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EFFECT OF MOULD TYPE ON FLEXURAL STRENGTH OF SELF-
COMPACTING STEEL FIBRE-REINFORCED CONCRETE
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Abstract: Fresh self-compacting steel fibre-reinforced concrete (SCSFRC) of strength class 30 MPa
was casted into the small (100x100x400 mm’) and large (100x300x400 mm’) moulds. The large
specimen was splitted into three small identical ones (100x100x400 mm’). All of the specimens were
subjected to third-point bending in as-cast direction. Flexural strength of SCSFRC obtained from small
specimens (100x100x400 mm’) yielded 10% higher than that from large specimens of the same size.
While flexural strength defined by the small specimens (100x100x400 mm’) that were cut from the large
specimens was almost the same. When pouring fresh SCSFRC into the small mould, steel fibres were
orientated along with the flow of the fresh concrete due to the wall-effect and the velocity profile. Likely,
this phenomenon did not occur in the case of large mould. This was the main reason why flexural
strength was influenced by mould type.
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1. INTRODUCTION

The concept of Self~-Compacting Concrete
(SCC) was proposed in 1986 by Professor Hajime
Okaruma, but the prototype was first developed in
1988 in Japan by Professor Ozawa at the
University of Tokyo. SCC was developed at the
time to improve the durability of concrete
structures (Okamura & Ouchi, 2003). Since then
various investigations have been carried out and
SCC has been used in practical structures not only
in Japan, but also in many other countries, mainly
by large construction companies. Investigations
for establishing a rational-mix design method and
testing methods have been carried out from the
viewpoint of making it a standard concrete
(Domone, 2007).

Nowadays, SCC is considered as a
that can flow under its own weight
formwork without the need for any type of
internal or external vibration. SCC is used to
facilitate and ensure proper filling, and good
structural performance of restricted areas and
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heavily reinforced structural members. It has
gained significant importance in recent years
because of its advantages. Besides, this concrete
has also gained wider use in many countries for
different applications and structural configurations
(Sahmaran et al., 2015).

Self-compacting steel fibre reinforced concrete
(SCSFRC) combines the benefits of SCC in the
fresh state and shows an improved performance in
the hardened state due to the addition of steel
fibres. This kind of concrete mix can mitigate two
current concrete weaknesses: low workability in
fibre reinforced concretes and reduced cracking
resistance in plain concrete (Ferrara et al., 2011).
Steel fibres bridge cracks and retard their
propagation. The enhanced properties of SFRSCC
enable to step up both the constructive process and
the material mechanical properties. By the
utilization of SCSFRC, bleeding and segregation,
which may exist due to improper vibration and
may reduce the fibre/matrix bond strength, can be
avoided (Hossain & Lachemi, 2008).

The addition of steel fibres to a cementitious
matrix may contribute to improve the energy
absorption and ductility, load transfer capacity,
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residual load bearing capacity, durability, fire and
impact resistance, e.g. (Torrijos et al., 2010).
However, the contribution of fibres to bridge
stresses across a crack depends not only on the
uniformity of the fibre dispersion but also on their
orientation (Ferrara et al., 2011). These issues are
a consequence of a multiplicity of factors, namely
fresh-state properties, casting conditions into the
formwork, flowability characteristics, vibration
and wall-effect introduced by the formwork
(Grunewald, 2004, Nguyen, 2015).

In this paper, the effect of mould type on
flexural strength of SCSFRC is studied. To
perform this evaluation, two types of SCSFRC
specimens, which have a size of 100x100x400
mm® and 100x300x400 mm°®, were casted using
the same base mix proportions. The large
specimens (size 100x300x400 mm®) were cut and
splitted into three small specimens similar to the
others. All of the specimens were then subjected
to third-point bending test in as-cast direction to
evaluate flexural strength.

2. MATERIALS AND METHODS

The material used for this study are presented
as follows:

2.1. Cement and silica fume

Portland blended cement PCB40 with
commercial band But Son, which is conforming to
the Vietnamese standard TCVN 2682:2009, is
used in this study. Physical and mechanical
characteristic of cement are given in Table 1. In
addition, silica fume is used as powder content in
combination with cement in SCSFRC mix, its
specific density is 2.2 g/cm’.

Table 1. Physical and mechanical
characteristic of cement

Parameters Units Test
results
Specific density g/em’ 3.12
Bulk density g/cm’ 1.31
Blaine fineness cm’/g 3150
Consistency % 28.2
Initial setting time min. 102
Final setting time min. 285
Soundness of cement mm 2.1
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Parameters Units Test

results

3 days compressive N/mm? 30.1
strength

28 days compressive N/mm? 415
strength

2.2. Fine and coarse aggregates

Natural sand and crushed stone from the area
close by Hanoi city are used as fine and coarse
aggregates respectively for SCSFRC mix. Their
characteristics are given in Table 2. Besides, in
order to obtain grading of aggregates, sieve
analysis is also carried out, hence the results are
shown in Table 3.

Table 2. Characteristic of coarse
and fine aggregates

Parameters Units Crushed Sand
stone

ifi
Specific g/em’ 2.65 2.61
density
Bulk density | g/cm’ 1.47 1.53
Water % 1.1 15
absorption
Clay, silt and o 14 0.9
dust content
Fineness

- - 2.34

modulus 3

Table 3. Gradation of aggregates
by sieve analysis

Sieve size Crushes stone Sand
70 0.0
40 2.5
20 47.5
10 81.3
5 98.0 0.0
2.5 9.2
1.25 20.8
0.63 37.6
0.315 70.2
0.14 95.3
Pan 100 100
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2.3. Steel fibre

Steel fibre used in this study is made of high
strength steel. Yet, it is copper-coated to enhance
tensile performance, as it can be observed in
Figure 1. The characteristic of steel fibre is
provided in Table 4.

Figure 1. Steel fibres used in this study

2.4. Superplasticizer,
agent and water

Superplasticizer (SP) is a high-range water
reducer admixture, which is a third generation
polycarboxylate superplasticizer. Besides, in order to
improve segregation resistance and cohesiveness of
fresh concrete, viscosity modifying agent (VMA)
was also used to produce SCSFRC mix. Water used
in this study is tap water at Hanoi
Characteristic of SP, VMA, and water is shown in
Table 5.

viscosity modifying

arca.

Table 4. Characteristic of steel fibre

Etl\elel14889_?bre conforming Units | Value
Diameter mm | 0.2
Length mm | 13
Aspect ratio - 65
Tensile strength MPa | 2850

Table S. Characteristic of superplasticizer (SP), viscosity modifying agent (VMA) and water

Parameter Units SP VMA Water
Specific density g/em’ 1.075 +1.095 1.05 1
pH value - 4+6 7+8 7

2.5. Mix proportion, fresh properties and
compressive strength of SCSFRC at different ages

In this study, SCSFRC mix corresponding to
strength class of 30MPa at the age of 28 days is
designed. The “VMA-type SCC” mix design
method is considered, apart from the increase of
powder content and reduction of coarse aggregate
content (EFNARC, 2006). The silica fume dosage
is 10% of cement content. The water to powder

ratio is 0.5, besides the coarse to fine aggregate
volume ratio was 1.85. Meanwhile, the content of
fibres is specified as a percentage over the bulk
volume of concrete, yet the fibre contribution is
included into the grading of the solid fraction
(Ferrara, 2007). Steel fibre content is 30 kg per
cubic meter. Some “trial-and-error” were
involved, the final mix proportion of SCSFRC is
given in Table 6.

Table 6. Mix proportion of SCSFRC

Cement PCB40 | Silica fume | Sand | Crushed stone | Steel fibre | SP | VMA | Water
Mix kg kg kg kg kg 1 1 1
410 41 985 556 30 6.5 5.0 225
After a relevant mixing procedure, SCSFRC suchas 3, 7, 28 days.
was tested at fresh state in order to define slump- The fresh properties and compressive

flow value and Tsgg, as it is illustrated in Figure 2.
Afterward, nine standard cube specimens
(150x150x150 mm®) were prepared in order to
determine compressive strength at different ages
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strength at different ages of SCSFRC are
provided in Table 7. It can be observed that the
slump-flow value and Tso9 of SCSFRC mix in
this study are in agreement with the guideline
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for SCC mix (EFNARC, 2002). This implies
that SCSFRC mix is properly proportioned.
Compressive strength evolution of SCSFRC at
hardened state coincides with the previous study

of the corresponding concrete strength class
(Neville, 2002).

Figure 2. Slump-flow test on SCSFRC
at fresh state

Table 7. Fresh properties and compressive
strength at different ages of SCSFRC

Fresh properties Compressive strength,
MPa
Slump value, | Tsoo, 3 7 28
mm S days | days | days
700420 4 18.5 | 252 | 354

2.6. Specimen preparation for experimental
program

At the same time when the cube specimens
were prepared, the fresh SCSFRC mix was poured
into a small mould size of 100x100x400 mm”® and
another large one size of 100x300x400 mm’, as
shown in Figure 3 and Figure 4 respectively.

After casting SCSFRC into the moulds, the

120

specimens were kept in the laboratory for 24
hours, then they were removed from the moulds
and cured under the standard condition
(T=20+2°C; W>95%) up to the testing date. In
total, there were 3 large specimens (100x300x400
mm®) and 3 small (100x100x400 mm®), which
have been produced for experimental study.

At the age of 27 days, the large specimen was
cut and splitted into three identical specimens with
dimension of 100x100x400 mm®. In the next day
or at the age of 28 days, all of specimens were
subjected to third-point bending test in as-cast
direction with the span-length of 300 mm.

Figure 3. Casting of SCSFRC mix into
the small mould

Figure 4. Casting of SCSFRC mix into
the large mould
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3. RESULTS AND DISCUSSION

3.1. Flexural strength obtained from the
small and large specimens

As stated before, the large specimens were
splitted into three small ones, there are two exteriors
(LS-ex1 and LS-ex2) and one interior (LS-in), and
they are also denominated, as shown in Figure 5.
The average of flexural strength obtained from small
(SS) and large specimens ((LS-ex1, LS-ex2, and LS-
in) is shown in Figure 6.

Regarding flexural strength obtained from
large specimens (LS-ex1, LS-ex2, and LS-in), it
can be observed that the result is almost the same
value of about 3.9 MPa with a deviation of 0.1
MPa. It is noteworthy that flexural strength
obtained small specimens (SS) is about 10%
greater than that from large ones.

3.2. Influence of mould type on flexural
strength

Although all of the specimens were casted
from the same SCSFRC mix, flexural strength
obtained from different mould type yielded
different results. The outcome pointed out that
while casting SCSFRC into the moulds
(100x100x400 mm® and 100x300x400 mm®),
taking into account the same depth and length,
the wider breadth (Figure 3 and Figure 4), the
smaller flexural strength was obtained, as shown
in Figure 6.

LS-ex]

LS-ex2

Figure 5. lllustration of SCSFRC flowability
in the large mould

It can be observed in Figure 5 that SCSFRC
mix flowability in large mould seems to cause
fibre dispersion in all directions. On the other
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hand, since breadth of the small mould is much
i.e. the flow channel of SCC is
restricted, therefore steel fibres can be aligned
along the flow of the fresh SCSFRC due to the
wall-effect and the velocity profile (Grunewald,
2004, Ferrara et al, 2011). Since the flow
direction is parallel to the tensile stresses, as it can
be seen in Figure 3, thus under third-point bending
test in as-cast direction, the SCSFRC specimens
obtained from small moulds produce higher
flexural strength than that from the large moulds.

narrower,

Flexural strength, MPa
fow] e (=) tad
F S R

; ;

88 1.8-exl L8-ex? L8-in

Figure 6. Flexural strength of SCSFRC obtained
from small and large specimens

4. CONCLUSION

The effect of mould type on flexural strength
of self-compacting steel fibre reinforced concrete
(SCSFRC) was studied in this paper. Indeed,
flexural strength of SCSFRC obtained from small
specimens (100x100x400 mm’®) yielded 10%
higher than that from large specimens of the same
size. While flexural strength defined by the small
specimens (100x100x400 mm?®) that were cut from
the large specimens was almost the same.

In comparison with the large mould for the
case of the small mould, while casting into the
mould, the flow channel of SCSFRC mix was
restricted, thus the steel fibres were orientated
along the flow of the fresh concrete due to the
wall-effect and the velocity profile. Likely, this
phenomenon did not occur in the case of large
mould. This is the main reason why flexural
strength is influenced by mould type.
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Tém tit:
ANH HUONG CUA KiCH THUGC KHUON bUC MAU DEN CUONG PQ KEO
KHI UON CUA BE TONG TU LEN COT SQI THEP

Hbn hop bé tong tr lén cot soi thép (BTTLCST) véi mdc cuong dé 30 MPa dwoc dé vio cdc khudn
100x100x400mm’> va 100x300x400mm’. Mau 16n sau d6 dwoc cat ra lam 3 mau nhé nhw nhau
100x100x400mm>. Cdc mdu dwoc tién hanh thi nghiém danh gid cuong d kéo khi uon. Thi nghiém da
chi ra rang cdc mau tir khuén 100x100x400mm> cho ra két qua I6n hon mau tir khuén 100x300x400mm’
la 10%, mdc dii cdc mdu thi nghiém co kich thudc nhw nhau. Trong khi do, cuong do xdc dinh trén cac
mau cdt ra tir khuén 100x300x400mm’ cho két qua gan giong nhau. Khi dé hén hop BTTLCST vdo
khuén kich thuéc nho, cdc soi thép da dwoce dinh huéng theo dong chay ciia hon hop bé téng twoi ti lén
do hiéu irng thanh van khuén va cde ddc tinh vé toc @ chdy gdy ra. Hién twong ndy cé thé di khong xay
ra doi véi khuén 100x300x400mm’. Bay chinh la nguyén nhdn chinh dan dén sw anh huong ciia kich
thuée khudn dic mau dén cuwong dg kéo khi uon ciia bé téng tir lén cot soi thép.

Tw khéa: Bé tong tu Ién cbt soi thép, su dinh hudng cta soi, kich thuéc khuon, hi€u tng thanh van
khudn, cuong do kéo khi udn.

Ngay nhdn bai: 29/11/2019
Ngay chdp nhdn dang: 02/01/2020
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