Preface

The 6" International Conference of Euro Asia Civil Engineering Forum (EACEF 2017) was held at
Hanyang University, in August 22" to 25" 2017. The conference was jointly organized by Hanyang
University, Korean Society of Soil and Groundwater Engineering and Indonesian Universities
Consortium. In this conference, the participants from 20 different countries was attended with various
research topics in Civil and Environmental Engineering field.

The world pursues to minimize environmental impact on living and industry in these days.
Following the flow, EACEF 2017 focused on environment-focused civil engineering. Under the slogan,
“green infrastructure for future world”, the EACEF 2017 aims to achieve and the promote quality
growth of civil engineering.

EACEF 2017 consists of 9 different technical sessions: Sustainable Construction Materials,
Structural & Construction Engineering, Concrete Engineering, Geotechnical Engineering, Construction
& Safety Management, Hydraulics, Hydrology and Water Engineering, Transportation Engineering,
Sanitation & Environmental Engineering, Climate Change, Disaster Management.

It was a great privilege to see that the conferences have become an effective platform to link
the researchers, academicians and professional engineers from Europe, Asia and another part of
continents. Especially those with a commitment to advanced sustainable development and
environmental friendly buildings and infrastructures. Through the EACEF conferences, we can
establish long-lasting international collaboration among us in research and even in projects. Also, it is
great pleasure that we successfully publish nearly 125 of high-quality papers in MATEC Web of
Conference.

I would like to thank our prominent speakers and all participants to the conference, as well as
students and colleagues who contributions to the EACEF 2017.
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Abstract. Reactive Powder Concrete (RPC) is a new technology in high
strength concrete industry. Steel fibers are usually used as reinforcements in
RPC mixture. In this research, steel fibers in RPC mixture are replaced by
fiberglass. The volume of fibers used are 1%, 1.5%, and 2%. Curing process by
steam curing in 12 hours. The concrete was tested after 28 days including
compressive test, split tensile test, and flexural test. The result shown that
optimal value of fiberglass added to mixture was 2% from total volume with
compressive strength value at 127.38 MPa, split tensile strength at 9.844 MPa,
and flexural strength at 10.36 MPa. Density of fiberglass reinforced concrete at
optimum volume is 2224.3029 kg/m’ it was lower than steel fibers reinforced
concrete at optimum volume which has density of 2310.385 kg/m’.

1 Introduction

The need of high strength concretes is a must in construction industries nowadays. Reactive
Powder Concrete (RPC) is one of the high strength concrete technology. RPC was first
developed and produced by P. Richard and M. Cheyrezy in the early 1990s as researchers in a
laboratory in France, known as Bouygues Laboratory.

RPC is a composite material of cement with high strength and ductility. RPC is a concrete
without coarse aggregate. Its microstructure is optimized by the appropriate particle size
distributionof the materials contained in a concrete mixture to increase the density of this
concrete. RPC consists of very fine aggregates (such as sand, cement, and silica fume), steel
fibers, and superplasticizer. The range of the compressive strength of RPC is from 200 to 800
MPa. A high strength could make RPC fragile. Therefore, steel fibers are usually added into the
RPC mixture to increase its ductility. The addition of fibers into a concrete can increase its
strength and toughness.The direction of the fibers, the length of the fibers, and the tensile
strength of the fibers affect concrete strength and toughness [1]. The critical length is the
minimum length of the fiber required to retain stress or tension equal to the fiber’s strength. The
use of shorter or longer fiber beyond its critical length will cause the non-optimum strength and
capacity of the fiber to retain stress or tension [1].

*corresponding author: widodo@untar.ac.id
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In this research, steel fibers in a RPC mixture will be replaced with fiberglass. Fiberglass is
polymer fibers strengthened by glass fibers. Fiberglass is a light and strong material usually
used for gliders, boat manufactures, water tanks, cars, etc. Fiberglass was chosen because this
material is light but strong against tensile and tension.The tensile strength of fiberglass is higher
compared to steel fibers [1-3].

The research of fiberglass use as a reinforcement of a concrete was first conducted in
Russia in 1940s and was then introduced to the world’s building industry in the early 1970s in
the United Kingdom. Glass Fiber Reinforced Concrete(GFRC) is a fiberglass mixture with
cement matrix. This mixture maintains the physical and chemical identity of the fiber and even
the cement matrix synergistically and reaches a combination of properties which could never
been achieved individually. The fibers retain loads while the cement matrix maintains the
location of the fiber reinforcement and also protects the fibers from damage caused by the
surrounding environment [4-7].

Flexural strength of the fibrous concrete is affected by the volume and ratio aspect of the
fibers in a concrete mixture [1]. Because of these factors, we had been conducted experiment in
this research by using a different value of fraction of the fiber volume. The length and diameter
of steel fibers used were from 11.0 to 13.0 mm and from 0,12to 0,13 mm respectively. The
tensile strength of the fibers were 1200 MPa. They were produced by Hebei Yusen Steel Wire
Mesh Co.,Ltd. The fiberglass used was produced by PT. Justus Kimia raya conducting
continuous roving with a tensile strength of 2400 MPa.

This research was intended to know the difference of compressive, splitting, and the flexural
strength of a RPC with steel fibers and fiberglass mixtures. Furthermore, this research was also
intended to identify the fraction of the optimum volume of the addition of each materials into
the RPC mixture.

2 Research Methods

The materials used in this research are PCC cement, sand with a maximum grain size of 0.6
mm, water, silica fume, superplasticizer viscocrete-10, AR-Glass as fiberglass, and steel fibers.
The mix designused are as the ones below:

Table 1.Typical RPC composition

Material Ratio by weight
Cement 1.00
Silica fume 0.25
Sand 1.50
Super plasticizer 0.03
Water 0.20
Fiber fraction volumes (%) 1,0; 1,5;2

Before making the specimens, a test was done for fine aggregates based on standard
examinations. There were 10 cylindrical specimens (7.5 cm x 15 cm) and 2 beams (10 cm x 10
cm x 40 cm) prepared for each kind of fiber and volume fraction. The concrete treatment
technique used was the steam method. The examination was done after the concrete has reached
28 days.
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The compressive strength examination was done on 5 cylindrical specimens based on ASTM
C39 [8]. The splitting strength examination was conducted on 5 cylindrical specimens based on
the splitting strength value (F) [9], and The flexural strength examination was carried out on
the beam specimens based on the flexural strength value (F,) [10] :

3 Results And Discussions

The addition of fibers into the RPC mixture can increase its strength because the addition of
fibers prevent cracks propagation caused by loadings or forces [11,12]. Results of the
examination are shown in Table 2. The process of the examination of compressive, splitting,
and flexural strength are shown in Figure 1.

The addition of fiberglass and steel fibers in a concrete increases compressive, splitting, and
flexural strength of the concrete.The increases those concrette strengths due to addition steel
fibers were greater compared to the addition of fiberglass.

We can conclude that the optimum value for the addition of fibers were different between
steel fibers and fiberglass. The optimum value for the addition of steel fibers with the volume
fraction of 1.5% was 95.89 MPa for its compressive strength are show in Figure 2, 13.11 MPa
for its flexural strength are shown in Figure 3 and 12.414 MPa for its splitting strength are
shown in Figure 4. The optimum value for fiberglass additoin with the volume fraction of 2%
was 90.380 MPa for its compressive strength, 11.020 MPa for its splitting strength, and 10.363
MPa for its flexural strength.

(@) (b) (c)
Figure 1. (a) Compressive Strength Examination, (b) Splitting Strength Examination, (c)Flexural Strength
Examination
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Figure 2. Effect of fibers volume additions on compressive strength of reactive powder concrete
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Figure 3. Effect of fibers volume additions on flexture strength of reactive powder concrete.
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Figure 4. Effect of fibers volume additions on spliting strength of reactive powder concrete.
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Figure 5. Effect of fibers volume additions on density of reactive powder concrete.

Based on the results of the examination are shown in Figure 2, the changes in the strength of
the concrete with steel fibers reinforcement increased after the addition of 1% until the peak
which is 1.5% and then decreased when it was added until 2%. The changes in the strength of
the concrete with fiberglass reinforcement continuously increased from the addition of 1% until
2%.

The increase of the flexural strength value on Figure 3 and splitting strength value on
Figure 4 of the concrete due to the addition of steel fibers was in general higher than the
concrete added with fiberglass. However, the overall average density of the concretes for each
of the volume fractions with fiberglass is smaller than the one with steel fibers. These results
are shown in Figure 5. Moreover, the difference of the mechanical properties value of the
concrete, with the addition of fiberglass at the value of 2%, with a lower density,was very small
compared to value of mechanical properties the addition of steel fibers at the optimum value
which is 1.5%.

The value of flexural and splitting strength of the concrete with the addition of fiberglass
was lower compared to the ones with the addition of steel fibers. This was because the ratio
aspects which wre too excessive on concretes with fiberglass, where the length of the fiberglass
used was between 30-40 mm compared to the diameters of the fibers which is relatively small,
about 14 um per filament. Mean while the ratio aspects on concretes with steel fibers were too
large because the length of the fibers wass about 11,0-13,0 mm with a diameter about 0,12-0,13
mm.The addition of fiberglass into the RPC mixture could increase the durability of the
concrete against cracks (crack resistance) caused by heat of hydration, creep, and shrinkage.

4 Conclusions

Based on the results of this research, the followings could be concluded:

— The addition of steel fibers and fiberglass into a RPC increases the mechanical property of the
concrete.

— The optimum value of the fiberglass added into the RPC was when the volume fraction is 2%.

— The optimum value of steel fibers added into the RPC wass when the volume fraction is 1.5%.

—When the value of volume fractionwas optimum, the flexural and splitting strength of the
RPC with steel fibers reinforcement was higher and stronger than the RPC with fiberglass
reinforcement. However, the compressive strength of the RPC with fiberglass reinforcement
is higher and stronger compared to the RPC with steel fibers reinforcement.

— The density of the RPC with fiberglass reinforcement is overall smaller compared to the RPC
with steel fibers reinforcement.
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—The use of fiberglass and steel fibers on RPC could prevent cracks caused by heat by

hydration, creep, and shrinkage.
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Abstract. Reactive Powder Concrete (RPC) is a new technology in high
strength concrete industry. Steel fibers are usually used as reinforcements in
RPC mixture. In this research, steel fibers in RPC mixture are replaced by
fiberglass. The volume of fibers used are 1%, 1.5%, and 2%. Curing process by
steam curing in 12 hours. The concrete was tested after 28 days including
compressive test, split tensile test, and flexural test. The result shown that
optimal value of fiberglass added to mixture was 2% from total volume with
compressive strength value at 127.38 MPa, split tensile strength at 9.844 MPa,
and flexural strength at 10.36 MPa. Density of fiberglass reinforced concrete at
optimum volume is 2224.3029 kg/m’ it was lower than steel fibers reinforced
concrete at optimum volume which has density of 2310.385 kg/m’.

1 Introduction

The need of high strength concretes is a must in construction industries nowadays. Reactive
Powder Concrete (RPC) is one of the high strength concrete technology. RPC was first
developed and produced by P. Richard and M. Cheyrezy in the early 1990s as researchers in a
laboratory in France, known as Bouygues Laboratory.

RPC is a composite material of cement with high strength and ductility. RPC is a concrete
without coarse aggregate. Its microstructure is optimized by the appropriate particle size
distributionof the materials contained in a concrete mixture to increase the density of this
concrete. RPC consists of very fine aggregates (such as sand, cement, and silica fume), steel
fibers, and superplasticizer. The range of the compressive strength of RPC is from 200 to 800
MPa. A high strength could make RPC fragile.Therefore, steel fibers are usually added into the
RPC mixture to increase its ductility. The addition of fibers into a concrete can increase its
strength and toughness.The direction of the fibers, the length of the fibers, and the tensile
strength of the fibers affect concrete strength and toughness [1]. The critical length is the
minimum length of the fiber required to retain stress or tension equal to the fiber’s strength. The
use of shorter or longer fiber beyond its critical length will cause the non-optimum strength and
capacity of the fiber to retain stress or tension [1].

*corresponding author: widodo@untar.ac.id
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In this research, steel fibers in a RPC mixture will be replaced with fiberglass. Fiberglass is
polymer fibers strengthened by glass fibers. Fiberglass is a light and strong material usually
used for gliders, boat manufactures, water tanks, cars, etc. Fiberglass was chosen because this
material is light but strong against tensile and tension.The tensile strength of fiberglass is higher
compared to steel fibers [1-3].

The research of fiberglass use as a reinforcement of a concrete was first conducted in
Russia in 1940s and was then introduced to the world’s building industry in the early 1970s in
the United Kingdom. Glass Fiber Reinforced Concrete(GFRC) is a fiberglass mixture with
cement matrix. This mixture maintains the physical and chemical identity of the fiber and even
the cement matrix synergistically and reaches a combination of properties which could never
been achieved individually. The fibers retain loads while the cement matrix maintains the
location of the fiber reinforcement and also protects the fibers from damage caused by the
surrounding environment [4-7].

Flexural strength of the fibrous concrete is affected by the volume and ratio aspect of the
fibers in a concrete mixture [1]. Because of these factors, we had been conducted experiment in
this research by using a different value of fraction of the fiber volume. The length and diameter
of steel fibers used were from 11.0 to 13.0 mm and from 0,12to 0,13 mm respectively. The
tensile strength of the fibers were 1200 MPa. They were produced by Hebei Yusen Steel Wire
Mesh Co.,Ltd. The fiberglass used was produced by PT. Justus Kimia raya conducting
continuous roving with a tensile strength of 2400 MPa.

This research was intended to know the difference of compressive, splitting, and the flexural
strength of a RPC with steel fibers and fiberglass mixtures. Furthermore, this research was also
intended to identify the fraction of the optimum volume of the addition of each materials into
the RPC mixture.

2 Research Methods

The materials used in this research are PCC cement, sand with a maximum grain size of 0.6
mm, water, silica fume, superplasticizer viscocrete-10, AR-Glass as fiberglass, and steel fibers.
The mix designused are as the ones below:

Table 1.Typical RPC composition

Material Ratio by weight
Cement 1.00
Silica fume 0.25
Sand 1.50
Super plasticizer 0.03
Water 0.20
Fiber fraction volumes (%) 1,0; 1,5;2

Before making the specimens, a test was done for fine aggregates based on standard
examinations. There were 10 cylindrical specimens (7.5 cm x 15 cm) and 2 beams (10 cm x 10
cm x 40 cm) prepared for each kind of fiber and volume fraction. The concrete treatment
technique used was the steam method. The examination was done after the concrete has reached
28 days.
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The compressive strength examination was done on 5 cylindrical specimens based on ASTM
C39 [8]. The splitting strength examination was conducted on 5 cylindrical specimens based on
the splitting strength value (F) [9], and The flexural strength examination was carried out on
the beam specimens based on the flexural strength value (F,) [10] :

3 Results And Discussions

The addition of fibers into the RPC mixture can increase its strength because the addition of
fibers prevent cracks propagation caused by loadings or forces [11,12]. Results of the
examination are shown in Table 2. The process of the examination of compressive, splitting,
and flexural strength are shown in Figure 1.

The addition of fiberglass and steel fibers in a concrete increases compressive, splitting, and
flexural strength of the concrete.The increases those concrette strengths due to addition steel
fibers were greater compared to the addition of fiberglass.

We can conclude that the optimum value for the addition of fibers were different between
steel fibers and fiberglass. The optimum value for the addition of steel fibers with the volume
fraction of 1.5% was 95.89 MPa for its compressive strength are show in Figure 2, 13.11 MPa
for its flexural strength are shown in Figure 3 and 12.414 MPa for its splitting strength are
shown in Figure 4. The optimum value for fiberglass additoin with the volume fraction of 2%
was 90.380 MPa for its compressive strength, 11.020 MPa for its splitting strength, and 10.363
MPa for its flexural strength.

(@) (b) (©)
Figure 1. (a) Compressive Strength Examination, (b) Splitting Strength Examination, (c)Flexural Strength
Examination
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Figure 3. Effect of fibers volume additions on flexture strength of reactive powder concrete.

[N
IS

-
N

—

=
o

/}

8 /./

Spliting Strength, (MPa)

0,0 0,5

1,0

1,5

fiber volume, (%)

2,0

2,5

—o—Fiberglass
~—Steel Fibers

Figure 4. Effect of fibers volume additions on spliting strength of reactive powder concrete.
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Figure 5. Effect of fibers volume additions on density of reactive powder concrete.

Based on the results of the examination are shown in Figure 2, the changes in the strength of
the concrete with steel fibers reinforcement increased after the addition of 1% until the peak
which is 1.5% and then decreased when it was added until 2%. The changes in the strength of
the concrete with fiberglass reinforcement continuously increased from the addition of 1% until
2%.

The increase of the flexural strength value on Figure 3 and splitting strength value on
Figure 4 of the concrete due to the addition of steel fibers was in general higher than the
concrete added with fiberglass. However, the overall average density of the concretes for each
of the volume fractions with fiberglass is smaller than the one with steel fibers. These results
are shown in Figure 5. Moreover, the difference of the mechanical properties value of the
concrete, with the addition of fiberglass at the value of 2%, with a lower density,was very small
compared to value of mechanical properties the addition of steel fibers at the optimum value
which is 1.5%.

The value of flexural and splitting strength of the concrete with the addition of fiberglass
was lower compared to the ones with the addition of steel fibers. This was because the ratio
aspects which wre too excessive on concretes with fiberglass, where the length of the fiberglass
used was between 30-40 mm compared to the diameters of the fibers which is relatively small,
about 14 um per filament. Mean while the ratio aspects on concretes with steel fibers were too
large because the length of the fibers wass about 11,0-13,0 mm with a diameter about 0,12-0,13
mm.The addition of fiberglass into the RPC mixture could increase the durability of the
concrete against cracks (crack resistance) caused by heat of hydration, creep, and shrinkage.

4 Conclusions

Based on the results of this research, the followings could be concluded:

— The addition of steel fibers and fiberglass into a RPC increases the mechanical property of the
concrete.

—The optimum value of the fiberglass added into the RPC was when the volume fraction is 2%.

— The optimum value of steel fibers added into the RPC wass when the volume fraction is 1.5%.

— When the value of volume fractionwas optimum, the flexural and splitting strength of the
RPC with steel fibers reinforcement was higher and stronger than the RPC with fiberglass
reinforcement. However, the compressive strength of the RPC with fiberglass reinforcement
is higher and stronger compared to the RPC with steel fibers reinforcement.

— The density of the RPC with fiberglass reinforcement is overall smaller compared to the RPC
with steel fibers reinforcement.
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—The use of fiberglass and steel fibers on RPC could prevent cracks caused by heat by

hydration, creep, and shrinkage.
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