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Shrinkage Propertizs == for Susta Oyg
Concrete Composite for USld'nable |
Construction
1*Ogunbode, E. B, ’Kure M. A., 'Alao, T, 0.,
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o - eral University of Technology. M; .
‘ _‘ . ding. Federal l.'nt'tﬁ‘fﬁﬂ_? of g?,’, iNna-N |
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_ ‘od out to investigate the fresh and shpi
g | study had been carried ; SNrinkagpe
An experimental stud) ‘e composite (KBFCC). A short discontinygy, E Propers

" kenaf bi ~ONCre ' >
of kenaf bio fibrous conc . e s B P
enaf fibre was used In the mix p against the commT iy,

commonly called K : o . e _
steel or svnthetic fibre. The fresh property investigated in ;h'f Stug}’ 'S Concrete o buSEd
which was tested using the slum, VB and compacting factor. Eighteen differep,

lain concrete mix (control) were cast. The voly

- i X E p
concrete mix proportions and on ' :
I, for the fibrous concrete was a varying percentage between 0.25% to 29, 4 -

0.25% and a fibre length at 25 mm, 50 mm and 75 mm. Thﬁ? concrete strength Was deq
to achieve erade C30 at 28 days. The results reufealed that ﬂ:l{? inclusion of bio fibres i
decreased the workability of concrete due to 1S hydrophilic nature and affinity fo, w

was observed that the concrete containing 50 mm fibre Iength'a:nd fibre volume of 50 ;t?f- It
the most appropriate combination as regards to the WU[‘kHbIIIF}’ of the concrete. KHI—IMES
demonstrated substantially lesser shrinkages compared to plain concrete Specimens Ce
lowest shrinkage strain was recorded for 50 mm Kenaf fibre length mixture Containip 1f~Thﬁ
below 1% tested at 28 days hydration period. It was also observed that Kenaf fibres b%c lbre
more active in restraining free drying shrinkage of concrete as the age of dryip o incre;}me
The reduced shrinkage of the KBFCC when compared to PC can be attributed to the mﬁisf:s'
holding capacity of kenaf fibres and the presence f::sf r-ar!c!nmly oriented fibres aroung tl:e
cement gel which create a condition of confinement inhibiting the shrinkage development ;f

concrete.

Keywords: Bio fibrous concrete, Composite, Kenaf fibre, Shrinkage, Sustainable construction

Also these studies (see Ogunbode et g
2015; Babafemi & Boshoff, 2015; Vrijdagh:
et al., 2016) supported this assertion of
ability of fibre to provide concrete with post
crack strength. The improvement of the
mechanical and durability properties of

1.0 Introduction
The inclusion of short discontinuous

randomly oriented fibres (natural, glass,
steel, and synthetic) has remained a practice
among others towards contributing to the
improvement of the two negative properties

of concrete mentioned earlier (Babafemi &
Boshoft, 2015; Arango et al., 2012;
Ogunbode et al., 2019; Garcia-Taengua et
al., 2014; Fladr et al., 2012; Hasan et al.,
2015; Ali er al., 2012). It has been reported
by American Concrete Institute (ACI) 544
(1988), Mehta and Monteiro (2006) stated
that fibre inclusion offers a bridging
capability once the initial crack take place
afore the full parting of a concrete beam.

14

concrete such as; crack opening, stiffness,
crack promulgation, tensile strength and
deformation  characteristics  such s
shrinkage and creep of concrete amid

others.

The structural performance of concret
composite can be significantly affected by
time-dependent deformation of structural
elements. For this reason, an adequif

el
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Shrinkage Properties of Kenal Bio Fibrous Cone ret

consideration  must  he given to o time-

dependent property such as shrinkage of
concerete  at  the dr:hign Hliig_[t_‘ HIJ the
engineering structures, In most cases, this
deformation  occurs as  a result  of

environmental sustained load referred to
shrinkage.

Fibrous concrete has eained favourable
acceptance N becoming a widely used
composite material in construction projects.
Structural elements deform all the way
through their lifespan (shrinkage), which
may possibly lead to serviceability concerns
such a deflection. cracking, etc. Whereas
ﬁbrqus concrete has presented substantial
ductility and energy absorption aptitude in
the short term, the sustainability of such
properties in the long term is still undefined.
Thr-:*se sustained loads could be as a result of
environmental stress from temperature and
relative humidity causing the shrinkage of
concrete elements. It has been widely
acknowledged that shrinkage of concrete is
greatly influenced by the surrounding
ambient and admixtures. Also shrinkage has
been seen to induce the deflection of
structural member with time. Hence the
study on time dependent properties of
concrete such as shrinkage is necessary to
prevent failure of structure (Sakthivel &
Ramakrishnan, 2014; Neville, 2011). While
shrinkage has been described as time-
dependent volume change property of
concrete that occurs due to a number of
mechanisms. Shrinkage has been reported to
occur due to the movement of water in both
fresh and hardened states (Neville, 2011).
The shrinkage and creep of concrete
element are categorised as time-dependent
deformation properties of concrete. There
exist several types of fibres that is
incorporated in concrete, but the most
commonly used are the natural (vegetable),
steel, glass, asbestos, carbon and
polypropylene type of fibres (Tejchman &
Kozicki, 2010; Ali et al., 2012; Arango et
al.,2012; Hasan et al., 2012; Blanco, 2013).
These resource fibres have gains in the
matrix proportioning of cement composites.
Bio fibres are believed to be more
environmentally pleasant to the users; this is
why they are currently getting appreciable

15
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consideration  for substituting the glass,
synthetic and steel fibres (Ali ¢f al.. 2012
Fhielemants & Wool, 2013). Researchers
(Reis, 2006; Ramaswamy ef ul., 1995 [.am
& Jamaludin, 2015) in the past years have
investigated and compared the benefit and
properties of natural, steel and synthetic
fibre. They succinctly described natural
fibres to possess many benefits than the
synthetic and other type of fibres. Such
advantages are low density, carbon dioxide
requisitioning, low cost, recyclability, issue
of sustainability, biodegradability, and
competitive specific mechanical properties
(Tolédo et al., 2003; Amar et al., 2005;
Hatta er al., 2008). However, if the
compressive and tensile strength of bio fibre
concrete i1s to some degree lesser than the
control concrete mix, its deformation
behaviour displays more enhancements in
ductility (Ramaswamy et a/., 1983; Hasan et
al., 2015; Ramaswamy ef al., 1983; Lam &
Jamaludin, 2015). Some studies have been
carried out on the properties of concrete
with the bio fibres which is usually referred
to as fibrous concrete from sugar cane,
coconut coir, malva, hemp, ramie bast, jute,
pineapple leaf, elephant grass, bamboo,

akwata and sisal with encouraging results
recorded (Ali et al., 2012).

Recently, a huge research effort has been
tailored towards the usage of bio fibres in
concrete composite reinforcement (Hasan er
al., 2015; Lam & Jamaludin, 2015). The
Increasing interest in it usage is due to the
several favourable properties it offers to
concrete when compared to conventional
plain concrete, steel, with low tensile
strength compared to high modulus fibre
such as steel fibre. Steel fibres’ large tensile
strength does not account for the improved
properties of fibrous concrete composites.
Thus, the fibre-matrix bond strength and
fibre aspect ratio are responsible for the
improved properties exhibited by fibrous
concrete composites (Ramaswamy er al.,
1983). Therefore, it is evident that
considering bio fibres for concrete
composite reinforcement is worthwhile and
of immense advantage to the environment,
and contributing to a greener planet. The
possibility of using low modulus fibres in
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“fibre | ving
Recently. Kk enaf fibre 1S rece
attention both N the

: - 1o
‘ ial application envirt 5
Lﬂl}d 1“45 'Ir;kamil?f?h et al., 2004). 1ts applicatio

. o other
in composite productio’ T':: nzase of
natural fibres is due 1O . and its

Lo e venaf fibre locally, and
accessibility of Kenal ds to price.
economic benefits Wlth b nt of life
Other reasons include: improver sistance
cycle and durability in structure, ' dous

. and other tremendo
to corrosion, ared with
properties it pOSSeSSes when {;om[: o
other bio fibres. Interest 1S 180 =
towards the inclusion of Kenaf ﬁbl_‘e n
concrete; this is meant 10 g
sustainable green material antfl save: our
environment from being dominated With
concrete products that could pollute and
contribute to global warmin_g. Cﬁtﬂﬁfﬁ'te
composite made of short discontinuous
Kenaf fibres has been under broad research
in the past few years and has several
interesting engineering properties when
likened with the plain conventional concrete
composite (Hasan et al., 2015, Lam &
Jamaludin, 2015) Application of this green
material in civil engineering construction is
geared towards building floor constructions,
concrete beams, concrete pavement and
bridge deck. By virtue of craving to apply
Kenaf  fibre in  construction, an
understanding of mechanical and time
dependent property of KBFCC under
enviz:unmental load (shrinkage) is evidently
required. This is of utmost importance
because; shrinkage can prompt excess
deﬂegtiun'and or stress relaxation which
an Invariably lead to the deformation of

€ concrete and subsequently to collapse in
reSpect to ime. Limited study on the effect
of bio fibre reinforcement on shr
deformations of cementitious
varying fibre content,
!Eﬂgth and different
N the literature.

t}.l" [_h’..

Inkage
OUsS materials at
»INCreasing  fibre
testing age are reported

Also, literature has
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Therefore, this paper
of the fresh state
dependent
environmental load (shyj,
view of producing a sygty;
durable concrete both
environmentally.

Presentq the
PrOpertje

kage)  Unde,
Nable

Materials and Metho(g
Materials and Mix Proportig
To obtain a 28 days targe
strength of 30 N/mm?2
research work,
designed  method
determined water cement rar;
used for the entire . )
category. A Type | ordinary
(OPC) was used as the
Crushed granite with maximuy
mm was used as coarse aggre
sand with a maximum sjze

used as fine aggregate. Treateq Kenaf f;

(KF) of 3 varying length (25 mm, 5 .
and 75 mm) were used in the pmd;.mtiﬂ:mf
the different category of concrete at ﬁb{:
volume fraction of 0.25%, 0.50%, U'Jj“-f:
1.0%, 1.25%, 1.50%, 1.75% and 2.0% ;
CL}rled long Kenaf fibre is presented i
Figure 1. The fibrous concrete mixture wa
bench marked against a plain concrete (0%
Vt) mix as control for comparison. The
detail information on the physical ad
chemical properties of KF is presented i
Table 1. Rheobuild 1100 brand o
Superplasticizer was applied to the concret
mixture at 1% of the cement content used®
enhance the concrete workability owing !
the hydrophilic property of natural fibr "
concrete. The proportions of the conerét
constituent for 1 m® of concret .

presented in Table 2.
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Table 1: Details of Kenaf Fibre (KF)

Consideration Description/value

Type Natural fibre

Length (mm) 25,50 and 75

Diameter (pm) 65.4

Density (kg/m’) 1200

Tensile Strength (N/mm?) 135-930

Elongation (%) 1.6

Elastic Modulus, £ (MPa) 14-53

Reaction with water Hydrophilic

Cellulose (%) 31-57

Hemicelluloses (%) 21-23

Lignin (%) 4.79-19.0

Pectin (%) 2.0

Table 2 Proportions of Constituent for 1 m* of Concrete
Mix type KF length | KF volume | Cement CA FA Water KF volume
() (V) (Kg/m?) (Kg/m®) | (Kg/m’) | (Kg/m?) fraction (})
(mm) | (%) (Kg/m)

Control 0 0 418 1002 725 230 0
(PC)
KBFCC 1A 0.25 418 1002 725 230 3
KBFCC 2A 0.50 418 1002 725 230 6
KBFCC 3A 0.75 418 1002 125 230 9
KBFCC 4A 1.00 418 1002 7235 230 12
KBFCC 5A | 23 1.50 418 1002 725 230 18
KBFCC 6A 2.00 418 1002 725 230 24
KBFCC IB 0.25 418 1002 125 230 3
KBFCC 2B 0.50 418 1002 725 230 6
KBFCC 3B 0.75 418 1002 725 230 9
KBFCC 4B | 50 1.00 418 1002 725 230 12
KBFCC 5B 1.50 418 1002 125 230 18
KBFCC 6B 2.00 418 1002 125 230 24
KBFCC 1IC 0.25 418 1002 723 230 3
KBFCC 2C 0.50 418 1002 725 230 6
KBFCC 3C 0.735 418 1002 723 230 9
KBFCC 4C 1.00 418 1002 7235 230 12
KBFCC 5C | 79 1.50 418 1002 725 230 18
KBFCC 6C 2.00 418 1002 725 230 24

KF — Kenaf Fibre. FA- Fine Aggregate, CA — Coarse Aggregate

17
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ransport
The

Stump Test (AS T™ C143/C143M, 201 7)
The workability of concrete Was evaluated

slump to give an estimate of

concrete ease of handling in fresh state
(Error! Reference source I_mt found.).
This test method 1s characteristically us_ecl to
ensure a consistent workability. Once 1t he}s
being established that a particular FC mix
has satisfactory handling and placing
characteristics at a giving slump, the slump
test value will be used as quality control test
to monitor the FC consistency from batch to
batch. The target slump of the concrete is in
the range of 30-60mm.The procedure

Figure 2 An operational procedures for slump test: (a

by

) Abrams slump apparatus, (b and ¢) Measurement of sl

18

followed. i
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(b) VB apparatus in operation

Figure 3 Operational procedures for Vebe test

Compacting Factor Test (BS 1881-103:
1993)

Compaction factor test is designed by
Glanville (1947), 1t is applied to compute
the rate of compaction. This test is
considered as a reliable method to evaluate
workability of the concrete. The test is done
in accordance to BS 1881-103 (1993). After
carrying out the test, compacting factor,
which is the proportion of the weight of the
partially compacted concrete to completely
compacted concrete, is computed. It should
be noted that for the range of concrete to be

considered normal, the compacting factor
should be within the range of 0.8 to 0.92.

Compact test machine is demonstrated in
Error! Reference source not found.. The

compact factor value is achieved with the
Equation 1.

Shrinkage Test

The drying shrinkage test was performed in
compliance to ASTM C157/C157M (2017).
The test was performed on a set of three 100

CF =

mm x 100 mm x 285 mm prisms as
specified. The specimen is prepared
inconsonance with the guidelines of ASTM
C192/C192M (2018). The specimens were
moist cured in the mould and stainless steel
studs were embedded on the specimens to
facilitate measurement of length change.
The specimens were demoulded, 24 hours
after mixing. The specimens were placed in
lime saturated water, and maintained at 23 +
0.5 0C for a minimum of 30 minutes, before
being measured for length change. This is to
reduce the disparity in length due to
temperature variant. At an age of 24 = 12
hrs after the addition of water to the cement
during the mixing operation, the specimen
was remove from water storage one at a
time, wipe with a damp cloth, and the initial
comparator reading was immediately taken.
After the initial comparator reading, the
specimens was store in lime-saturated water
at 23 = 2 °C until they have reached an age

of 7 or 28 days, including the period in the
moulds.

weight of partially compacted concrete

weight of fully compacted concrete

19
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factor (b) filling concrete into the pay (d)
of Slump (d) vibrating table

' (onal procedures for compacting factor test

- j second specimens are at a t
At the end of the curing period, 2 h J; L Ty CMperatyre of )
comparator reading Was taken after the viarks praced on - the Speci 3i2:C
Specl:i)mens have been brought to a more identification or POsitioning ar:mﬂns oy
. ' m
closely controlled temperature a5 was d{:‘:i fl{sfdpfi:csll:rirte comparator (Dem; e by,
prior to the earlier reading apd in the manne ' InKage measuremen < gaul&|
described above. The specimens were then Error! Reference soypce o Showy, "
moved into the drying room, and then _Errur! Reference soyree “t fﬁﬂnah
subsequent comparator readings of each lllu_strate the Operationg] prﬂcednt fﬂumi
specimen was taken every day for two shrinkage test. To calculate HTe for
weeks. weekly for one month and monthly strain (length change) of the © Shrinjy,,
up to a period of ten months. These readings any age after initial Cﬂmparspemmens A
were taken in a room maintained at a Equation 2 is applied: ator reading
relative humidity of 50 £ 4 % while the |
1 16 (li —IO)
“sh =TE 2 ]
i=1 (2)
Where:
¢ , =Shrinkage strain (length ch :
ange
l; =  Measured distance between it

pair of gage points

] & pa xm
0 = Original d i" pai
g Istance between i™ pair of gage points measured immediately after

demoulding.
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Figure S An operational sequence for Shrinkage test

Results and Discussion

Concrete Workability

Results of Fresh State Properties of PC
and KBFCC

A total of 19 different concrete mixes
comprising of one PC mix which stands as
control for the experiment, and 18 different
mixes of KBFCC at varying fibre volume
fraction (vy) and fibre length (/) was tested.
These mixes were tested for workability
(slump, compacting factor and Vebe test),

unit weight and the results are reported and
discussed.

Workability

It has being established from previous
researches done that bio fibres (Kenaf fibre)
influence the workability of fibrous
concrete (Razavi, 2017; Hasan et al., 20135;
Lam & Jamaludin, 2015; Vajje & Krishna,
2013). Concrete mixture workability is an
essential property in the determination of
precise proportion of fibre volume fraction
and length. The results of the workability of
the respective PC and KBFCC were

21

obtained with respect to slump, compacting
factor and vebe test. The results obtained are
discussed as in the following section.

Effect of Kenaf Fibre on the Slump of

Concrete

The result of workability in terms of the
slump of PC and KBFCC at varying fibre
volume fraction (vy) (0-2%) and fibre length
(lp (0, 25, 50, and 75 mm) is shown In
Figure . As the Kenaf fibre volume fraction
increases, it was observed that the slump of
the KBFCC decreases. This necessitated the
need to include an optimum content of 1%
of superplasticizer dosage so as to maintain

workability of the concrete within a
tolerable limit of the design.

The fibre length (/) and volume (v, was
varied, as much as possible among the
mixtures for comparison purposes; in order
to obtain the lowest possible optimum fibre
content and volume with adequate slump
values that will make target compressive
strength, tensile strength, flexural strength,
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5-100 n;m and slump for PC

KBFCCs were KBFCC with fibre

was 120 mm. Though

i rete
above, the wnrkablllz Ofe v{e:f}lxlitiff.
drastically decreased and et‘r_ﬂmm s
A balling effeE:t_is observed 1n Er:cture .
mixture contamning fibre vo!ume.

1%, 1.5% and 2%. This balling effect causes
the mixture of the concrete to be dlf’ﬁcult_ to
mix and it causes void in the concrete. 10€
slump of KBFCC with 25 mm long fibres
increased as compared to that with 50 mm
long fibres for all considered fibre contents.
The slump decreased when the fibre length
() increased from 50 to 75 mm. The slump
of all KBFCCs was less than that of PC. The
stiffening of the concrete mixture and the
reduction of the concrete workability,
influenced by fibre inclusion in
mechanically mixed concretes reflects the
primary effect of fibre content and fibre
length (Johnson, 1994). It was noted that the
knitting of fibres resists the flow of fresh
concrete affecting the workability of
concrete. This is in agreement to the
findings of previous researches (Hasan et

al., 2015; Lam & Jamaludin, 2015; Ali et
al., 2012).

Effect of Kenaf Fibre on the Vebe of
Concrete

Since fibres greatly increase concrete
mixture stability, the slump test does not
reflect the placeability of KBFCC using the
vibratory consolidation equipment that is
normal in practice, ., ey

r A &

mixtures with fibres exhibit what appears

Ty

be unacceptable low slump, .

to mixtures without "ihrﬂ,."wj‘--‘“r_,,,r
same placeability under ‘-f'ihﬁ | “_"-"H "
|994) Test ﬂppr“pﬂ;i’[{: I .r,IL |
placeability of KHF(( | Or ]_r“_:?-
include the test for time ¢ Unde, St
vebe test which measyre br
The result of workab“ity .
Vebe of PC and KBFCC i t'f-‘hml
volume fraction (0-2%) anq ¢, “Ving ("
(0’25’50’3ndl?5rn”Uiﬁghuﬁ#E, :t?-
As the .Kenaf fibre V(}I:n o
increases, it was observed th, S:e Y
of the KBFCC inCreaged_ Thig E\/Ehﬁl:_
the need to include an Dptimulnﬂcﬁ"‘?*-"f
1% of superplasticize,- dﬂgan C{)mﬁnt*—';
maintain workability of the nﬁ 80 3

e 0
a tolerable limit of the desigy, Tote wig

Figure revealed that as the fipy. i
fibre length (/) was intrg ducegh
concrete mix, the Vebe time
for the same fibre content, Th
fact that long fibres tend to g
while short fibres does not mtEﬂUCkmgﬁther
be dispersed easily by 1¥ri}m_atmﬂmdr:ar.
experimental results obtained iy Ihitl; Th
are in close agreement with the Stugy
findings from Razavi (2017), ol

longe

oo O th
.a SD Incrﬁaga:
1818 dye 1, Ih:

-

The Vebe times for KBFCCs were 3.4
seconds and Vebe time for PC wa;;
seconds. Though, KBFCC with fjy,
content below 1% was workable in Spite of
its high Vebe time. For fibre volume of |y,
and above, the workability of concres
drastically decreased and became very siiff

Effect of Kenaf Fibre on the Compactin
Factor of Concrete

The compacting factor test was conductedt
investigate workability of PC and KBFCC
The compacting factor value of all
concrete mixes for different fibre length ()
and fibre volume fraction (v) are presiie
in Figure . As shown in Figure, compacting
factor values of concrete decreased a5 the |
and vy increased. Meanwhile, for .ﬁh“_
volume of 1% and above, the workability ﬂl
concrete drastically decreased and 'b?fﬂ”:f
very stiff. It was noted that the knittin t:e
fibres resists the flow of fresh IR
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aftecting the workability of concrete. This is
inagreement to the findings of Awal &
Shehu (2013) and Hasan ef o/ (2012). The

fibre length (/) of Kenaf fibre has a prime

influence on the workability of concrete

mixtures. The compacting factor value has
been found to decrease in concrete mixture
produced from fibre length of 25 mm, 50

mm and 75 mm. A significant drop from

Ogunbode, et al,,
0.951 to 0.809 for fibre length of 25 mm,
0.947 to 0.799 for I/, of 50 mm and 0.931 to
0.793 ftor fibre length of 75 mm. Figure
revealed that as the fibre with longer fibre
length was introduced to the concrete mix,

the compacting factor also decreased for the
same fibre content.

140
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_ 100 #50mm KF
= B75mm KF
£ 80
Q
£ 60
D 40 o
20
0 - = =
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Figure 6  Effect of fibre volume fraction (vy) and length (/) on slump of concrete
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Figure 7 Effect of fibre volume fraction (v,) and length (/,) on Vebe of concrete
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Shrinkage Behaviour of KBFCC ot
Shrinkage is an injurious time dependen

deformation  property of  concrete.
Durability and long term strength of
concrete are its victims. Length and or
volume change of concrete lt?adsi to
unappealing cracks, which in pl‘:{:lCtICE 1S an
issue of concern to all designers and

engineers. This study presents the
experimental outcome of the influence of

kenaf fibre inclusion in concrete as regards
the length change of KBFCC mix made of
varying fibre content (0% to 2%) at 25 mm,
50 mm and 75 mm fibre length compared to
PC.

The drying shrinkage of PC and KBFCC
tested in this experimental work are reported
as  deformation  strain.  Autogenous
shrinkage deformation of the specimen was
not considered in this test because strain
reading for this test began after 7 and 28
days curing period of the concrete
specimens. This made it impossible to
capture the autogenous strain deformation
of the specimens because the greatest part of

the hydration processes would have
occurred.

Figure 9 presents the free drying shrinkage

24

of fibre volume fraction (v) and length (/,) on compacting factor E"w

strain In microns for PC
specimens  beginning
different age. Concrete
earlier to shrinkage testing o
hydration period, exhibited g higher ;dm
snrin}qage strain  when COMpareq Ying
specimen exposed at an older age P’lth
days. The ensuing ins and oyt ex i

laj
facts about the specimen’s behgvi;u:h?
begin with, the ageing effect hag rﬁSuitéd iﬂ
I

slower moisture diffusion in the ye) Cureg

older concrete (Chern & Young, 1989)

Also, the increase of stiffness dye tq ageing
effect resists the shrinkage of concrete o,
effectively. The inclusion of Kenaf big fiy
caused the concrete specimen to parade 3
considerable lesser drying shrinkage
compared to concrete without Kenaf fibre
By inspection, this fibre influence can be
seen In Figure 9, 10, and 11. A similar
inclination has been stated by Ramaswany
et al. (1983) who observed a considerably
lower drying characteristic of the order of
50% to 70% for jute and coir fibre
reinforced concrete respectively compared
to those of plain concrete at a testing
duration of 60 days. The aptitude of bio
fibres to hold moisture can be ascribﬁd. >
the reason for the reduced free dryis
shrinkage of the KBFCC. In addition, ¢
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randomly orented o ik

¢ presence around
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kenat  fibres becomes
restraining fre
as the age

the cement .
continement

H.‘u'ﬁ{;\. o
More
¢ drying shrink
ot drj.in:»;_ INCreases as can be
observed from Figure 9. |10 and 11

By inspection of the graphs, it was ¢
that the shrinkage deformation
PC and KBFCC
25 mm,

active in
ALe O concrete

as observed
strain of the
Made with Kenaf fibre of
50 mm and 75 mm fibre length at
0%, 0.25%, 0.5%, 0.75%, 1.0%, | 5o, and
2.0% showed that concret

volume fraction. above 19

present in the

0 poor workability and
concrete mix.

concrete due
stiffness of the

Generally, it was observed

of Kenaf fibre in concrete reduce shrinkage
strain deformation. This behaviour is as a
result of the effect of volume of water or
moisture in concrete mix which controls
shrinkage of concrete which normally takes
place in the cement paste. Bio fibre in which
Kenaf fibre belongs, immensely contributes
to the reduction of the shrinkage of KBFCC
compared to the PC specimen. This
performance can be attributed to water or
moisture retaining ability of bio fibres
(Kenaf fibre), which in other words referred
to as hydrophilic nature of bio or cellulosic
fibre. In addition, the randomly oriented
Kenat fibre in the concrete specimen located

~around the cement gel generate a kind of

that the inclusion

of ¥enal Bin £k, TR

25

i dd i BN, ...

(uarantine 1

L]
i I!il .:\ # -

nh.“-t"il*[“"‘m‘nf O shrink &€ In the conc

'-pt_'k imen I|'H."I!‘|”I 1ISWAaAny &= _ "J'"{;}

.-\u.‘nhllﬂ;_{ 1o Neville (2011) P hrinkage
strain deformation 1< typically between 400

X 10" and 1000 x 10 tHowever. the

recorded drying shrinkage for all mixtures
exposed earlier to shrinkage testing at 7 and
28 days hydration period as presented in
Figure 9 ranged between 261 x 10 and 444
X 10 for mixtures made with 25 mm Kenaf
fibre length. Specimen made with 50 mm
Kenaf fibre length ranged between 212 « 10
> and 371 x 10 (Figure 10). A range
between 342 x 10 and 507 x 10" * was
recorded for specimen containing 75 mm
Kenaf fibre length (Figure 11). The control
PC specimen exhibited strain of 402 x 10
for specimen exposed to shrinkage testin g at
7 days while specimen tested at 28 days
showed a lower strain of 365 x 10
However, the lowest shrinkage strain in
Figure 9 to 11 was recorded for 50 mm
Kenaf fibre length mixture containing fibre
below 1% exposed to testing at 28 days
hydration period. This is because the fibres
have strong bonding properties with the
concrete matrix which provided sufficient
restraint to the mixture and therefore,
reduced shrinkage. The higher shrinkage
strain was recorded for normal concrete and
concrete mixture made with 25 mm and 75
mm Kenaf fibre length. This is due to the
high tendency of loss of moisture caused by
the created air voids due to the high content
and longer length of fibres in the mixture.
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Conclusions

Based on the

1 experimental results and
careful analysis. the followine deductions
thus emerged: L
I.  The introduction
decreased the workah

of  Kenaf fibres

ity of the ensuing

ﬂq.wi F % f i) . . .
concrete mix. 1% Superplasticizer was

added to the concrete mix achieve a

desirable slump. Through a fibre volumetric
content above 0.5%. the workability s

knqu.-'n to decrease due to greater interfacial
actions during mixing between the fibres
and cementitious materials in concrete.
Furthermore, mixes with longer fibre length
of 75 mm demonstrated lower slump, lower
VeBe time and higher compacting factor

value compared to shorter fibre length of 50
mm for the same fibre volume addition.

2. The shrinkage results of the BFCC and
PC up to 376 days pointed out that KBFCC
mixes exhibited lower drying shrinkage
than the PC (control). This may be due to the
hydrophilic nature of Kenaf fibres,
absorbing water during the fresh state of
concrete. The incorporation of natural fibres
in concrete in low volume fraction (< 1%) is
mostly recognised to be effective in
controlling and mitigating the susceptibility
to plastic shrinkage cracking. However, the
result of this study has corroborated this
assertion. Accordingly, it can be stated that
in cases where reducing concrete shrinkage

is important, the use of Kenaf fibre should
be used.
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