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Abstract: Problem statement: High Strength Concrete (HSC) normally content hggmentitous
amount and low water binder ratio. However, theselld/ cause substantial volume changes to the
concrete and therefore affected the strength dpusdat. In addition, the brittleness of HSC was
increased when silica fume used as partial cenepiacement to achieve high strengippr oach:
This study discussed the effects of incorporateattstliscrete Coconut Fibers (CF), Barchip Fibers
(BF) and Glass Fibers (GF) into HSC to enhanceptiéormance of concrete while kept the binder
content at moderate level. Additional specialtythts HSC was casted with very coarse sand with
fineness modulus of 3.98. A total of thirteen mixesre casted and tested for slump, density,
compressive strength, flexural strength and ultm@sgulse velocity in accordance with British
StandardsResults. The slump was slightly reduced by the short discfiders. All of the fibrous
specimens had lower density than control. Howetee, compressive strength of the HSC had
increased from 71.8-79.0 MPa using 1.8% of BF, evfigxural strength had increased from 5.21-6.50
MPa. All specimens showed that ultrasonic velocityigher than 4.28 km séc
Conclusion/Recommendations. In short, combination of incorporated short diserdibers and
applied very coarse sand to produce HSC showed satigfying results and improvements. Further
assessment on durability and impact resistivity él verified in the coming research.

Key words: Short discrete, High Strength Concrete (HSC), fassnmodulus, Coconut Fibers (CF),
Glass Fibers (GF), silica fumslump testcoarse sand, Fiber Reinforced Cement-based
(FRC), Ultrasonic Pulse Velocity (UPV)

INTRODUCTION control, splitting tensile strength, flexural stoém
ductility performance to avoid sudden failure when
AClI Committee had defined High Strength ultimate load imposed on the concrete. (Esvearal.,
Concrete (HSC) is the concrete that can attainiipgc  2008; Ravichandraet al., 2009).
compressive strength for design of at least 55 MiPa, However, each types of fiber and its composition
more (Caldarone, 2009). As far as concerned, higlgives different effects to the performance of FRBQOt
cementitious content would cause substantially melu all of them generally share the same advantag#iseto
changes to the concrete in the earlier age duddo t concrete which is able to improve the performante o
hydration process and hence affecting the strengtboncrete, especially in serviceability aspect. The
development (Mooret al., 2005). Besides, concrete is incorporation of fibers into fresh concrete had
brittle due to its low fracture toughness and tensi significantly altered its rheological behavior that
strain capacity and it is even more pronouncing rwhe determines the workability of the fresh concrete in
silica fume was added for high strength achievementespect of stability, mobility and compactabilitACI
(Koksalet al., 2008; Chandramouét al., 2010a). The Committee 309, 2008). The significant level of
brittleness was obviously showed when the concreteeducing effects in workability is greatly depencis
cube failed in explosive mode during compressish te two parameter, which are fiber content and asitt.r
Therefore, fiber has come out as a new way to imgro The aspect ratio is the ratio of length to diameter
the performance of concrete in these matters. Gusvi fiber. The lesser the incorporated fiber contert the
had verified that the concrete reinforced hybridefi lower the aspect ratio of fiber, the minimum theede
showed enhancement in terms of deflection, cradkhsi  effects would be on the workability of concrete.
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Coarser fine aggregates would somehow providdExperimental program: The mixture composition was
better workability in the rich cementitious mixtare kept constant for all mixtures and shown in Table 5
The larger surface area of finer sand would absortEach type of fiber was added separately to specraén
portions of free water to wet the entire surface ofdifferent volumetric ratio, 0.6, 1.2, 1.8 and 2.484he
partlgles but at the same time the finer Sa?”d it _n Table 3: Specifications of Barchip fibers accordingelastro Plastic
contribute to the strength development in a highconcrete Inc

powdery mixture (Caldarone, 2009). Characteristic Unit Material property
The present research was intended to study varioUsse resin - Modified Olefin
types of fibers at different content on the mecbalni Length mm 2442
properties of fiber reinforced HSC. Tensile strength MPa 640
Surface texture - Continuously embossed
MATERIALSAND METHODS No. fibers per kg Nos 37,000
Specific gravity 0.95
. Young's modulus GPa 10
Type | Portland cement and condensed silica fumgeiing point oc 159-179
were used as binder content for the experiment. Thgnition point °C >450

chemical compositions of both cementations compsund

were ShOV\{ﬂ in Table 1. River sand with Sp_ecmw%a Table 4: Specifications of alkaline resistance gféiser according to
2.51 and fineness modulus 3.98 used as fine aggregaBerjaya Bintang Timur (M) Sdn. Bhd

The particle distribution curves are shown in Flg. Item Unit Standard Test value
Crushed granite as coarse aggregate with specifiiameter pm 15.02.3 15.70
gravity 2.7 and nominal size 19 mm. Conplast SF0100 Length mm 24%.5 24.40
a chloride free super plasticizing admixture based ™Moisture content % -9.2 0.18

. . Combustible % 1.9-.3 1.83
sulphonated naphthalene polymers which complying, e content

BS 5075 used to enhance workability. Coconut fibergastic modulus GPa 71.7-80.0 72.00

Barchip fiber and Glass fiber with specification® a Specific gravity - 2.6-2.8 2.70

shown in Table 2-4 respectively. Zro? % 16.89.5/0.3 16.57
TiO? % 5.59.5 5.45

Table 1: Chemical composition of ordinary Portlaxednent and
Silica fume to manufacturer’s detail

Percentage by weight

Table 5: Mixture proportions of control mix

Content Proportion (kg rt)

Constituent Ordinary portland cement ~ Silica fume Cement 435.6
Lime (CaO) 64.64 1.0% (max)  hicafume 59.4
Silica (SiQ) 21.28 90% (max) \é\i’r‘:‘;e;ggregate 18;3-8 .
Alumina (ALOs) 5.60 1.2 % (max) Coarse aggregate 10?;3 0
Iron Oxide (FgOs) 3.36 2.0% (max) o ’
Magnesia (MgO) 2.06 0.6% (max) Superplasticizer 9.9
Sulphur trioxode (S€) 2.14 0.5% (max)
N,O 0.05 0.8% (max) Linear loga_ritluuic coor_riinatcplm _nt’ ijula.th'e

L. undersize test specimen: Modified river
Loss of ignition 0.64 6% (max) T T ik T S
Lime saturation factor 0.92 -
CsS 52.82 -
CS 21.45 -
CA 9.16 -
C.AF 10.20 -

Table 2: Specifications of coconut fiber

Item Unit Test value Legend:
Diameter mm 0.32 Pt

I —
Length mm 20-30 = =
Tensile strength mpa 176 Nominal size aperture (mm)
Elastic modulus GPa 22.4
Specific gravity - 1.13 Fig. 1: Particle size distribution of modified sand
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volume of binder. A total of thirteen mixtures were 35 e

produced for this research study, one control mix = ..

(control), twelve mixes casted by Coconut Fiber§ (C % s I I I I I I

series), Barchip Fibers (BF series) and Glass Eit@F 7 w0 I I I
series) at volume fractions as described abovedcoh : | [ |
type of fibers. The specimens were tested at tked af Foook O | & | e | cr |of | | o |56 | o | o | oF | oF
7 days and 28 days. All of them were demoulded at =swmei 26 28 (25 a6 & 32 28 28 45 2515 5 |6

2412 hours after casting and allowed to cure inewat

g : Fig. 2: Slump results for all specimens
temperature 23+2°C until the age of testing. g P P

Density

Slump test: Every batches of concrete were carried
slump test to access the workability of the corcréhe
tests were done according to BS EN 12350-2:2009.

Densty (kg m )

Density test: Three cubes with dimension )
100x100x100 mm in water saturated condition were — ““
used in this test. This test is carried out acecwydo the
BS EN 12390-7:2009.
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Compressive strength test: The compressive strength
test was performed on three cubes with dimensiofrig. 3: Average density of all specimens in 7 agd 2
100x100x100 mm and took the average results. The days
test was done according to BS EN 12390-3:2009.
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Flexural strength test: This test performed on prisms
of each type of specimens with dimension
100x100x500 mm, according to BS EN 12390-5:20009,
using the Universal Testing Machine. The average of
three values was taken to define flexural strengthat
particular type of specimen.

Compressive sirength (MPa)

Ultrasonic pulse velocity test: This test was done
using the Portable Ultrasonic Nondestructive Digita
Indicating Tester (PUNDIT), measured in directFig. 4: Compressive strength of all specimens ahd
method. The PUNDIT consists of two transducers 28 days

(transmitter and receiver) with frequency of 54 kHz
The transducers were coupled with the concretaserf
by grease to ensure perfect contact between thém. T
ultrasonic pulse would travel through the concrate

the data of time taken and pulse velocity would
generate. The average readings of pulse velocil to
from three cubes and three prisms was taken as
Ultrasonic Pulse Velocity (UPV) value of the speeim

7400 | 7440 | 7341 | 7256 7058  FLEN TO.07 TAOG GEAS 025 G995 ThOI

Flexural strength

Flexural st rengih (M1"a)

RESULTS

The average results of all specimens wererig. 5: Average flexural strength for all specimans
presented from Fig. 2-6 respectively and 28 days
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Ultrasonic pulse velocity In comparisons of 28 days results, all of the
specimens had lower density than control. It wass tu
the inclusion of fibers into concrete attributedreair
voids entrapped in the mixtures. Hence, from the
absolute volume point of view, these entrapped airs
would reduce the density of concrete. However, the
density of concrete would depend on some other
judgments like the degree of compactions during the
mixing process and specific gravity of incorporated
PRSI i A e — fibers. But since the fibers were incorporated rimak

a0 a5t | nsso | 4550 | 4934 | 453 | aren | 4363 [ aazs | xam [ 4372 | asor |48 enas amount, the parameter on energy applied in conpacti

would be more significant.

Ultrasonic pulse velocity (m see')

Fig. 6: Average pulse velocity for all specimens7at

and 28 days Compressive strength test: Compressive strength is
the most direct measures to the quality of concrete
DISCUSSION From Fig. 4, it was clearly shown that 1.8BF (1.8%

Barchip fiber) had the highest compressive strergth
Slump test: From Fig. 2, all specimens (CF series, BF28 days. It was 10.2% higher than the control.
series and GF series) shared the same profilesaftse  However, its 7 day strength was slightly lower ttilae
which is the increased of fiber content, the slwnphe  control, about 2.2%. From the comparison between
consistency of the freshly mixed concrete wouldpdro ratios of compressive strength of 7 days to 28 dfays
It was due to the friction between the mixture fibdrs  control, it was 88.0% while for 1.8BF was 78.2%. It
would increase the cohesiveness of the mixtures andas about 10% in reduction. One of the reasonghfer

hence made the mixture unworkable. However, it wagould be due to the more complete hydration hapbene
still depending on other factors like the naturein 1.8BF. Generally, the short discrete randomrébe

characteristics of the fibers. In CF series, theocot ~ had increased the compressive strength of HSCtim bo
fibers are relatively high in water absorption cemgal 7 and 28 days. For the case of the specimens reeto

to Barchip and glass fibers. During the mixing, thewith Coconut Fibers (CF series), 7 days strengts sea
coconut fibers partially adsorbed the free waterteot ~Much improved as compared to control. However, this
and hence increased the water demand and redueed #@s true to the low volume fraction of fibers (up t
workability of concrete. The glass fibers attairtbe  1.8% of the volume of binder). As the fiber content
lowest slump in high volume fractions. The neede | increase, the compressive strength was dropped
shape of the fibers has high specific surface an@onsiderably. This might be due to the microstriestu
noticeably increased the cohesiveness of the neixturN@d impaired by the fibers as they were high inewat
compared to the other two types of fiber. Amongnthe absorpuon. It partially a_bsorbed the water ne_eﬁbsrd
Barchip fibers gave the least effects in reducingydration purpose. But in 28 days, with continugusl
workability of the mixture. It was due to the fibgid ~ Water cure, the strength was developed and there we

not absorb the free water content from the mixtime. not much dil;ferhi.n r:/olume fractir(])n basis, ,bUt Sgﬂf
addition, it has larger diameter so the specififame O-8CF was the highest among the CF series. Thidtres

contact would be lesser and attribute lesser drictn W3S comparable with the study by Ramli and Dawood

the mixture even though it has contour surfaceutext (2010) on influence of paim fiber to the lightweigh
1 0,
on the surface. Therefore, it can be said thafabtors concrete crushed brick. They found that 0.8% of

of specific surface, water absorption and surfagéute volume fraction was the optimum percentage to that

of fibers affected the workability of fresh mixtsrén typeltof concrelzte. (fRaﬁl:l ?rr: dt Dt;\woorc: ' 2013). |
descending order. was also foun at the changed in volume

fraction of Barchip and glass fiber has large magla

Density test: From Fig. 3, the density of majority Of influences on the compressive strength of HSC

specimens was increased at the 28 days. The resufg@mpared to coconut fiber. For glass fiber, thergth

were shown that the densities of the specimens imere slowly decreased from 0.6% and increased again when

the range of 2377-2412 kg frand 2378-2432 kg h  approaching 2.4%. But, for Barchip fibers, the oyptm

for 7 days and 28 days respectively. This implieatt strength was fall at 1.8% of volume of binder atl2§s

all of them were categorized as normal weight HSC.  even though it obtained the lowest strength at ysda
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The glass fibers showed negative performance in lowprocess. Eventually, the fiber would pull-out bye th
volume fraction. At 28 days strength, 1.2GF exleithit 0adings and it was the time when the specimeredfai
the lowest compressive strength among all specimend? bending (Reis, 2006). During the pull-out prages
which are 16.1% lower than control. However, theMechanical effects of the fibre also play an import

increased in GF content increased the strengthedls w role in further enhancing the peak load (Abu-Letbd

. : ._et al.,, 2010). Compared to the control, the mechanism
2.4 GF obtained the highest strength among GFSe”.ewouId be cracking at the matrix and then straighiya

Despite Of. the reinforcing effects, the inc.reased ' to the failure of matrix. From this, it could beptained
strength might also due to more compacting of &,y \why Barchip fibers is the best among them in
microstructure of the concrete which already vedfi enhancing bending capacity of HSC. It was toughi wi
by Chandramoulet al. (2010b) that glass fibre concrete high tensile strength and embossed treatment to the
has lower permeability for all grades of concrete.surface so as to have good bonding with concretexma
(Chandramoulet al., 2010a) was greatly slowed down the cracks propagations
Among 3 types of fibers, Barchip fiber is the bestprocess and failed when the fibers were pulled But,
quality among them. It has very high tensile stteng the pulled out process was only occurred to thelBar
(640 MPa) and contour surface which is speciallyfiber, compared to coconut and glass fiber.
engineered to create strong bonding with concrete  The coconut fibers performed not so well at the 7
matrices. The bonding between fibers with the cetlecr days compared to control and other types of filvelow
matrices had resulted better load transfers with@  volume fraction (0.6CF), it was even to have deiets
micro structures of the concrete under axial logslin effects on the flexural strength of concrete. Hosvev
Furthermore, fibers were also reduced the crackgith the adequate curing, the flexural strength wa$
formation occurred in microstructures of concreteler  developed at the 28 days. The optimum fiber conest
axial loading and resisted cracks propagations.@¥ew  1.8% for CF series which is 16.3% higher than a@intr
the degree of influences was depends on the voluniehe CF series attained lower flexural strength canegh
fractions (Topcu and Canbaz, 2007; Brandt, 200B)s T to BF series might be due to the coconut fibersidaer
explained why it showed the highest strength amongensile strength (120-200 MPa) and lower elastic
other fibers at the optimum content modulus (19-26 GPa), which means that it has poorer
quality. After the specimens failed, it was obsdrtiee
Flexural strength test: From Fig. 5, the flexural fibers had ruptured prior to the failure of speaisién
strength of HSC was increased regardless of types dending. By the way, the flexural strength wasl stil
fibers. The highest flexural strength from respexti comparable to that of Barchip fibers, which implibat
series was 1.8CF, 2.4BF and 2.4GF at 28 days. &ach the reinforcing effects were still there.
them was higher than control by 18.1, 24.7 and %9.2 For Glass Fibers (GF series), a more consistence
respectively. Among them, Barchip Fibers (BF s@riesresults were obtained. The flexural strength was
showed the highest enhancement in this way. lincreased in the range of 12.4-19.6 and 13.1-19¢%
comparisons with 7 days results, 1.2 BF obtained th7 days and 28 days respectively compared to control
highest flexural strength which is 24.2% higherntha These were higher than CF series specimens. Frem th
control. Generally, as supported by literature eensi ~ Observations with the aid of magnifying lens, thasg
and experimental results, fibers would increase thdibers were also ruptured prior to the failure gntling.

flexural strength or the bending capacity of thefiowever, the needle like shape in small di@met

concrete. This is very important especially for HSC(15. 2.3 um)_ had increased the specific surface to
with silica fume whichyis bfittle in natEre. Tﬁlenﬁas a oOptimize the reinforced effects even though thdeaser

mechanisms could be explained on how fiber of fibers was relatively. Noted that the glass fdbaere
) P . Sundled together with hundreds of filaments orretsma
increased the flexural strength of the specimen

o . MeNSy, length 24 £+ 1.5 mm in packaging size, but after
Initially was the cracking happened at the matrik b iveq™into concrete, the strands were dispersed. In

imposed loading and then the fiber would be rupture 5qgitions, the elastic modulus of glass fibers {780.0

If the fibers are tough or high in tensile strengtte  Gpa) was also higher than coconut fibers. They were
interfacial zone between the fibers and concret&ixa aple to sustain higher uniaxial stress to a untiin.

played an important role as the debonding process

occurred before the fibers were ruptured. A highlyyitrasonic pulse velocity test: Figure 6 was displayed

effective reinforcing effects would attained by doo that the Ultrasonic Pulse Velocity (UPV) of specirae

bonding between fiber/matrix interfacial zone andwere fall in the range of 4.28-4.53 km Seand 4.30-

consequently slowing down the crack propagationd.60 km sec for 7 and 28 days respectively. Therefore,
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they were generally categorized as sound concrete @pecimens are in good quality. The introduction of
good quality concrete which implied that there was  fibers into HSC has reduced the UPV values, eximept

honey combs existed in the concrete. low volume fraction (0.6 and 1.2%) of coconut fiber
Among all specimens, 1.2CF obtained the highest

UPV for both 7 days and 28 days respectively. Is wa ACKNOWLEDGEMENT
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