Tikrit Journal of Engineering Sciences 21(1) (2014) 77-83

ISSN: 1813-162X
Tikrit Journal of Engineering Sciences
available online at: http://www.tj-es.com

Effect of Fibers and Filler Types on Fresh and Hardened Properties of Self-
Compacting Concrete

Saeed K. Rejeb”, Majid Kh . N.”, Ayad A. M.”

“Technical Institute / Mosul
and ***Technical College/Mosul

ABSTRACT

This paper deals with studying the fresh and hardened properties of self-compacting
concrete, by using three types of filler (silica fume, clinker powder & lime stone powder), and
two types of fibers (steel & glass fibers) with volume fractions of (0.5%) and (0.1%) respectively.
For each type of fillers, the fresh properties are measured by using Slump test, J- ring and V-
funnel, while hardened properties include the compressive strength, splitting tensile strength
and flexural strength. The results show that adding fibers to the self-compacting concrete (SCC)
well reduces the workability and improves the hardened properties. Also, the study concluded
that better workability is obtained by using (lime stone, silica fume and clinker powder) as fillers,
respectively. While the higher hardened properties are gained by using silica fume were rather
than those of other types of fillers.
KEYWORDS: Self-compacting concrete (scc), Silica fume, Limestone Dust, Fibers, Clinker

Powder, Fillers, Mechanical Properties, Superplasticizers.
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INTRODUCTION
Self-compacting concrete (SCC) is

considered a relatively new type of concrete

developed in Japan in the late 1980. Which
can be placed and compacted under its self-
weight with little or no vibration effort, and
which is at the same time cohesive enough
to be handled without segregation or
bleeding. SCC can also provide a better
working environment by eliminating the
vibration noise. It is capable of flowing
through narrow opening and complex
structural element or highly congested
reinforcement, and provides a void-free
surface. It is also known as self-
consolidating concrete, self-leveling

concrete and high fluidity concrete [1,2].

There are many advantages of using SCC

[3]:-

1. Improving the workability and flow ability
of concrete without segregation.

2. Reducing the construction time and labor
cost;

3. Eliminating the need for vibration;

4. Reducing the noise pollution;

5. Improving the filling capacity with low
voids of highly congested structural
members.

6. Facilitating constructability and ensuring
good structural performance

7. Better surface finishes

8. Improved durability,

9. Increased bond strength,

10. Greater freedom in design.

Fiber reinforced self-compacting
concrete (FRSCC) contains only one type of
fibers. The use of two or more types of fibers
in a suitable combination may potentially not
only improve the overall properties of self-
compacting concrete, but may also result in
performance synergie. The combining of
fibers, often called hybridization [4].

Zoran et al.,, from Serbia ( 2008 ) [5]
studied the effect of different types of
additives ( fly ash ,silica fume and hydraulic
lime) on properties of self-compacting
concrete.

The researchers are concluded that the
addition of fly ash to the mixture containing
hydraulic lime improves the behavior of self-
compacting concrete with fly ash and
hydraulic lime (SCCFAHL) concrete, but
has smaller filling capacity than other
mixtures, also they concluded that
incompatibility between silica fume and
superplasticizers requiring an increase of
water/cement ratio for the same concrete
workability.

In china Buquan etal .,(2003) [€],
investigated the influences of fiber content
on properties of self-compacting concrete
(SCC) by using mineral admixtures such as
slag and fly ash and different fiber contents
(0.5,1.0, and 1.5) %. They concluded that
addition of steel fibers improves (by up to
20%) the compressive strength of the self-
compacting slag fly ash fiber reinforced
concrete (SCSFRC) at early ages (3 and 7
day), also the adding of steel fibers
improved the flexural strength. It was found
that, the increase of volume friction (Vi) of
fibers decreased the flowability of fresh
concrete and increases the air content.

In India Jeenu etal .,(2007) [7] carried
out a study on the flexural behavior of
hybrid fiber reinforced SCC by adding (0.25,
0.5, 0.75 and 1.0) % of macro steel fibers
(0.9 mm diameter). The influence of hybrid
fibers on SCC mixture was also studied also
by replacing macro steel fiber with micro
steel fiber of 0.34 mm diameter for a total
fiber content of 0.75%. Fresh concrete
properties of SCC such as workability and
flow ability are usually decreased and
hardened properties such as compressive
strength, flexural strength and tensile
strength are improved by the addition of
fibers. Also they concluded that the optimum
percentage of macro fibers addition is 0.75%
by volume and 50% replacement of this by
micro fibers improved the performance of
concrete.

EXPERIMENTAL PROGRAM
Materials
Cement

The cement used throughout this work
was Ordinary Portland Cement produced by
badosh Cement Factory. The chemical
analysis and physical test results of the used
cement are given in Tables (1) and (2)
respectively. It conforms to the Iraqi
specification No. 5/1984.

Table (1): Physical Properties of Cement
3 . Test Limies of Iraqi Spec.
Pyl geageiies resu e
Specific surface arez Blaine mefied, cm’'zm 50 >0 ot g
Scandard consistexce, %
Seming tine, Vicat's mednd
Initial setting, min. > 23 pommges
Final setsing. min. < 620 mmutes
Fizeness oa deve Na. 170 % 3 <%
Compressive strength of 3 cm cablc mortar
samples, N .
Jdays i} >15 N
Tdavs >23 X'
Teaile streegth, Nmm?: ]
Jdays i83 218 N
Tdays 148 >4 Nmor
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Table 2: Chemical Analysis of Cement and Fillers

Compeand Cemene Specificadion Lim (Clinker
Compysdon I8, 31584 | Some | Powder

A0 3q 30-30

Abmimem Oride (%) | 38

W0, o e 7o | g
Silican Diaxide (%) o T o

1=
1

'

L

Fey
Tran Oxide (%)

(a0 . I
) 23 830-671 55 836
Lime ) f23 f30-6710 §

§0;
Salphur Trioxide (%) X

M0 12 Net more than
Msgresim Oride (%) b

Fine aggreqgate
Rounded natural sand of 4.75 mm

maximum size was used for concrete mixes
of this investigation. It brought from Khazer
region, Mosul, Irag. The sieve analysis of the
used sand is shown in Table (3). It conforms
to the limits of B.S: 882:1992. The specific
gravity, absorption, and material finer than
sieve No. 200 (75 pm) of the used fine
aggregate were (2.68, 2.66%, and 0.8%)
respectively.

Table (3): Sieve Analysis of Fine Agoresate

Sieve Size Apcmmlated Secmmlated Limitsof
{mm) Perceatage Pasing | Percemtage A3 HR A
%) Rewined (%) | (Fine) Specificatin
L7 1024 04 -
23 0 110 He108
L1 ES 15 RR0
060 33 48 W10
030 15 183 )
11 33 %3

Coarse aggregate

The washed coarse aggregate used
was rounded aggregate of 125 mm
maximum size. It brought from Khazer
region, Mosul, Irag. The sieve analysis of
this aggregate is shown in Table (4). It
conforms to the B.S: 882:1992. The specific
gravity, absorption, and material finer than
No. 200 (75 pum) sieve of the used coarse
aggregate were (2.66, 0.4 %, and 0.2%)
respectively.

& Table (4): Sieve Amalyas of Coarse Agsresate
Sizve Sixe Aecemuhizd Acommalared Limitof
=) Parveauge Passing | Percentage Rensined B IS
%) L 514 mimj Specificatise

1t 100 10
10 0 120

89 3140

=

Fillers

Three types of fillers silica fume, clinker
powder and limestone powder been used in
this research. The dosages of used fillers
were 10% by weight of cement. The
chemical analysis of fillers was given in
Table 2.
Chemical Admixtures

Chemical Admixture type Visco Crete —
SF 18 was used as high range water
reducing admixture and viscosity modifying
agent. The dosage used was 2% by weight
of cement. The properties of visco Crete —
SF 18, as provided by the manufacturer, are
shown in Table (5).

Table 5 Phrsical Progeresof Vit ree <F 18

Crte-SF 18

Name S Vi
(beminal base
Appearace oy
1 nale
Dy
Denazz

Fibers

Two types of fibers are used in this
research, glass and steel fibers with volume
fractions 0.1% and 0.5% respectively. Table
(6) shows the properties of the used fibers.

Table {6): Details of Steel and Ghass Fibers
Trpeof fiber Seeel Glass

Legh nn)
Diameter jzm) ! 034
Agpectrath B i3
Fractisnvalme (%) 1%

Dexsitr{kg'’)

o
=

Tap Water
Ordinary tap water was used in this

investigation for both mixing and curing
purposes.
Mix Proportions

Nine concrete mixtures, with mix
proportion of 1:2:1.75 and water —cement
ratio 0.35 are used. The mix proportions are
provided in Table (7). The quantities of
materials were, Cement 369 kg/m® fine
aggregate 880 kg/m®, coarse aggregate 770
kg/m®, water 154 kg/m?®, Visco Crete —SF 18,
2% by weight of cement and fillers, 10% by
weight of cement.
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Table (7 Detatls of the Mixes sed Thraughout this Investigation

NoMi | Mint | M2 | M3 | Mind | Min$ | MONG | Miw? | NS | Mix
Filer Sz fame Leesters 2oz
Typs [ 13%by vettof comime | 10

352 tplaceman
Fer |, |%ed |G| . |8 [Gs| |8 |G
Topes | 7 [0 ot | Y Lo o | Y| o |

Mixing Procedure

Mixing procedure and mixing time are
more critical as compared to conventional
concrete mixtures.
The following mixing procedure (with a total
mixing time of 7 minutes) was found to be
satisfactory to produce self-compacting,
where used during all batches in this study:
() Loading and mixing aggregates for 1

minute;
(i) Adding and mixing cement, and filler for

1 minute;
(iiiy Adding water premixed with Visco Crete

SF -18 and mixing for 2 minutes;
(iv) Carefully adding (to prevent balling) and

mixing fibers for 3 minutes.
Casting and Curing

After Preparation the materials and
mixing procedure was completed, tests were
conducted on the fresh concrete to
determine slump flow time and diameter, J-
Ring test, and V-funnel flow time. For each
concrete mixture, three 100-mm cubes,
three cylinders 100 mm in diameter and 200
mm height and three beams of size
100x100x400 mm were cast. All specimens
were casted in one layer without any
compaction. The cubes were used for the
compressive strength, the cylinders were
used for the splitting tensile strength and
beams were used for the flexural strength
tests. Then the specimens were Kkept
covered with polyethylene sheet in the
laboratory for about (24 + 2) hrs. After that
the specimens remolded carefully, marker
and immersed in water until the age of test.
Test Procedures
Testing of Fresh Concrete

Slump flow, J-Ring, and V-funnel tests
were performed in the laboratory on fresh
SCC to find filling ability, passing ability and
segregation resistance. Table (8) gives the
specifications of the workability tests of

SCC, According to EFNARC.
Table (3): Spectfications of Warkabilit tests of SCC, dcoordmg o EENARC [§] 3
Prapeny Descriptin 3!:::1 Specification Limit
ity of o fill 2 formmerk {§51-900) mm
Hingabiir | complel méeritsamn B .
aght S | Twmaldm
Anlity o omervoame
Pupgabily | adsmizinom | Jg 3
z AT A - <lmn
weight E o refnfiocemsat
and small speninz: e,
Bemammiens cempesicen T
St | ofonredwmgad | Vsl
e | e T TH e
trazsport ad place.

Testing of Hardened Concrete
Compressive strength test:

Based on BS 1881: part 5[9], the
compressive strength was carried out on
(100 x 100 x 100 mm) cube specimens by
compression testing machine Matest type,
Italy manufacturing, with capacity 2000 kN.
The compressive strength was taken as the
average value of three specimens.

Splitting tensile strength test:

The splitting tensile strength was
conducted on cylinders of (100 x 200 mm)
by compression testing machine Matest
type, Italy manufacturing, with capacity 2000
KN. The average of three test specimens
was taken. The test was carried out in
accordance with ASTM C 496-86 [10].
Flexural strength test

A testing machine, Matest type, Italy
manufacturing, with capacity 150 KN was
used for testing the flexural strengths of (100
x 100 x 400-mm) beam specimens. This test
was done according to ASTM C 78-84, using
Third-Point Loading, with span length 270
mm [11]. The flexural strength was taken as
the average value of three specimens.
RESULTS AND DISCUSSION
Fresh Concrete Properties
Table (9) presents the various workability
(Slump flow, J-Ring and V-funnel) test
results of different self-compacting concrete
mixes. All of the workability test results
conformed to the criterion of self-compacting
concrete (SCC) except results of Mix 6.

The results of fresh concrete tests are
shown in Table (9), which included the
slump flow diameter and time, V-funnel flow
time and J-Ring test. As seen in this Table,
the slump flow diameters of all mixtures
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were in the range of 730 — 545 mm. The
slump flow times were in the range of 2.85 —
8.5 Seconds, the J-Ring test values were in
the range 8.5 — 30.5 mm, and the V-funnel
flow times were in the range 1.89 -
4.41Seconds. Therefore, all concrete
mixtures were considered as self-
compacting concrete except Mix6.

Table (9) shows that the incorporation
fiber decreases the slump flow of all
concrete mixtures containing steel and glass
fibers compared control mixes (0% fiber).
This can be attributed to the fact that the
incorporation fiber increases the internal
resistance to flow. As can be seen from
Table(9), workability tests of SCC mix seem
to be more affected by the inclusion of glass
fibers with 0.1% volume fraction compared
to steel fibers with 0.5% volume fraction.

Also From Table (9), it can be seen that
the addition of 10% limestone dust, silica
fume or clinker powder cause any decrease
in workability of self-compacting concrete.
This behavior may be attributed to the very
high surface area of limestone dust and
silica fume powder which can be completely
dispersed into individual particles.

Table (3 Shump Flow, J-Ring and V-Fumsel Test Results of SCC E

Stammp Fow Jrig Vfmad

% In D Iy B i I |21
08 || 05 | O i 0}

w0 m S un e | ) fsze)
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ME: [ 32 )] 38 il o1 | I | I
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\mé 14 1) 3 T 3 14
M7 | lMf 3) 23 i3 ] Al 1%
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Hardened Concrete Properties
Table (10) shows the average

compressive, splitting and flexural strengths
of Self-compacting concrete with silica fume,
clinker and limestone fillers and with and
without steel and glass fibers. It can be
noted from the Table (10), that there is an
increase in compressive, splitting and
flexural strengths with fibers addition in
SCC.

Table (10): Average Compressive, Splitting and Flerural Strengths Resalts of SCC

at i Daws
i e Compressive Splittmg Hemaral*
’ Strengrd Sreazth Strengdh
iz OEs) 02y
Ml 3% £ 31
Mir? 6L ‘M 1149
Air} 3 : b
Mg 45 2 §30
M 5 X
Mixd 3 ! §0
Mix? %8 } §16
Air§ {73l 33 §4
Yixd i 3N i21

* Uiz Thid-Fomt Loa hug Mtked mth Spen beneft 274 om

From Table (10) and Fig.(1), fiber
inclusions of all types increased the
compressive strength, but this increase was
not significant in neither of the mixes.
Highest 28-day compressive strength was
obtained for Mix2 (self-compacting concrete
with 0.5% steel fibers and 10% silica fume
filler), whereas the Ilowest value was
obtained in Mix9 (self-compacting concrete
with 0.1% glass fibers and 10% limestone
filler). The splitting and flexural strengths
development for various filler and fibers
contents of all mixes of self-compacting
concrete are presented in Table (10) and
Figs. (2) and (3). Results demonstrated that
in general, all self-compacting concrete
specimens exhibited continuous increase in
splitting and flexural strengths with 0.5% and
0.1% steel and glass fibers. Table (10) and
Figs. (2) and (4), show that the addition of
0.5% steel fibers and 0.1 glass fibers to the
self-compacting concrete at 28 days
containing 10% silica fume by weight of
cement causes increase in the splitting
strengths 25.06% and 19.37% respectively.

Also, it can be seen that the addition of
0.5% steel fibers and 0.1% glass fibers to
the self-compacting concrete at 28 days
containing 10% clinker powder by weight of
cement causes increase in the splitting
strengths 20.54% and 16.78% respectively.
While, the increases of splitting strength of
self-compacting concrete with of 0.5% steel
fibers and 0.1 glass fibers and 10%
limestone were 15.80% and 12.37%
respectively. Also From Table (10) and Figs
(3) and (4), it can be seen that the addition
of 0.5% steel fibers and 0.1 glass fibers to
the self-compacting concrete at 28 days
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containing 10% silica fume by weight of
cement causes increases in the flexural
strengths 23.08% and 13.42% respectively.
Also, it can be seen that the addition of 0.5%
steel fibers and 0.1 glass fibers to the self-
compacting concrete at 28 days containing
10% clinker powder by weight of cement
causes increase in the flexural strengths
14.08% and 9.07% respectively. While, the
increases of flexural strength of self-
compacting concrete with of 0.5% steel
fibers and 0.1 glass fibers and 10%
limestone were 6.6% and 2.47%
respectively. Figs (2) and (3) shows the
results of the splitting and flexural strengths.
Self-compacting concretes with silica fume
give better results than those with ground
limestone and clinker powder. This behavior
is due to the pozzolanic activity of the silica
fume which increases when ground because
of the higher reactivity related with the
higher fineness.

This improvement in the properties of
superplastized silica fume self-compacting
concrete is attributed to the reduction in
capillary porosity caused by the reduction of
the water content of the mix. In addition to
deflection or dispersion of the cement
agglomerates into primary particles. Further,
the dispersion system will include particles
spaced at a more uniform distance from one
to another. Thereby on continuing hydration
there is a greater statistical chance of
intermeshing of hydration product with fine
and coarse aggregates surface to produce a
system of higher internal integrity. Also, this
improvement in properties is attributed to the
pozzlanic reaction of the silica fume with
calcium hydroxide, which was liberated
during the hydration of cement. It
contributed to the densification of concrete
matrix, thereby strengthening the transition
zone and reducing the micro cracking
leading to significant increase in strengths.

W Selfcompacting Concrete with 10% Clinker Powder

@ Self-compecting Concrete with 10% Silica Fume
OSelf-compacting Concrete with 10% Limestone Dust Powder

6151

ncrete at 28 Day:

60.92

essive Strength of Self-Compacting Co
a)

%

Compr

With 0.5% Steel Fiber With 0.1% Glass Fiber

Types of Fibers

Fig. 1 :The Effect of Fillers and Fiber Types on
The Compressive Strength of Self-Compacting
Concrete

@ Self-compecting Concrete with 10% Silica Fume
W Selfcompecting Concrete with 10% Clinker Ponder
OSelfcompecting Concrete with 10% Limestone Powder

ncrete

Splitting Tensile Strength of Self-Compacting Cor
at 28 Days (MPa)
~

No Fiber With 0.5% Steel Fiber With 0.1% Glass Fiber

Types of Fibers

Fig. 2 The Effect of Fillers and Fiber Types on
The Splitting Tensile Strength of Self-Compacting
Concrete

@ Self-compacting Concrete vith 10% Silica Fume
W Self-compacting Concrete with 10% Clinker Ponder
O Self-compacting Concrete vith 10% Limestone Powder

Flexural Tensile Strength of Self-Compacting
Concrete at 28 Days (MPa)

No Fiber With 0.5% Steel Fiber With 0.1% Glass Fiber

Types of Fibers

Fig. 3 The Effect of Fillers and Fiber Types on
the Flexural Tensile Strength of Self-
Compacting Concrete
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3
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Fig. 4 Increasing Percentages of Compressive,
Splitting and Flexural Tensile Strengths of Self-
Compacting Concrete at 28 Days (%)
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CONCLUSIONS

The study has arrived to the following

conclusions:-

1-

Fresh concrete properties of SCC such
as (workability and flow ability) decreased
while hardened properties such as
(compressive strength, flexural strength
and tensile strength) improved by the
addition of fibers.

The incorporation of fibers decreases the
slump flow of all concrete mixtures
containing steel and (glass fibers
compared control mixes (0% fiber). This
can be attributed to the fact that the
incorporation fiber increases the internal
resistance to flow. Workability tests of
SCC mix seemed to be more affected by
the inclusion of glass fibers with 0.1%
volume fraction compared to steel fibers
with 0.5% volume fraction.

The higher hardened properties are
measured in mixes containing silica fume
as a filler with steel fibers . Results
demonstrated that in general, all self-
compacting concrete specimens
exhibited increases in splitting and
flexural strengths with 0.5% steel and
0.1% glass fibers.

Addition of steel and glass fibers
improved the 28-day compressive,
splitting tensile and flexural strengths of
self-compacting concrete, with steel fiber
showing the best performance. The
significant gain in splitting tensile/flexural
strength due to steel fiber compared to
glass fibers can be attributed to the better
interlocking characteristics of steel fibers
in the concrete matrix.

The addition of 0.5% steel fibers and 0.1
glass fibers to the self-compacting
concrete at 28 days containing 10% silica
fume by weight of cement -causes
increases in the splitting strengths
25.06% and 19.37% respectively. While,
the increases in the flexural strengths
were 23.08% and 13.42% respectively.
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