workability was attributed to t
in viscosity of the concrete with the addition of rubber. Unlike rubber, PVA has shown

a positive influence on the workability of concrete. Where it can be seen that upon

adding 1% and 2% of PVA the workability was increased by 14% and 45%
respectively. Likewis, their combined effect has shown an increase in workabdity i

upon comparing with OP5R the increase for 1P5R was 15% while for 2P5R the increase

was 25% respectively. The increase in the
ball-bearing effecbf PVA (Allahverdi et al. 2010).

Workability

60
E 35
£ 40 33.55 30.78 31.6
Q {: 2 9 2 5 ' 5 \\\\‘\.‘\\\\
E 2 N
n RN

O LR

CM OP5R OP10R 1POR 1P5R 1P10R 2POR 2P5R 2P10R
Figure:1 Average slump test of the fresh mixes versus PVA dosages

3.2 Density of fresh concrete

The fresh density of concrete is of extreme importance for its effect on the strength
parameters and durability etc. tls¢ measur ement of concreteds
of this test are illustrated in figure: 2.

Density of Fresh Concrete

= 2455.03

2 2600 2331.83 2332.73 2269.78

B 2400 2205.03 2201.43 2149.28

< i 2165.46 =i 2122.3
> 2200 = = '
G 1 Z

2 2000 1 Z

a ) =z

0O 1800

CM OP5RP10R  1PORLP5RP10R  2PORP5RP10R
Figure:2 Densities of the fresh mixes at different PVA dosages

Rubber, being |ighter in weight, tends to
the repl@ement, lower is the density and vice versa. Likewise, the addition of PVA also
tends to cause a reduction of concretebs d

3.3 Total water absorption

The total water absorption of concrete helps in working out the durability of concrete.
The concret with higher water absorption suggests that it has high porosity and lower
durability or vice versa. In this research, the water absorption was evaluatednat 7
28" day respectively. The results are illustrated in figure 3.
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It is clear from the grapithat with the addition of rubber the water absorption of
concrete increases, this is due to the weak bonding between rubber and concrete
material that lead to cracks in concrete, thus making it susceptible to water penetration.
Whereas the behavior of PM#as found out to be a bit ambiguous that is at 7 days of

curing it doesndét show any significant inf
concrete, while at the &lay it causes a significant reduction in the water absorption
of concrete. Attheaer | 'y days of concrete, the PVA ha

chemical interaction, therefore, the voids remain in the concrete and thus the water
absorption is high whereas with time it forms calcium complexes that fill the voids,
densifies the structurend results in a reduction of water absorpt{®mgh and Rai,
2001)

From figure 3, upon adding 1% of PVA into rubberized concrete, the reduction in total
water absorption was 14% whiler 2% of PVA the reduction was 26% respectively.
Whereas, when both rubber and PVA is added it tends to cause a significant reduction
in the water absorption of concrete when 1% PVA was added to 5R it causes a
reduction of 11% while when 2% PVA wadded to 5R it causes a reduction of 17%.

28th Day Total Water Absorption
6.179

3.7361%.062

. L 2 738 3-38
HE )
PARERERE | U ol
PARERERE | U
PARERERE | U
PARERERE | U
e | TN

CM OP5ROP10R 1POR1PSRLP10R 2POR2P5R2P10R

Water Absorption (%)
o N M OO @©

Figure:3 Total water absorption of mixes at different PVA dosages

3.4 Compressive strength

For concrete, compressive strength is of utmost importance. In the following study,
compressive strength was evaluatedatnd 28" day of curing. The experimental
results are shown in figure 4. It was witnessed that rubber due to weak bonding tends
to decrease the compressive strength of concrete. For 5% and 10% replacement of
rubber, there was a reduction of 17% and 28%pectively.

Compressive Strength
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¢
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<

OP5RP10R  1PORLP5RP10R 2PORP5RP10R

Compressive Strength
(MPa)

Il 7th Day Strength (Mpa) & 28th Day Strength (Mpa)

Figure:4 Compressive Strength versus PVA dosages
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While the addition of PVA has struck the pay dirt by overcoming the reduction in
strength that results from the addition of crumb rubber. Though af'tti@y7the effect

was negligible as initially PVA hasn't interacted chemically with cement while at the
28" day, after proper chemical interaction PVA enhance the strength significantly. The
increase in compressive strength for 1% and 2% of PVA was edfintabe 3% and

6% respectively. Moreover, their combined effect has shown to cause an increase in the
compressive strength of concrete. An increase of 5% for 1P5R and 12% for 2P5R was
observed upon comparison with OP5R.

4. CONCLUSIONS:

The overall result indiates that incorporation of crumb rubber causes a decrease in
concreteds workability wup to 27%, a reduct
almost 22% and an excessive increase in waieorption of 64% respectively.

Whereas, PVA, a synthetic watgoluble polymer, has overcome these aforementioned

problems and has significantly improved the concrete engineering propegstias i
increase of 45% in concreteds workability,
a tad i ncr ease sivastrangthwag obserged sponcaddmg PVA sito

the concrete. Whereas, rubber and PVA both have shown to cause a steady decrease in

fresh density of concrete.
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Abstract

Recycled aggregates are used worldwidinaseplacement athe natural aggregate in
different ratios causing significant reduction on concrete strength and other properties.
In this research recycled aggregate concretfillbeswereused along withumpsof
recycled aggregate taken from demolished waste. These [G®ypmsn to 90 mm) of
recycled aggregate were used as a replacement of coarse aggregate in different
proportions (0%,10%,20% and 30%@r casting control specimen, CFST (concrete
filled steel tube) and CFPT (concrete filled plastic tube) cylinders. Vatiests were
conductedsuch as slump testyater absorption test, fresh concrete density test,
compressive anidhdirect tensilgess. Upon 30% replacement of the recycled aggregate
reduction in concrete strength for recycled aggregate CFST, CFPT and simple cylinders
(without any confinement) was to be found 9.22% ,43.2% and 54.14%, respectively
when compared with control specimen.

Keywords: Recycled aggregate CFHecycled Aggregate CFPT
1. INTRODUCTION:

Concrete is utilized more generally than some other substance after water, on account
of its numerous points of interest. The global material extraction is 48.5 billion
tons/year, out of which the share of construction material is 16.2 billion tons/year
(Steinberger et al., 2010)he Building demolition rate is always expanding, making it
fundamental to successfully reuse destruction waste to save tenewmable natural
resources. Nowadays, a large proportion of demolition waste and useable construction
material is discardeth landfill destinations, making natural issues because of the
shortage of such sites, unplanned transfer of disposal, and the ecological expense of
transporting demolition waste. In a concrete mixture, aggregate represent about 80% of
concrete. Thereforghe replacement of NCA (natural coarse aggregatejrious
percentagewith the RCA (recycled coarse aggregate) can be really helpful to make a
traditional concrete as a sustainable maté8afiuddin et al., 2011Panda et al studied

that up to 30% replacement of aggregat8@C (secompacting concrete) there is no
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noticeable decrease in strength and other properties were found. Increment in RCA
above 30% will inverselgffect concrete properti@s C Pandaa 2013)

Recycled aggregates additionally reduces the amount of virgin aggregates to be made,
consequently less evacuation of natural resources. While being smashed into smaller
particles a lots of carbon dioxide is absorbed. This diminishes the amount & G®

air. The utilization of reused aggregates isn't easy but difficult to utilize on the grounds
because their properties are not quite the same as natural coarse aggregates. That's the
reason the nature of RCA can vary when gathered from various solileequalities

of RCA ought to be low density, low mechanical strength, and high water absorption,
more noteworthy porosity when compared with NQA Saravana Kumar and G.
Dhinakaran, April 1, 2012, Etxeberria et al., 200¥Qwever, the cost of crushing RCA

is still expensive. The CFST (concrdiéed steel tubular) structures have many
structural benefits, whicmcludes high load bearing capacity and fire resistances, large
energy absorptioand ductility capacities. It also reduces the construction cost and time
required for shuttering because of no need for shutt€kiag et al., 2014peveral
researchersome up with the resuhat most of the mechanical propertidsecycled
aggregate CFST are similar to that of the ordinary concrete CFST; however, reduction
in its strength and modulus was found. Steel tabular columns with concrete filled are
vulnerable to degradation due tormsion, which results in the reduction of strength.

For theGFRP(Glass Fibre Reinforce Plastidhe brittle failure of hoop break led to

the failure of GFRP confined concréxgao et al., 2012)The exceptional properties
which includes kgher resitance to environmental attacks ambectromagnetic
transparency make the plastic attractive for various structural applications.
Compressive strength of CFPT (concrete filled plastic tube) increased between 1.18 to
3.65 times the unconfined stigth(Gathimba Naftary K, 2014)

In this study, recycledgregate CFST and CFRbBnfined concrete were investigated

for mechanical and durability assessment by using various percentages of Recycled
aggregate (0%,10%,20% and 30%) as a replacement of coarse aggregate. Various tests
were performe@nd results wereotpared with the control specimen.

2. MATERIALS AND METHODOLOGY

The materials that were usedreeCoarse Aggregate, Fine Aggregate, Water, Cement
(OPC), Recycle Coarse Aggregate (Lumps), Stgeh@ers/tubes and Plastic Tube.

2.1 Coarse Aggregate

Coarse Aggregates are obtained from the ware house located near CUI, Abbottabad
Campus, Pakista®specific gravity fineness moduluand water absorption of CA was
found to be 2.68, 2.9 and 3.07% respectively.

2.2Fine Aggregate

Fine Aggregates are obt&d from theshoplocated near Gl, Abbottabad Campus,
Pakistan Specific gravity water absorption and fineness modulus of FA was found to
be 2.43, 2.04% and 2.65 respectively.

2.3Cement

Ordinary Portland cement (OPC) ASTM C150 Typwas used throughout the
researchDensity, Initial and theFinal setting timeavas found to be 3.1fcn?, 66 min
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and 335min respectivelfrineness and surface area of Cement was 97.76% and 2827
cn? /g.

2.4Recycled Aggregate

Demolished buildingwastewas talken which includes (slab, beams and columns)
opposite to Daewoo Bus stand Abbottabad and then with the help of crushing plant
crushed the demolished waste into lumps (having size 50mm to 90mm). These lumps
were used as recycled aggregate and replaced vaithrah aggregate different
proportion 0%,10%, 20% and 30%)Water absorption and Specific gravity of RCA
was found to be 8.34% and 2.50 respectively.

2.5 Steel Tube and Plastic Tube:

Diameter (inner to inner) and the wall thickness of steel and ptabis were 6in
x0.0662in and 6in x 0.19in respectively, while the height of both tubes were 12in.

2.6 Testing Procedure

Concrete cylinders used had height and diameter (12in x 6in) and therefore volume
(339.29irf) and concrete mix wad20 (Mix whose compressive strength after 28 days
curing is 20N/mrf) while mix proportion was 1:1.5:3. The Steel tube and plastic tube
were used in which concrete was cast and propertibe tfcycled aggregate concrete

fill ed tubes (plastiand steel) wer®bserved Recycled aggregatemps (50mm to
90mm)were replaced with natural aggregatéifferent proportion©%,10%, 20% and
30%).After the selection of materjalle had casd3cylindres for each reptement of
recycled aggregate for each td3ifferenttests such as the slump test for workability,
compressive and indirect tensile tests for strength were conducted for checking
structural performance and mechanical propefResycled aggregate simple cylinder,
CFST and CFPTresults were compared thi the control specimenwithout any
recycled aggregate used

3. RESULTS AND DISCUSSION

3.1Workability Test:

This test was conducted as per ASTM C 1R8&duction in slump value was noticed

with the increment of recyc ldedo highgngatere gat e p

absorption of recycle aggregat0, R10, R20 and R30 shows recycled aggregate
replacement percentages with natural coarse aggregate.
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Slump Test for Workability
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Figure-1: Workability Test by Slump method
3.2 Fresh Concrete Density:

An increase in a percentagerecycled aggregate reduces the fresh concrete density.

By the replacement othe recycled aggregate up to 30%, fresh concrete density
decreased by 7.84% as compared to natural aggregate concrete. Values ranges from
2269.77 kg/mto 2447.836 kg/rh
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Figure-2: Fresh Concrete Density

3.3 Water Absorption Test:

The rate of water absorption was increasing \aithincrease in recycled aggregate
proporti on t khadquansty ommoytar attacbebécause it has porous
structure)with it, and alsaecycled aggregate initial water absorption was 2.74 times
(174%) higher than natural coarse aggregate.
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Water Absorption Test (7 days)
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Figure3: Water Absorption Test (@ays)

3.4 Compressive Strength Test

This test was determined as pe&8TM C39 7-days compressive test shodescease

in concrete strength with increment in recycled aggregate proportion. But recycled
aggregate CFST shows strength which is more than double of the no confinement
concretgsimple cylinders)Upon 30% replacement tiferecycled aggregate reduction

in concrete strengthof recycled aggregate CFST, CFRimd the simple cylinders
(without any confinement) was to be foun@®6 43.2% and 54.1% respectively.

Compressive Strength (7 Days)
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é’_’/ 4000 % RO
<
9 HH HR20
& 2000 i
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Steel Tube Simple Cylinders Plastic Tube

Figure4: Compressive Test 7days

3.5Indirect Tensile Test (Hastic Tube & Simple Cylinders):

An indirect tensile test was conducted on recycled aggregate CFPT and the simple
cylinders because steel is good in tension so, we did not perform on it. It is found that
upon 30% replacement of the recycled coarse aggregate reduction in CFPT and the
simplecylinders, reduction in tensile strength was 32.2% and 45.68% respectively.
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Indirect Tensile Test (7 Days)
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Figure5: Indirect Tensile Test (Plastic Tube & Simple Cylinders)

4. CONCLUSIONS:

From the conducted study following conclusions can be drawn:

1 Recycled Aggregate in CFST and CFReOuces the amount of demolished
waste of construction and reduces the use of virgin materials, which makes it a
sustainable step towards the ddendly environment.

1 37.5% reduction in slump value was observed upon 30% replacement of the
natural aggreda with recycled aggregate.

1 Upon 30% replacement of recycled aggregate reduction in concrete strength for
recycled aggregate CFST, CFPT and simple cylinders (without any
confinement) was found 9.22% ,43.2% and 54.14% respectively.

1 Itis found that upon 30%eplacement of the recycled coarse aggregate in CFPT
and simple cylinders, reduction in tensile strength was 32.2% and 45.68%
respectively.
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Abstract

In this experimental researdhge effect of different ratios of bagasssh and recycled
coarse aggregates in Tvetage concret€TSC) was evaluated.SC is not quite the

same as normaloncrete. In TSC, @se aggregates are seformwork and after that

grout or mortar is infusethrough a pipe with high pressure. Four mixes of TSC
concrete were prepared. Control Miwas made with 100% natural coarse aggregates.
Control Mix-1l was pepared with 100% recycled coarse aggregates (RCA). The third
mix was madeavith 10% bagasse agBA) as a frational substitution of cemeiaind

100% RCA Fourth mix was prepared with 20% bagasse ash as a fractional substitution
of cement and 100% RCA. 1%psr plasticizer by the weight of cement was added in
concrete mixes with 10% and 20% bagasse ash. Water to cement ratio (w/c) was 0.5
and used for all mixes. Different tests like compressive strength test and split tensile
strength test were performed oangles made from all four mixes. Compressive
strength and tensile strength of Control Miwas highest among all mixes. Results
indicate that tensile strength and compressive strength was increased with the addition
of bagasse ash in mixes having RCA. Tieximum increase in compressive strength
and tensile strength was in 20% BA mix.

Keywords: Two- stage concrete (TSCRReg/cled coarse aggregates (RCAkthiral
coarse aggregas, Bagasse as{BA)

1. INTRODUCTION :

The most extensively used building mateaabund the globe is concrefMeyer,

2009. In TSC, carse aggregates are seformwork and after that grout or mortar is
infusedthrough a pipe with high pressuréSC has a number of applications, it is
mainly used in concrete and masonry repair in under water construction, places where
placing conventional concrete is difficult, in mass concreting where a low heat of
hydration is require@Stubbs, 1959 TSC need more coarse aggregates than required
in normal concretéAbddgader and Elgalhud, 20p8hrinkage in TSC is lower due to
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point to point contact of coarse aggregdf&sdelgader and Gorski, 20D3rSC costs

25% to 40% less than traditional concr@éedelgader, 199h

Around 10 billion tons of concrete is produced annually, making it the largest consumer
of Earthdés natural resources, that are wat €
and sand. Around 12.6 billion tons of natural aggregatesedd annually. Cement
industry releases around 7% of the total Carbon dioxide)(@Q@ehta, 2002 To

protect our environment from depleting virgin aggregate resources, recycled aggregates
has been used to produce coter®ecycled aggregates consists of natural aggregates
and adhered mortar. Concrete obtained from demolished buildings is crushed to obtain
recycled aggregates. It has more absorption capacity. Due to increased absorption
capacity, 5% more water is requdréor concrete made with recycled aggregates to
acquire similar workability as that of normal concriexeberria et al., 2007

Therefore, recycled aggregates can be used in TSC as an alternative of natural aggregate
because there is no issue of workability in TSC, as coarse aggregates are placed in
formwork. It will also help in conservation of natural resources of coarse ageggegat

But concrete with recycled aggregates need more cement than typical concrete to
achieve higher streng{iansen, 1986

Wastes obtained from agriculturaldsome other industries can be used as replacement
materials in concret@Hansen, 1986 Sugarcane contains about 25% bagasse. Bagasse

is also used in paper inslly. When bagasse is burnt for energy purpose, it produces
3% of ash, which is dumped in landfi{gémin, 2010. Pozzolands silica
Ca(OHp} and forms calcium silicate hydrate, which enhance the strength of concrete
(MartirenaHernandez et al., 2001

TSC is used in the foundation of an 18 storey building in Gdansk, Poland, refacing of
Baker dam, Colorado, USA, piers of Mackinac Bridge, USA and repair of water dam

in Czchow on the Dunajec river, Polafibwek et al., 200)7 This significance of this
research work is to tackle the issue of pollution caused by bagasse ash and concrete
waste. It will help in creating sustainable dBpment and preserve the sources of
natural aggregates. Moreover, TSC will play a vital role in underwater construction,
repair and mass concrete. TSC with bagasse ash and recycled aggregate will be
economical and will have strength almost equal to cathmeal concrete.

2. EXPERIMENTAL DETAILS AND METHODOLOGY:
2.1 Materials:
2.1.1 Cementitious materials:

Ordinary Portlandcement (ASTMTypel) was used for the preparation of TSC.
Fineness of cement was 93.15%. The surface area of cement was 2/®7 Bagasse
ash was broughHtom Premier sugar mill, Mardait. was grinded/crustiein PCSIR,
Peshawa It was passed through siev@@2Specific graviy of bagasse ash was 1.35.
The surface area of bagasse ash was 284G/grom

2.1.2 Aggregates

Coarse ag@gates were brought from a quarry near COMSATS University Islamabad,
Abbottabad CampuRecycled coarse aggregates were brought from an empty plot near
Daewoo terminal, Abbottabad. The demolished concreteewafsta building was
crushed with the help ofausher to obtain recycled coarse aggreg&test of crushing
concrete waste with the help of a crusher was less than purchasing natural aggregate.
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Twenty-five millimeter was the maximum size of both natural and recycled aggregates.
Table 1 shows the phigsil properties of both natural and recycled aggregates.

Table 1. Physical properties of natural and recycled aggregates

Physical Properties Natural aggregates Recycled aggregates
Water absorption 1.85% 7.59%
Specific gravity 2.75 2.62
Impact value 14.72% 22.23%
Fineness Modulus 2.04 2.19
Density 1532.3 kg/m 1399.2 kg/m

Fine aggregates were brought from a quarry near COMSATS University Islamabad,
Abbottabad Campud=ineness modulus of fine aggregate was 2.96. Fine aggregates
had watemabsorption of 1.1% and specific gravity 2.35.

2.1.3 Admixture;

Ultra Super Plast 470 was used throughout the casting of TSC. It was procured from
Ultra Chemicals, Peshawar.

2.2 Mixture Proportions:

Four different mixes of TSC were made with ratio 1:1:Z@rfent: Fine aggregate:
Coarse aggregateControl mix | was made with 100% natural coarse aggregates.
Control mix Il had 100% RCA. Third mix was prepared with 10% BA as a fractional
substitution of cement and 100% RCA. Fourth mix had 20% BA as a frattio
substitution of cement and 100% RCA. 1% super plasticizer by the weight of cement
was used in mixes with 10% and 20% bagasse ash. Water to cement ratio (W/C) used
in this experimental research was 0.5. It was used for all four mixes.

Table. 2 Mix typs with identification based on replacement ratio

Mix Types Concrete Mix Proportion
CM-I Control Mix (100% natural coarse aggregates and 100% cement)
CM-II Control Mix (100% recycled coarse aggregates and 100% cemen
100% recycled coarsmygregates and 10% cement replaced by
10% BA
Bagasse ash
0 0
20% BA 100% recycled coarse aggregates and 20% cement replaced by

Bagasse ash

2.3 Specimens casting and curing

Cylindrical moulds of 6 inches diameter and 12 inches height were used for casting of
TSC.The inner surface of the mould was oiled, so that concrete should not adhere to
its inner surface. A pipe ofibch diameter and-theter height was placed in the middle

of a mould. In the second step, a mould was filled with coarse aggregates. In the third
step, grout was injected from the top via pipbe grout was poured under gravity
pressure, which was created with the help-ah@ter pipe. This pressure was sufficient

for filling the voids between coarse aggregates with gidtér the appearance gfout

at the top of a mould, the pipe was removed from the mould. This procedure was used
for all specimens. After 24 hours, specimens were taken out from the moulkispand

in a water tank. 72 specimens were prepared in total, each mix had eighteseispec
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2.4 Test methods:

In this research, following tests were carried out on hardened concrete:

a) Compressive strength test was carried out according to ASTM C394039ests
on cylindrical specimens were done at 7,28 and 56 days.

b) Split tensilestrength test was carried out according to ASTM C486Tests on
cylindrical specimens were done at 7,28 and 56 days.

3. RESULTS:
3.1 Hardened properties:

The results of compressive strength test of concrete cylinders at a given curing age are
shown in Figl. Each compressive strength is an average of three measurements. This
figure shows that compressive strength at 56 days was higher than 28 and 7 days for all
concrete mixes. This is because of an increase amount of hydration due to longer curing
age. Nineconcrete cylinders were casted for each concrete mix proportion. The
compressive strength of GMwas found to be highest for 7,28 and 56 days of curing.
CM-II compressive strength is decreased by 22% when compared wHaCRdays.

This reduction of sength is due to recycled aggregates. Recycled coarse aggregates
have inferior quality due to a porous surface caused by adhered mortar and high water
absorption. The compressive strength of 10% BA and 20% BA at 7 days increases by
14% and 19% with respeto CM-II. This is due to the effect of pozzolanic reaction
between Ca(OH)and BA, which forms calcium silicate hydrate-8H), enhancing

the compressive strength as reportedartirenaHernande et al., 2001 There was

no issue of workability due to recycled aggregate because recycled aggregates were
preplaced in formworkThe same pattern is followed at 28 days and 56 days. The
increase in compressive strength was not exprefsine 28 to56 days. The normal
compressive strength at 7 days is abouB6% of 28 days in case of normal curing
(Neville, 1996.

The results of split tensile strength of concrete cylinders at a given curing age are given
in Fig. 2.The tensile strength of GMvas highest at 7,28 and 56 days. The maximum
increase in tensile strength at 56 days was 44.82% in comparison with 7 days of the
same mix. This increase was in 20% BA. This was mainly due to the effect of
pozzolanic reactions. The results follow the samdepatas that of compressive
strength. This is because of similar reasons discussed in the case of compressive

strength.
4000
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Figure 1. Curing age vs Compressive strength
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Tensile Strength vs Curing age
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Figure 2. Curing age vs Tensile strength
4. CONCLUSIONS:

The following conclusions am@rawn from results:
1 Compressive strength of GMdecreased by 22% when compared to-CM 7

days.

Tensile strength of CMI decreased by 38% when compared to-Cd 7 days.

Compressive strength of 20%BA increased by 35.35% when compared-tb CM

at 56 cys.

i Tensile strength of 20%BA increased by 52.77% when compared it &\b6
days.

1 Compressive strength and tensile strength of TSC decreased with recycled
aggregates.

1 Compressive strength and tensile strength increased with bagasse ash as fractional
substitution of cement.

1
1

REFERENCES:

Abdelgader, H. 199%xperimentalMathematical Procedure Of Designing The Fwo
Stage Concretd e c hni c all University Of Gda@Esk

Abdelgader, H. S. &lgalhud, A. 2008. Effect Of Grout Proportions On Strength Of
Two-Stage Concretétructural Concreted, 163170.

Abdelgader, H. S. & Gorski, J. 2003. Str&tgain Relations And Modulus Of Elasticity
Of Two-Stage Concretelournal Of Materials In CiviEngineering,15, 329
334.

Amin, N.-U. 2010. Use Of Bagasse Ash In Concrete And Its Impact On The Strength
And Chloride ResistivityJournal Of Materials In Civil Engineerin@3, 717-
720.

Etxeberria, M., Vazquez, E., Mari, A. & Barra, M. 2007. InfluenceA@fount Of

Recycled Coarse Aggregates And Production Process On Properties Of
Recycled Aggregate Concreteement And Concrete Resear8i, 735742.

46

Go



1stConference on Sustainability in Civil Engineeridgigust 01, 2019,
Capital University of Science and Technoldglamabad, Pakistan.

Hansen, T. C. 1986. Recycled Aggregates And Recycled Aggregate Concrete Second
StateOf-The-Art Report Developments 19%5985.Materials And Structures,
19, 201-246.

MartirenaHernandez, J., BetancotRbdriguez, S., Middendorf, B., Rubio, A,
MartinezFemandez, L., Lépez, I. M. & Gonzélddpez, R. 2001. Pozzolanic
Properties Of Residues Of Sugar Industries (Second Rdateriales De
Construcciéonpl, 67-72.

Mehta, P. K. 2002. Greening Of The Concrete Industry For Sustainable Development.
Concrete Intenational, 24, 23-28.

Meyer, C. 2004. Concrete Materials And Sustainable Development In The Usa.
Structural Engineering International4, 203-207.

Neville, A. M. 1996. Properties Of Concrete. 4th And Final Edgland: Addison
Wesley Longman Limite@31-3.

Nowek, A., Kaszubski, P., Abdelgader, H. S. & Gorski, J. 2007. Effect Of Admixtures
On Fresh Grout And Tw&tage (Prdlaced Aggregate) Concretgtructural
ConcreteLondonThomas Telford Limited8, 17.

Stubbs, F. W. 195%Handbook Of Heavy ConstructiopMcgrawHill.

47



1stConference on Sustainability in Civil Engineeridgigust 01, 2019,
Capital University of Science and Technoldglamabad, Pakistan.

Paper ID:113

Effect of Hybrid Fiber Reinforced Concrete on Strength ofConcrete
Zeeshan Ullalt, Shahzadlehmood, Uzair Akran?®, Maryam Sadi4 Shahjahah

1. PhD student, Dept. of Construction Engineering & Management

(CE&M), NIT-SCEE, National University of Sciences and Technology

(NUST), Islamabad, Pakistai@shan880@gmail.com

Lecturer Quaid e Azam College of Engineering & Technology, Sahiwal

Planning Engineer Fauz Engineering Pvt. Ltd, Lahore

Design EngineerADF, Lahore

Assistant Professpirhe University of Lahore, Gujarat Campus

abkrown

Abstract

The major chunk of construction is covered by concrete construction. Concrete is a
mixture of cement, sand, crush and water in appropriate ratio. It is good in compression
but weak in tension. In order to improve these strengths of concrete, this research was
conducted to evaluate the effect of Hybrid Fiber Reinforced Concrete (HFRC) on
strength of concrete. Steel reinforced fibers were used to improve the compressive and
tensile stragth of concrete and also to control the progress of cracks in concrete. Steel
reinforced fibers concrete (SFRC) was produced having 5000 Psi as target strength.
Two types of steel wires having 25mm and 18mm fibers were used. 1.25% of concrete
volume was eplaced with steel fiber having aspect ratio for 25mm fiber was 60 and
for 18mm fiber it was 40. Different proportions of steel fibers from 25% to 100% for
both types of fibers were used to evaluate their effect on strength of concrete. The main
purpose ofntroducing fiber steel concrete is to eliminate the traditional shears stirrups
in concrete members. Cubes and prisms were casted to test for compressive strength
and tensile strength on concrete. It was observed that there is no significance effect of
steel fibers on compressive strength of concrete while around 58.33% of tensile
strength was improved because short length steel fibers controlled the propagation of
cracks in concrete. The maximum results were achieved at 100% replacement of 18mm
fibers. The results are helpful for building stakeholders to improve strength of concrete
by using steel fibers in concrete. Further studies can be carried out to find out other
properties of steel fiber reinforced concrete.

Key words: Hybrid steel fibers, compssive strength, flexural strengtiechanical
properties, Aspect ratio

1. INTRODUCTION

A stone like material is known as concrete which is attained by a warily balanced
mixture of cement, sand, gravel and water. While in fresh state, concrete is a plastic
which can be molded into any desired shape but with time it becomes hardened.
Concretedevelops micro cracks during curing. Cracks propagate in the fibers that are
right under the load and these hybrid steel fibers block crack propagation. Due to dry
shrinkage problem in concrete, formation of cracks also occurs and by elapsing of time
increase in size and magnitude of cracks take place resulting in failure of concrete.
(Maruthachalam et al, 2013). To minimize this phenomenon fibers are introduced as a
new technigue which helps to increase the tensile strength of concrete.

Concrete which amtain fibrous material is known as Fiber Reinforced Concrete (FRC)
which improves its structural strength. It incorporates quick isolated fibers which are
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equally allotted and haphazardly oriented. Fiber reinforced concrete consisting of,
cement, water, fie and coarse aggregate, along with discontinuous fibers. The small
Piece of reinforcing material which own certain properties and minimize the
propagation of cracks are called Fibers which are equivalently disseminated and
arbitrarily arranged. This corete is named as fibers reinforced concrete. (Grijaet al,
2016). The addition of fibers greatly reduced the post cracking behavior in concrete
which improves structural integrity and cohesiveness of material.(Vandewalle, 2007)
Typical aspect ratio of fibers ranges from 20 to 100 while length dimensions ranges
from 6.4 to 76mm (ACI 544.1R6). The volume fraction (¥ is a term, used to
represent the amount of fibers added in the concrete mix as a total volume of concrete
The seel fiber volume fraction used in concrete typically ranges from 0.1% to 3.0%
(Global Research Analysis). More than 1.0% of volume fraction generally decreases
workability and fiber dispersion and need a special mix design or concrete placement
techniquegPortland Cement Association).

Figure 1 shows the effect of long and short fibers on concrete. Short length fibers
bridges micro cracks, control the growth of cracks and also delay the coalescence in
fiber reinforced concrete. Long length fibers prewvtetpropagation of micro cracks,
control the macro cracks also and then improve the fracture toughness of composites.

-
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the Mmicrocracking tha macrocracking

Figure 1: Effects of short and long fibers

An attempt was made to find out the effect of steel fibers in concrete. Steel fibers of
length 18mm and 25mm was used in this research at different percentages to evaluate
their effects on mechanical properties of concrete like compressive strength, flexural
strength, ultimate load carrying capacity and ductility. Some positive effects were
obseved in concrete after adding hybrid steel fiber in concrete as compare to Plain
concrete. The results of this study will helpful in selection of concrete with improved
compressive and flexural strength and also with improved ductility. The greater
compresive and flexural strength co concrete will help the design engineer to make
their design more economical and safer.

2. MATERIALS USED

Ordinary Portland cement having Typmanufactured by DG cement with fairly high

CS content for good early strength deyenent was used. Usually include natural
aggregate with passing through a 9.5mm sieve. Source of Fine Aggregates was
Lawrencepur having Specific gravity 4.81, Fineness Modulus 3.37 and 0.80% water
absorption capacity. Similarly, source of Coarse Aggregatas Margalla having
Specific gravity 2.53, aggregate size 12mm and 1.37% water absorption capacity.
Hybrid mild steel fibers having diameter 0.43mm were used in concrete having length
25mm and 18mm with 60 and 40 aspect ratios respectiveitalite water was used

for this research and Chemrite 520 BA was used as water reducing and set retarding
concrete admixture at the rate of 0.5 lit/50 kg cement. These fibers were added in
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concrete at a volume fraction of 1.25% whereas no fibers were addedtrol mix
(CM) specimen.

Table 1: Different Ratios of Fibers used

Mix specimens Steel fibers
by volume of concrete (%)

CM Normal Concrete
Samplel 100% (25mm)
Samplell 100% (18mm)
Samplelll 50% (25mm), 50% (18mm)
SamplelV 75% (25mm), 25% (18mm)
SampleV 25% (25mm), 75% (18mm)

The concrete mixture design was carried out to find out values of ingredients. Trial

mixture design was carried out first to find out the mixture ratios for required strength

of concrete. For this research concrete mix 1:1.6:1.8 was used with 0.4 veateetat

ratio.

Deformed high strength steel of 13mm & 16mm bars were used to provide longitudinal

reinforcement in beams. 16mm bars provided at bottom of beams and 13mm bars
provided at top of beams. For stirrups used 10mm bars for all the beams. In plain
reinforced concrete beams stirrups are provided throughout the beam but in fiber
reinforced concrete beams two stirrups are provided at its one end two stirrups are
provided at its other end. Stirrups are provided to hold the top and bottom bar (Singh
et d, 2016).

3. EXPERIMENTAL METHODOLOGY

3.1 Compressive Strength Test

This test was performed accordingd8TM C39 To find out compressive strength of
concrete the cylinder of size 300x150mm were used. Specimen were placed on bearing
surface of UTM, of capacity 100 tones deprived of eccentricity and uniform rate of
loading of 0.25 MPa per second was applied tillfghkeire of cylinder. Machine gives
compressive strength direct in MPa so no need to convert the compressive strength
value (Ohitha et al, 2016).

3.2Flexure Strength Test

Plain and SFRC beams of size 100x150x1200mm were tested using a universal testing
machne. The loading scheme was two point. The beam was simply supported over a
span of 970mm and a twmoint loading system was adopted having an end bearing of
115mm from each support. A load was applied to stiff steel beam that distributed into
two points ad then from the two points load is transferred to beam specimen. The rate
of loading applied on beam was 0.5 MPa per second. The load is applied till the failure
of specimen. The first crack load and ultimate load are noted and deflection was
measured ueg the dial gauge (Cho et al, 2009).
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4. EXPERIMENTAL RESULTS

After the preliminary tests, various samples were casted included cylinders and beams
to evaluate the properties of concrete with and without use of steel fiber in concrete.
Cylinders were castl for the compressive strength test and beams were casted for the
flexural strength test. These samples have various percentages of steel fiber in
concrete.

The below figure2 indicates the comparison of plain concrete and steel fiber
reinforced concret with all described percentages. It is clear from figlithat there

is a significant improvement in compressive strength of concrete by adding steel
reinforced fiber in concrete as compare to plain concrete. The addition of 25%, 75%
and 100% steel fibesf 18mm and 25mm lengths have not produced large difference
at 28 days. While among the steel fiber reinforced concrete, the addition of 25mm and
18mm long steel fibers at 50% yielded the maximum results as compare to all other
options. Therefore, it islear that this is the optimum percentage of steel fiber
reinforced in concrete for the improvement of compressive strength.

Fiber Ratio vs Average Compressive Strength at 28 Days

25mm 75% 18mm 25% I 33.27
25mm 25% 18mm 75% . 33.34
25mm 50% 18mm 50% e, 36.018

18mm 100% I 33.395

Fiber Ratio

25mm 100% I 34.11
Plain (28 Days) NN 33.0885

315 32 325 33 335 34 345 35 35.5 36 36.5
Compressive Strength (Mpa)

Figure 2: comparison of compressive strength for plain and fibrous cylinders

Similar trend was also found in concrete atafge4 days. Where the addition of 25mm
and 18mm long steel fibers at 50% yielded the maximum results as compare to all other
options.

Fiber Ratio vs Average Compressive strength at 14 days

(Mpa)
= o 34.11 33.40 36.02 33.27
g 28.64
=30 24.25
.a 25
% 20
2 15
7
‘: 10
5 5
o O
E- Plain (14 25mm 100% 18mm 100% 25mm 50% 25mm 25% 25mm 75%
8 Days) 18mm 50% 18mm 75%  18mm 25%
Fiber Ratio

Figure 3: Compressive strength at 14 days

Similar trend was also found in concrete at age of 7 days. Where among the steel fiber
reinforced concrete, the addition of 25mm and 18mm long steel fibers at 50% yielded
the maximum results as compare to all other options. But the rate of gain of
compresiwe with rest to time was not found here in steel fiber reinforced concrete. The
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compressive strength of steel fiber reinforced concrete remains constant at around
36.02 Mpa in different ages.

Fiber Ratio vs Average Compressive Strength (Mpa)

40 36.02
as 34.11 33.40 33.27

30 28.64
2 21.62
2
1
1
o

Plain (7 25mm 100% 18mm 100% 25mm 50% 25mm 25% 25mm 75%
Days) 18mm 50% 18mm 75% 18mm 25%

Fiber Ratio

c o u

Compressive Strength (Mpa)
L]

Figure 4: Compressive strength at 7 days

Deflection tests were performed on beams to find out the ductility of steel fiber
reinforced concrete. It is clear from below graph that steel fiber reinforced concrete
with 25mm long steel fiber with 100% replacement yielded maximum deflection as
compare to other samplelt is also clear that there is significant improvement in
deflection of steel fiber reinforced concrete as compare to plain concrete which shows
that addition of steel fiber reinforcement improves the ductility of concrete and hence
improve the warnindpefore failure of steel fiber reinforced concrete structures.

Figure 5: comparison of deflection at failure for plain and fibrous beams

5. CONCLUSION

Concrete is a good building material and widely used in construction all over the world.
It has good compressive strength but it is very weak in tension which make it lesser
durable against tension loading. In order to improve the tensile strength oéteoncr
steel fibers used in this research has significant effects on all properties of concrete
when compared to conventional concrete. Following are the major findings of this
study.

52



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































