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ABSTRACT

In this study, the properties of Engineered Cementitious Composites (ECC) with the
addition of Nano Silica is investigated when test on chloride ion penetration, mercury
intrusion porosimetry (MIP), flexural strength (four point load bending) and compressive
strength. Based on 20 different mix proportions with PVA Fiber up to 2% and Nano Silica
up to 3% is use to be molded with different size such cylinder with diameter 100 mm,
beam with size of 0.25mm x 0.50mm x 508mm and cube with size of 50mm x 50mm x
50mm . The mixing process based on standard procedure given. The specimen are place
on curing tank for water cured for 28 days. After that, durability aspect and mechanical
properties of ECC will be determine through several test. Based on the durability test on
chloride ion penetration, through charge passed in term of coulomb in term of chloride
permeability, the charge passed decreased with the increase of Nano silica content in ECC.
But, difference with adding of PVA fiber content in ECC may increase chloride
permeability the result on chloride ion penetration showed from very low to low chloride
permeability of all specimen. From Mercury Intrusion Porosimetry (MIP) test, accessible
porosity reduce with the increasing of Nano silica content. It can explained by that the
increasing of Nano silica improve microstructure of ECC by reduce internal porous. While
on mechanical performance based on flexural test, The test result show that increase of
flexural strength up to 25 % compare to without Nano silica with maximum strain of
175um/m at 80% of flexural strength increasing of Nano silica content show an increase
in ductility of ECC. Also in compressive strength, the mechanical performance improve
based on the increase of Nano silica help to strengthen compressive strength of composite.
From the result analysis showed increase of compressive strength up to 35% compare to

without Nano silica
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Engineered cementitios composite (ECC) is a new type structural material
invented by Dr Victor Lee at University Of Michigan. This structural material is known
by their plastic deformation and high tensile ductility as compared to fiber reinforced
concrete. Many countries have used ECC such as Japan, Korea, Australia and Switzerland
applied to their infrastructure and building because of capabilities this material which
make the structure safer and sustainability (Rynanen, 2007) .The main ingredients of ECC

are cement, sand, fly ash, water, polyvinyl alcohol fiber comes with silica particle

According to New York Times (2007) examined that cement cause pollution
which cement plant contribute 5 percent of global emission of carbon dioxide major effect
on global warming. In other hand, cement produce a lot through a year as each new bridge,
each new infrastructure and building need new cement. A big population country like
china produce 45 percent of worldwide output even small country like Ukraine make
multiple their use of cement on every 4 years. A studies by Starling (2014) mentioned that
production of cement in Malaysia show an increment 4-5% in 2014 as government
implement Economic Transformation Project (ETP) include also private sector-driven and

property build which increase cement consumption in this country.

Nowadays, exploring on nanoparticle additives to traditional cement become
common place to researcher. Quercia and Brouwers (2010) stated that the use of silica
fines is a method to reduce the consumption of cement in a concrete mixture such like
nano silica particle with high potential to replace cement or use as concrete additive.
However, production of nano silica particle is not easy task which need to synthesized in
a complex way, resulting in high cost make them non- practical for the construction
industry. Moreover, the application of nano silica particle and its impact in not completely

understood.



1.2 PROBLEM STATEMENT

The study is conducted mixing ECC by using nano silica particle. In this research,
the effect of nano silica particle on durability and mechanical performance are studied in
ECC by addition of material to the composite. There always a challenge for researcher to

find optimum range of material to achieve excellent behavior.

Since nanomaterial is still an early development to ECC. It is importance to
observe and understand the influence of nano silica particle on the properties based on
pozzolonic reaction and pore filling. The reaction of pozzolonic activity produce C-S-H
gel is the main contribution of the strength in ECC. Moreover, porous is a major problem
to ECC reduce the mechanical performance and chemical attack. The characteristic of

nano silica particle due to very ultra-fine have a tendancy improve the material properties.

However, there is always a problem when adding a new material to structure
material. Regardless, the cost of production nano scale of silica which much higher
compare to other addition material. But, it is worthwhile if this material have very
significant effect to the performance of ECC.

Therefore in this studies, nano silica particle are adding to the ECC mix with a
percentage varies to find optimum range. Moreover, adding PVA fiber in ECC would give
understanding the influence of nano silica particle on strain hardening capacity. Therefore,
this research is based on the composite with varying percentages of Nano Silica and PVA
Fiber.



1.3 OBJECTIVE

The objectives of the research are:

1. To determine the durability aspect of engineered cementitiuos concrete (ECC)
containing nano silica particle
2. To evaluate the mechanical properties of engineered cementitious composite (ECC)

containing nano silica particle

1.4 SCOPE OF STUDY

This study focus on the material properties of nano silica particle in engineered
cementitious composite (ECC) mix. A set of mixture proportion used for this study where
ECC reinforced with 0-3% nano silica particle proportional to Polyvinyl alcohol (PVA)
fiber used for mix ECC range from 0-2% . Normal Portland cement and fly ash were used
in ECC mix. In addition super plasticizer was used to enhance workability. To achieve
toughness of matrix interface, fine aggregate were used. ECC characteristics will be
determine through durability and mechanical properties. Controlling matrix or binder
toughness are important and crucial factor with respect to achieve desires mechanical
performance result. These experiment using nanoparticle provide a detailed description of
the variation of moduli across the matrix or fiber interface and show the correlation

between tensile strength and durability of ECC.



CHAPTER 2: LITERATURE REVIEW

Multiple studies have been conducted regarding Engineered cementitious
composite (ECC) on its durability and resist large tensile with the variable of material
properties that enhance the performance. The studies identified the unique properties of
material use in ECC mix that effect on behavior fiber/matrix interaction and also how self-
healing of ECC is significant importance for durability to overcome crack or damage in
the structure material. However, very few studies such as (Sakulich & Victor, 2011) has
been conducted for nanoparticle which affect the mechanical properties of ECC such
nanoparticle additives can replace normal concrete. The use of nano silica particle have a
potential for development of ECC which effect on durability and strain capacity has not
been illuminate on research studies. Rupasinghe et al. (n.d) said that because of two
primary reasons. The principal reason is because of the lack of understanding of the
physical and chemical properties of ECC and its structure at the nanoparticle mater length
scale. The second reason is the lack of understanding of what nanoparticle effect on ECC.
There is a chance of improving execution of cement utilizing nanoparticle materials,
however further research is obliged so that these imaginative materials will be utilized
basically inside the development part. The vast majority of the work did in this novel
region of examination is still at the preparatory stages, and has numerous issues to be
tended to. Therefore, in order to understand the effect of nano particle, future research
using nano particle using admixture such as silica would be helpful to better understand

the effect of nano silica particle on the ECC.

Engineered cementitious composite (ECC) has been known as one of the unique
properties due to some features such as high in ductility and durability, self-compacting
and high in performance. Thus greatly enhance on this reliability of this material for
further development. According to Ranade et al. (2014) stated that ECC is known as
structural material that has excellent tensile ductility and damage tolerance. This tensile
strain capacity of ECC could be hundred times higher compare with structural concrete.
They also mention that even tensile strain capacity higher than normal concrete but not
effect on compressive strength which is same as high strength concrete (40-70 MPa).

Sahraman et al. (2009) has identified increasing of fine aggregate cause low compressive



strength of ECC after the specimen have been test at 28 days. The properties of material
based on the interaction of mixture with the other additive material so that it can have an
excellent capacity. The influence of nano silica particle in the ECC obtain more
understanding and information of variation matrix interface. Sakulich and Victor (2011)
described that unique properties of ECC can be describe from the nanoscale of material

effect on mechanical properties.

While ECC exhibit good ductile properties which can reduce the structure from
seismic response and damage tolerance. Therefore, in order to understand why ECC have
a good ductility, its draw from the behavior of admixture in ECC. Zhu Yu et al. (2014)
mentioned that to have excellent ductility of concrete is important by controlling matrix
toughness in ECC mix design. From the result, they found that with the high volume of
fly ash in ECC can sustain a long term tensile ductility capabilities. Some of studies
showed that low matrix toughness cause in good strain capacity for interface and fiber
properties. Figure 2.0 show ECC under flexural test having extreme ductility. Be that as
it may, with the changes in instrumentation and breaking down procedures, the
understanding of the major properties of hydrated cement paste has been uncovered.
Taking after is a review of displaying the execution of normal concrete paste and cement,
without any kind of nano materials. Suitable modification should be improved as reflect

the conduct of nano silica particle in concrete (Rupasinghe et al., n.d).
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Figure 2.0 This image shows the extreme flexing capabilities of ECC under a large

bending load. (UM News Services, n.d)



Regarding the ductility of engineered cementitious composite (ECC), several
studies carried out the test to investigate the composition on flexural behavior and also
strain hardening properties. Strain hardening properties depend on the material use in ECC
to achieve high tensile strength and improve the durability than previous design of ECC.
Soe et al. (2013) mentioned that the mechanical properties of ECC relies on the type,
geometry, and volume fraction of constituent with the characteristic of fiber influence the
performance. Zhu et al. (2014) focused on binder such as fly ash. They can concluded that
reduce in compressive strength of ECC because of higher single mineral admixture while
using a multiple mineral admixture can increase the compressive strength of ECC.
Therefore, increase of fly ash in ECC can reduce the compressive strength but its good

for tensile strain and enhance multiple cracking capacity.

Consequently, ECC is a kind cementitious composite recently developed by
researcher characterized by moderate fiber volume fraction and strain- hardening
properties (Fukuyama, 2000). The ultra-ductility conduct of ECC, consolidated with its
adaptable transforming requirement, isotropic properties and moderate fiber volume part,
which is commonly less than 2% relying upon fiber type and characteristic of interface
and matrix, make it particularly suitable for basic components in seismic applications high
performance are needed. The introduction of nanomaterial in concrete mixture promising
by researcher on better mechanical properties. A most common question asked of
engineered cementitious composite on how it can have unique ductile properties by using
same ingredients similar fiber reinforced concrete. The answer lies in the composite
constituent customizing. A fiber has a few characteristic based on length, quality, elastic
modulus, and diameter. Interface has chemical and frictional bond, as well as different
attributes and cementitiuos matrix has fracture toughness which customizing
methodology choose or overall adjust these mechanical parameter that can be guide by
mechanical analysis (Victor & Kanda, n.d). Compare between these two studies,
Fukuyama (2000) most relying on fiber modification while Victor and Kanda (n.d) used

the adjustment method of mechanical parameter in concrete constituent.



The mechanical properties of Engineered Cementitious Composite (ECC) control
by geometry, type, and volume fraction of material use the mixture which influence the
characteristic of fiber thus resulting on mechanical properties performance (Khin et al.,
2013). Another studies by Maheswaran (2012) using nano silica particle observed that the
compressive and tensile increase as increase volume of nano silica particle, which also
show the pozzolanic activity of nano silica particle. On their study also stressed out in
make nano silica particle more permeability resistance than normal concrete by
development on enhance interfacial, capillary absorption and test on chloride ion
However, coarse aggregate are not integrate as this material have a tendency to adversely
influence the unique ductile behavior of the composite . This fundamentally implies that
ECC will bend much the same as a bit of metal under the same anxiety which will result

in normal concrete solid to fail and crack.

The strength of basic concrete, it also need to be considered an ideal of concrete
mixture. This area of study have to be more on fiber/matrix interface such it is importance
of controlling matrix toughness to have excellent ductility of ECC. Sakulich and Victor
(2011) stated that Nano materials possess unique physical and chemical characteristics,
which would improve the structure and would also cause some variations in the
compositions of the currently existed materials. According to the scale variations of the
nano particles applications, and considering the distinctive characteristics of such
materials, it is possible to have some developments in the construction industry, applying
them in cement production or concrete mixtures, which can be raised due to the
mechanical resistance and lifetime of the concrete. The pozzolanic activity of the Nano-
Silica particles is distinctively more than that of the micro-Silica ones due to the
considerably high surface to volume ratio of them (Esmaili & Andalibi, 2012). On the
other hand, research indicate that pozzolonic reaction effect by nanoparticles occupy the
nano size pores of the cement paste which influenced the particle size and the proper
dispersion of the nanoparticles within the cement paste also of early-age interfacial

transition zone improve by adding of nano silica particle (Sobolev et al., 2006)



Esmaili and Andalibi (2012) expanded that the nano silica particles have
discernible impact on change on properties of concrete while a few considered impact of
nano silica particle on cement fusing fly ash observe that performance of concrete with or
without fly ash was fundamentally enhanced with expansion of variable usage of nano
silica. Figure 2.1 show the concrete material with their particle size and specific surface

area.
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Figure 2.1 Particle size and specific surface area related to concrete materials.
(Sobolev, 2006).

They also specified that taking preferences of nano characterization and materials the
ideal utilization of nano silica will make another unique mixture that will bring about
durability while workability of ECC decreased by mix with the amount of nano-silica
reaction with calcium hydroxide cause of hydration between of concrete with water. In
order to understand the fiber/matrix interface, Sakulich (2011) describe that important of
these fiber/matrix interface prescribe behavior of fiber during loading. The focus on their
research were study of silica react with calcium hydroxide which Silica fume is very
sensitive with calcium hydroxide, in light of this, it is conceivable to utilize silica fume as
a swap for a little extent of Portland cement.. One limitation on Esmaili and andalibi
studies is there is no explanation on variation fiber/matrix interface as to evaluate the

performance of mechanical and chemical properties of ECC.



Next, the topic attachment in relation compressive strength as indicated by ECC.
In a research via Esmaili and Andalibi (2012), they recognized that applying Nano silica
particles in cement mixtures can bring about an increment in compressive strength of the
concrete in correlation with that of ordinary concrete. However, it likewise decrease in
water permeability of the concrete. From their investigation, the structure of the concrete
containing nano particles is more uniform than that of the ordinary concrete which
specified the joined application of Micro-Silica and Nano-Silica would prompt a higher
compressive quality among all examples. This can be identified with diverse part playing
of them in cement blends. These particles well work as filler prompting less pores in
concrete glue to be involved by calcium silicate production. Sayed et al. (2013) conducted
experiment on compressive strength of adding nano silica on ECC Results showed that
the optimum percentage adding nano-silica as a replacement of cement improves
compressive strength by at 28 days. This result due to the increasing of the bond strength

of cement paste-fine aggregate interface by means of the filling.

Somehow, Zhu et al. (2014) acknowledge that as single mineral admixture content
increase, the compressive strength getting lower especially with the high volume of fly
ash. Sayed et al. (2013) conducted experiment on compressive strength using nano silica
particle ECC. Results demonstrated that the ideal rate including nano silica particle as a
substitution of bond enhances compressive strength at 28 days. This result because of
enhance in bond strength between the cement paste and fine aggregates interface which
fill all the void. As talked about prior, exploratory examinations have confirmed that Nano
silica enhances the mechanical and toughness parts of cement. In any case, when
considering studies on analytical modelling of ECC changed with nano materials, a huge
research gap exists. In this way, work completed on modelling the performance of nano

altered ECC is limited (Rupasinghe et al., n.d)

Because of ECC is different from conventional concrete, the water cementitios
ratio is a more important parameter. In standard ECC, mix design a low water cementitous
ratio has determined through micromechanics to satisfy proper interface properties.

Increasing water cementitious ratios can reduce its concentration resulting relative loose



microstructure and therefore interfacial bon. This weak interface bonding can potentially
generate lower fiber-bridging stress, which can results in low ultimate tensile strength and
tensile strain capacity. Water cementitious also influence strain capacity. A high w/cm
ratio can substantially decrease the plastic viscosity of ECC mortar and may result in poor
fiber distribution and low ultimate tensile strength and tensile strain capacity (Sahmaran,
et al., 2009). Cementitious materials (e.g., concrete) typically behave as brittle materials
with low tensile strength and are prone to cracking. Incorporation of fibers into
cementitious materials is a common practice to increase tensile strength and ductility and
improve durability. The interfacial interactions between cement hydrates produce high
bond strength (Birgisson, 2012). Esmaili and andalibi (2012) understand that thorough
nano pozzolonic movement impact on nano silica particle on few day in the after mixing.
On their study, they identify issue in utilizing low water to cement ratio (w/c). According
to the serious reactivity of Nano-Silica and its high unique surface, utilizing lower w/c
ratio can prompt conflict in scattering of the Nano silica particles in overall sample surface
and more structuring of the flocs by clustering the nano silica particles in a particular parts
of the cement.

Figure 2.2 Compatibility deformation between steel reinforced concrete (left) and

ECC with steel reinforcement (right) after cyclic loading (Victor., 2000)
Through the direct tensile test, ECC were subjected to stress caused a formation

of micro cracks for physical reaction on tensile strain. Micro crack is a major problem to

any structural material effect on durability and strength of ECC. Figure 2.2 show

10



difference crack formation with different material use. Zhang et al. (2014) has deliberate
concrete infrastructure under shrinkage, creep, high temperature cause crack to the
structure. So, this crack the mechanical properties and caused a risk to infrastructure as
crack will allow the aggressive agent will through concrete cover direct impact on
durability and performance of concrete. A studies conducted by Sudharshan et al. (n.d)
observed that that the amount of fiber and the type of fiber utilized in a the concrete
mixture does not essentially influence the cracking load however has an impact on the
rate of crack propagation on their failure loads, and the failure loads were more than
double the cracking loads. Compare with all the various researchers with all the studies
on properties not straightforward dealt with concrete cracking while the entire attempt
made indirectly toward that. An alternate option for repaired crack and damage by
repairing. A structure must require repairing or self-healing material. Self-healing
behavior is another features ECC as presence of crack to structure reduce mechanical
properties and bring a risk to structure of material. Autogenous self-healing of concrete is
another alternative solution to repair damage or crack in concrete which much economical
and convenient rather using chemical encapsulation. Zhu et al. (2012) have identified that
ECC is capable for self-healing because of unique properties which low water-binder ratio
produce micro-reservoir of unhydrated cement particle are widely dispersed. In order to
reduce environmental impact by using waste material constituent in ECC also associated
with sustainability consideration in construction and building material. In fact, cement
industry produce 5% of global carbon dioxide which mean a single industry account
(Rubenstein, 2012). Fly ash used for ECC mix in order to reduce the usage of cement.
Huang et al. (2013) have conducted a series of test to evaluate tensile performance. The
result showed increase of fly ash in ECC cause high tensile ductility due to the fact high

frictional bond interface between polyvinyl alcohol fiber and matrix.

In addition, fly ash is an element which can enhance for long term development in
concrete as its pozzolanic properties (Zhang et al., 2014). From their research also found
that the capabilities of fly ash with higher content can enhance self-healing of ECC as
pozzolonic properties and synergistic effect of tighter crack width. Nano silica particle

with respect to its component in cement microstructure which prompts more compact

11



concrete by filling the current voids, has a wonderful impact in reducing the water
absorption like a super pozzolan (Bahadori, & Hosseini, 2011) .Nano silica is a pozzolanic
material. The pozzolanic response with the mixture can enhance the strength of concrete
more than the other non-pozzolanic nano materials talked about. Then again, Silica fume,
which is an alternate manifestation of silica, is utilized as a part of the development
business everywhere scales for the creation of elite solid at present. As nano silica likewise
has a place with the same material and has a closeness with silica fume seethe, the useful
relevance of utilizing nano silica as a part of the construction material use on the future is

far higher than for other nano materials (Rupasinghe et al., n.d).

Finally, in measuring durability of ECC, water absorption test is one of the most
important test which test conduct by examine total amount of water absorption in a
concrete for durability. A study by Bahadori and Hosseini (2011) describe that water
absorption is a methodology in which water enters into the concrete voids and immerses
the grid pores. Which demonstrates the consequences of water absorption test, in one
arrangement the measure of water absorption is decrease with an increment in the amount
of nano silica particles. As to truth that, the concrete paste is the most porous part of
concrete, the water absorption will increment with expansion in volume of paste in a fixed
amount of concrete. Then again, increasing volume of aggregate as a porous constituent
with low amount of water absorption can be compelling on concrete water absorption.
The better execution of transmission zone is additionally a standout amongst the most
noteworthy reasons in better permeability of concrete while reducing volume of aggregate
and increment in concrete paste volume which incorporate small changes, are components
helping increment of water absorption. While based on research water absorption test
conducted by Zhang et al. (2014) examined that with a certain degree, the condition of
material micro structure affect by volume of vulnerable pores even it can been seen
through methodology of curing which volume of vulnerable pore diminish. It imply that
hydration proceed with happen when water curing is present. Previous studies on
conducting experiment using nano silica particle. Esmaili and Andalibi (2012) found that
to applying nano silica particles in cement mixture supposedly decrease in water

permeability of the concrete.
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CHAPTER 3: RESEARCH METHODOLOGY & PROJECT ACTIVITIES

The early stage of this study needed to preparation on mixture of ECC sample. After 28 days

curing period, the sample will test on durability and mechanical. Following given Figure 3.1

detail of project activities of this studies.

ECC MIX

v

!

'

v

Superplas
ticizer

Flexural Test

v
i Polyvinyl Alcohol i
Nano Silica Ordinary Fly Ash yviny Fine Aggregate
Portland
cement
v
v l
Durability Test Mechanical Test
v !
v h 4 Compressive Test
Chloride lon MIP Test
Penetration
Test
A\ 4 \ 4 \ 4 A\ 4
\4
RESULT
ANALYSIS
1

Figure 3.1 Research methodology
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3.3. PERFORM LITERATURE STUDY AND PRELIMINARY RESEARCH

In this part of the studies, the purpose is to get more knowledge and stronger fundamental
related to the engineered cementitious composite (ECC) using nano silica particle. Several
theories need to be understood clearly in order to ensure that the project can be done
smoothly and achieving the target. The studies include reviewing on mechanical and
chemical properties of ECC, identifying problem relation between the binder and matrix
interface and also compare the performance of ECC between binder and additive on
mixture. Numbers of sources including internet, books, past thesis are very useful in the

way to find out the solution of the problems

3.4 MATERIALS

3.4.1 Cement

Ordinary Portland cement (OPC) of 43 grade having a specific surface of 412.92 m2/kg
and conforming to Malaysian Standard MS 522 : Part 1: 1989 Specifications for Ordinary
Portland Cement was used. The cement was kept in an airtight container and stored in the
humidity-controlled room to prevent cement from being exposed to moisture. Malaysian
Standard MS 522: Part 1: 1989 Specifications for Ordinary Portland cement. Chemical
composition in ordinary Portland cement consists calcium silicates , aluminum,

magnesium and iron containing at clinker phases.

3.4.2 Fly Ash

Characteristic of sieve analysis of well graded curve, with between from fine silt to fine
sand sizes, within the range of 0.001mm and 0.6mm. Specific gravity of fly ash found to
be 2.3 and 1.99 respectively. Density of this material from less than 1Mg/m. chemical
composition in a fly ash is a heterogeneous material. The main chemical component are
Si02, AlxO3, Fe203 and occasionally CaO
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3.4.3 Polyvinyl Alcohol (PVA) Fiber

The PVA fibers are made with a high tensile strength with maximum elongation and
elastic modulus makes this material applicable for strain-hardening performance.
Nominal strength for PVA fiber were 1620 MPa with young modulus of 42.8 GPa.
Diameter of this material should be 39 micron and length of 12 mm. while the specific
gravity were 1.30. Polyvinyl alcohol produce made from polymerization of vinyl acetate
to poly vinyl acetate which a simple chemical structure of hydroxyl group.

3.4.4 Nano silica particle

This material is an important for this studies as main material in mix. Due to fact that
chemical reaction between cement and silica create pozzolonic activity with consideration
on surface activity. Nano silica particle used in this study have a diameter of particle were

19nm with density of 2.12 g/cm®. Specific surface for this particle were 160 m?/g.

3.4.5 Fine aggregate (sand)

The sand used in this study was natural sand or river sand which use in commercial
available. specific gravity of this material is 2.68 with fineness modulus of 3.42. This
material is dried at room temperature for 24 hours to control the water content in the
concrete. Fine Aggregates should passing No.4 (4.75 mm) sieve and predominately
retained on the No. 200 (75 um) sieve according to BS 882: 1992

3.4.6 Water
In this study, normal tap water available in the concrete laboratory was used. Water

conforming to the requirements of water for concreting and curing

3.4.7 Super Plasticizer

Super plasticizer Conplast SP430A1 based on comercial available produced in Bangalore
was used to produce high workability in concrete and reduce the water cement ratio. The
Specific gravity of the Conplast SP430A1 is 1.18 to 1.20 at 20 C.
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3.5 MIX DESIGN AND PREPARATION OF SPECIMEN

The proportion of mixture summarize in the Table 1. Polyvinyl alcohol (PVA) fiber
replacement ratio 0.5% by mass of total binder (OPC+FA). The use of Nano silica particle
in the material also using the same replacement ratio as PVA fiber. Superplasticizer is
added to achieve expected workability for ECC mixture.

Table 1: Mix proportion

Sample no. | g 4 OPC Water EA PVA | NanoSilica Sp
kg/m® | kg/m® | kg/m® | kg/m? % % kg/m3
M1 467 583 187 700 0% 0% 4.5
M2 467 583 187 700 0.5% 0% 4.5
M3 467 583 187 700 1.0% 0% 4.5
M4 467 583 187 700 1.5% 0% 4.5
M5 467 583 187 700 2.0% 0% 4.5
M6 467 583 187 700 0% 1.0% 4.5
M7 467 583 187 700 0.5% 1.0% 4.5
M8 467 583 187 700 1.0% 1.0% 4.5
M9 467 583 187 700 1.5% 1.0% 4.5
M10 467 583 187 700 2.0% 1.0% 4.5
M1l 467 583 187 700 0% 2.0% 4.5
M12 467 583 187 700 0.5% 2.0% 4.5
M13 467 583 187 700 1.0% 2.0% 4.5
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Continue table 1,

M14 467 583 187 700 1.5% 2.0% 4.5
M15 467 583 187 700 2.0% 2.0% 4.5
M16 467 583 187 700 0% 3.0% 4.5
M17 467 583 187 700 0.5% 3.0% 4.5
M18 467 583 187 700 1.0% 3.0% 4.5
M19 467 583 187 700 1.5% 3.0% 4.5
M20 467 583 187 700 2.0% 3.0% 4.5

Twenty mold of every ECC sample were prepared in this study. It is fundamental for the
mixture to disperse all the constituent of the fiber in the matrix. For the method of
preparation, it is proposed to dry mix of solid material for 1-2 min. Then, it essential to
add 10% of water and plasticizer proceeded for 2 min. all remaining fiber and water was
added physically and progressively to guarantee rational dispersion of matrix. After that,
to ensure mixture were expected mix perfectly with binder ensured 5-10 min proceeded

mixes completely.
3.6 WORKABILITY TEST

Workability is one of physical parameter for fresh concrete perfectly mix. It is useful
indicator to determine the amount of internal work needed without bleeding or
segregation. It is important to conduct this test because very significant effect on strength
of concrete due to presence of void. However, ECC unlike normal concrete which has
properties of self-compacting So, ECC must have require sufficient workability to achieve
a possible density in order to achieve a good result on durability aspect and mechanical
performance of ECC . Figure 3.2 show test for determining workability by using slump

test
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Figure 3.2 Slump Test image retrieved from (mastour.com, n.d )

Procedure of slump test based on BS 1881: Part 102, testing for fresh concrete:

1.

Sample collect to perform slump test. The cone and plate should be clean, firm
and level as show in Figure 3.2

The sample were fill in the cone with 1/3 of volume cone. Then, compact with
steel rod for 25 times. After it compact, fill sample were fill until top of cone until
it overflow with rod 25 times.

Level off the surface with steel rod and the cone lift carefully

Place cone upside down with the road across on sample.

The average distance from top of sample to the height of taken were measure show
in Figure 3.3 and 3.4. The sample were rejected if fail in range based on Table 2

Table 2: Workability Test

Test Accordance Range of values

Min Max
Slump-flow by EN 12350-8:2010 650 800
Abrams Cone
T50cm slump flow | EN 12350-8:2010 2 seconds 5 seconds
V funnel EN 12350-9:2010 6 seconds 12 seconds
L box EN 12350-10:2010 0.8 (h2/h1) 1 (h2/h1)
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Figure 3.3 Sample flow measurement Figﬁre 3.4 Sample Flow

3.7 DURABILITY TEST

The durability of concrete is important to determine the ability of the concrete prevent
from potentially aggressive substances passing through or penetrate in capillary of
concrete. Every material have their own ability to resist from nature or chemical attack to
the structure study through durability. Based on durability consideration behind why

testing of parameter like chloride ion penetration and mercury porosity intrusion test.

For the durability test, the mold use for this test is available on laboratory which is steel
mold in cylinder shape with radius of 100mm and height of 200mm. The mold were
applied with oil before sample placed. The test were carried out with 25 of sample and
each proportion need to test 2 sample. This sample were used for chloride ion penetration
and mercury porosity intrusion test. Detail of dimension mold are provided in Figure 3.5
below

Figure 3.5 Cylinder mold
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3.7 CHLORIDE ION PENETRATION TEST

The Chloride ion penetration were based on ASTM C 1202 for determining chloride
penetrate through the sample. Hameed et al (n.d) mentioned that a permeable concrete is
more vulnerable to particle entrance as aware of that are affected chemical attack such as
leaching and sulphate attack. In the event that legitimately cured, most concrete get to be
essentially less penetrable with time. On their studies, they also stated that it is essential
to determine the age at which the penetrability is measured. There is no generally
acknowledged standard test strategy for measuring the pervasion properties of cement.
The RCPT system also known as Rapid Chloride Permeability test is the quickest method
for those specified and is regularly utilized for determination and quality control purposes.
The apparatus shown in the Figure 3.6 use to determine the chloride ion charge passing

through concrete.

Figure 3.6 RCPI Machine

The methodology of this test method for measuring the resistance of ECC sample to
chloride particle entrance has no interrupt to any error on the value that the estimation of

this resistance can be characterized just as far as a test technique.
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The method depends on the results from a test in which electrical current passes through
ECC sample with a period of a six-hour. The details of positive charge ion passing
through concrete as shown in Figure 3.7.

Silicon rubber

(-)
to the testing
machine

5 min. epoxy

Concrete s
Specimen @\
0.3 N NaOH Thermal
= ey Couple
A 3.0% NacCl
w2z
4

Banana

post Steel Rod

I.#:|
to the testing
machine

Screw nut

Figure 3.7 RCPI Method (Chandramaouli, 2010)

Based on theories, the higher the coulombs which the charge passing through the ECC
sample, the more permeable the concrete which mean that sample were easily attack by
sulphate or some other chemical. Chloride test has shown good correlation with this test
as trapezoidal rule need to apply for calculate the average current flowing through one
cell. From the result obtained, charge passing in coulombs can convert into chloride

permeability rating as shown in Table 3.
The following formula, based on the trapezoidal rule,
Q =900(10+2130+2160+2190+21120+...+21300+21330+1360)
Where,
Q = current flowing through one cell (coulombs)
10 = Current reading in amperes immediately after voltage is applied, and

It = Current reading in amperes at t minutes after voltage is applied
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Table 3: Chloride Rating (Chandramaouli, 2010)

Charge passing in coulombs

Chloride permeability rating

Greater than 4000

High

2001 to 4000 Moderate
1001 to 2000 low

100 to 1000 Very low

Less than 100 Negligible

3.8 MERCURY INTRUSION POROSIMETRY (MIP) TEST

A studies conducted by Kumar and Bhattacharjee (1997) examine that with the change
degree of hydration and chemical reaction in mixture of sample due to aggressive
environment can relate pore system. The strength of ECC affect due to existence of pore
structure rely on size distribution. In the other hand, they also mentioned that Mercury
intrusion Porosimetry (MIP) is a mechanism to analyze the characteristic of pore system
based on porosity and pore size distribution. Hence, with the information data base on
the MIP, ECC specimen were possible to examine on their performance. Figure 3.8 show
example of the intrusion of mercury by mechanically applied forced into structure with
Analysis is the progressive intrusion of mercury into a pore structure of concrete specimen

under condition controlled pressures.

Mercury in equilibriom with and entering
an opening under increasing forces

Figure 3.8 Intrusion of mercury retrieved from (www.micromeritics.com n,d)

Mechamnecaily Appasa Folrces
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Porosity, which is a measure of level of permeability of materials is characterized as the
proportion of volume of pores to that of the total volume of material. Pore size distribution
also known as radius of pore and the correlation between cumulative pore volume
represented as pore structure of material The pore structure in ECC specimen were
compare with each other to analyze the result through behavior of specimen under MIP
test. Pore size distribution also known as radius of pore and the correlation between

cumulative pore volumes represented as pore structure of material.

Based on the pressure versus intrusion data which provide volume and size distributions
using the Washburn equation. Pore. The governing equation for Mercury intrusion
Porosimetry (MIP) analysis to obtain pore size distribution is shown in Equation 1

—4y cos O
d 14

= T, (1)

d, =the pore diameter (um)
y = the surface tension of mercury

6 = the contact angle and

p = the external pressure.

The volume of pore in corresponding size known by calculating the data volume of
mercury that intrudes into the ECC sample with each pressure change. Figure 3.9 shows

a mercury intrusion porosimeter.

Figure 3.9 MIP Machine retrieved from (www.cyto.purdue.edu , n.d)
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3.9 FLEXURAL TEST

Beam sample size 25mm x 50mm x 508mm. Universal testing machine use for flexural
strength test according to BS1881-118. Beam sample were casting in a molded made by
wood and plastic based on given specification size as shown in Figure 3.10. Then curing
period takes place. The flexural were performed on the sample at the ages of on 28 days.
For each mix proportion, 3 similar sample were prepared with the same mixture. The

flexural strength test is an important to determine strength development for this studies.

Figure 3.10 Flexural formwork

125 mm

A
v

+—>
508 mm 50 mm
Figure 3.11 Beam mold

The universal testing machine by using simply supported system as shown in figure
above to use to determine the flexural strength of sample. The load was applied through
under controlled condition until the beam crack or unable to sustain load. Figure 3.11
show the dimension of mold use for flexural test.
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A pair of supporting roller on bottom while on top of beam were placed loading roller to

spread load across the sample as shown in Figure 3.12

P
Test specimen & Loading

/rollars
20x2x1Inch ( b
bR RS -

9)
\ d 1 L [ d \“\&Jpx}ortir‘g
3 7| ,]" 1 - rollers

Figure 3.12 Flexural (Four Point Load) Test
The flexural strength was then calculated using the equation 2 below:

Where,

PL

f=1= )

P = breaking load (in N); d1 and d2 = lateral dimensions of the cross sections (in mm)

| = distance between the supporting rollers (in mm)
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4.0 COMPRESSIVE TEST

Sample size for compressive test is 50mmx50mmx50mm. Figure 3.13 show sample mold
for compressive test. Universal testing machine use for this test according to ASTM C39
for sampling and testing unit. The compressive strength of all ECC mixture (20 samples)
are determined after curing period. Each mixture consist of three sample and result will
analyze based on average of this three sample the sample are marked according to sample
mixture. The sample are placed in curing tank as shown in Figure 3.14 for 28 days to
cured as standard condition

Figure 3.14 Curing tank
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CHAPTER 4: RESULTS AND DISCUSSIONS

4.1 CHLORIDE PERMEABILITY

The test performed according to AASHTO T277 and ASTM C1202. The sample cylinder
with a 100 mm diameter were cut by concrete cutter into 50 mm (2 in.) described in
standard size in order to performed this test. After that, epoxy were coated on side of the
cylindrical specimen sample until epoxy was dried. Then, the specimen were placed in a
vacuum chamber for 3 hours and 1 hour for vacuum saturated as shown in Figure 4.0

below and specimen allowed to soak for 18 hour.

i T

Figure 4.0 Vacuum pump, desiccator and sample core

It is then placed in the test device using acrylic silicone function to make bond between
the specimen and device and also to prevent solution from leakage. The left-hand side or
red wire connect between device and test cell of the test cell is filled with a 3% NaCl
solution. The right-hand side or black wire connected to the test cell is filled with 0.3N
NaOH solution. A 60-volt potential is applied for 6 hours to measure the reading for every
30 minutes. The sample were removed after 6 hours and amount of coulomb at the end of
6 hours used to determine the chloride ion penetration. Figure 4.1 show the preparation

for chloride ion penetration test
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Figure 4.1 RCPI Test Setup

The current passed was measured after 6 hour for each sample and readings in Coulombs
were tabulated as shown in Table 4. The comparative study for different mix, inclusion of

fiber, and nano silica particle after curing period are shown graphically in Figure 4.2.

Table 4: Charge Passed

Chloride
N Charge passed N
Nano silica permeability as
Polyvinyl alcohol (coulomb) at 28
sample (PVA) fiber (%) (%) days per ASTM C
1202 at 28 days
M1 0 0 1510 Low
M2 0.5 0 1710 Low
M3 1.0 0 2448 Moderate
M4 15 0 2558 Moderate
M5 2.0 0 2770 Moderate
M6 0 1 1302 Low
M7 0.5 1 1498 Low
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Continue table 4,

M8 1.0 1 1662 Low
M9 1.5 1 2304 Low
M10 2.0 1 2618 Moderate
M11 0 2 1216 Low
M12 0.5 2 1398 Low
M13 1.0 2 1550 Low
M14 15 2 1804 Low
M15 2.0 2 2242 Moderate
M16 0 3 1065 Low
M17 0.5 3 1175 Low
M18 1.0 3 1480 Low
M19 1.5 3 1768 Low
M20 2.0 3 1939 Low

From the table above chloride permeability of all sample show the result charge passed
and the permeability of chloride into ECC. From Table 5 showed that relation between
value of charge passed and permeability of chloride from low to high. Each sample have
different PV A content from 0-2% and nano silica particle varies from 0-3% show different
value of charge passed. Based on table, sample M5, M10, M15, and M20 with highest
content of polyvinyl alcohol (PVA) fiber show the highest charge passed value compared
to other sample have lower content of PVA fiber. From the table based on ECC without
nano silica particle, ECC marked M1, M2, M3, M4 and M5 has different of PVA fiber

volume.
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However, the charge passed of M5 specimen is much higher compare to M1, M2, M3,
and M4. It can been seen that the number of coulomb increase with the volume of PVA
fiber added on ECC mix. As expected, higher PVVA fiber content make ECC more porous
which provide more charge passed through the sample

Rapid Chloride lon Penetration

4000 Moderate
3500
i) 3000
£
=
a 2500
K
©
3 2000 Low
@
o
g 1500
O
S
1000 very Low
500
0
0% 1% 2% 3%
B 0% of PVA fiber 1510 1302 1216 1065
B 0.5% PVA fiber 1710 1498 1398 1175
1.0% of PVA fiber 2448 1662 1550 1480
H 1.5% of PVA fiber 2558 2304 1804 1768
B 2% of PVA fiber 2770 2618 2242 1939

Figure 4.2 Chloride permeability

Figure 4.2 show relation between the nano silica particle and charge passed based on 1%,
2% and 3% of nano silica particle content in engineered cementitious composite (ECC).
It can be seen that charge passed decrease as nano silica particle content increase which
can be compared through the mixture M5 with 1% of nano silica content has low chloride
permeability while M20 with 3% of nano silica content is very low chloride permeability.
Similarly, the result from all sample with 3% of nano silica content has very low chloride

permeability while other sample has low chloride permeability.
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From Table 4 summarize the chloride permeability based on charge passed from moderate
to very low of permeability based on ASTM C1202 by compared the value in chart table
4. This low value of chloride ion penetrability of engineered cementitous composite
(ECC) was expected because of the porous nature of ECC. The chloride resistance of
concrete are based on the criteria of pore size, pore distribution and interconnectivity of
pore system which effect on porosity of concrete It were found engineered cementitous
composite (ECC) containing nano silica particle reduce the chloride permeability by
increasing the percentage of nano silica in ECC mixture. The increasing of nano silica
particle may increase the pozzolonic reaction contribute to fill the void and pore in cement
matrix. The use of nano silica particle improved the durability from the pozzolonic
activity. The reaction between nano silica particle and calcium hydroxide (CH) produce
calcium-silicate-hydrate (C-S-H) gel reduce the pore volume which it fill internal

capillary pore makes ECC more compact, dense and uniform structure.

4.2 MERCURY INTRUSION POROSIMETRY (MIP) TEST

The test conducting 28 days after curing. This test used to measure the porosity and pore
size distribution. The sample are prepare by measure the density and mass for every

each as shown in Table 5.

Table 5: Accessible Porosity

Nano Silica (%) Mix ID Accessible Porosity (%)
M1 3.71
M2 4.42
0 M3 4.42
M4 4.7
M5 5.5
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Continue table 5,

Accessible Porosity (%)

S

w

N

M6 3
M7 3.41
1 M8 3.48
M9 3.93
M10 4.74
M1l 2.24
M12 2.92
2 M13 3.92
M14 4.14
M15 4.71
2%PVA
1.5%P 2%PVA 2%PVA
0.5%pPVAPY o
1.5%P 1%PVA
0%PV
0.5%PYAPV
0%PV. 0.5%P
I -/.pVI

0%NanoSilica 1%NanoSilica 2%NanoSilica

Figure 4.3. Accessible porosity
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Figure 4.3 represent the accessible porosity for ECC containing nano silica range from 0-
1.5%. The sample were collected based on 15 sample. The accessible porosity is defined
as percentage of pore compare to volume of sample, which is contributing the durability
of sample due to porous. The accessible porosity for each sample difference as the sample

have different mix proportion.

After water—curing for 28 days, the specimen were weighted and density for each sample
were taken before tested. From the Figure 4.3, the accessible porosity for M5 larger than
M1, M2, M3, M4, suggesting poor durability aspect for M5. The influence of PVA fiber
in ECC makes more porous. Therefore, increasing PVA fiber content in ECC increase the
accessible porosity. The volume of penetrable pore in ECC increase as PVA fiber
increase. However, it can observed that accessible porosity reduce with the increasing of
Nano silica content. It can explained by that the increasing of Nano silica change ECC
porosity. Regardless to PVA fiber. For example compare to M1, the accessible porosity
of M6, and M11, increase 0.71% and 0.79% respectively. From 0%-3% of Nano silica
content, the lowest accessible porosity is ECC with 3% of Nano silica content. The test
have been confirm from chloride ion penetration which on nano silica contribute to
pozzolonic reaction create C-S-H gel make structure of ECC denser and compact. This
is confirmed by Said, Zeidan, Bassuoni and Tian (2012), with the addition of Nano Silica
improve the mechanism that contribute the durability of concrete. The following show

reaction which produce C-S-H gel.
2C3S + 11H,0 — C-S-H + 3Ca(OH)2
2C3S + 9H20 — C-S-H + Ca(OH)2
2Si0; + 3Ca (OH) 2 — 3Ca0. 2Si0z. H20

Based on following reaction compare with the result. It was observed that the efficiency
of nano silica particle increase the amount of C-S-H gel due to ultra-finer particle size
create a large surface for reaction. C-S-H gel has the important characteristic to expand
outward into the porosity intend to reduce from chemical attack. This gel fill internal

capillary pore make structure more compact and dense.
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4.2 FLEXURAL STRENGTH

The beam specimen was performed by four point bending test to determine the flexural
properties of engineered cementitous composite (ECC) containing nano silica particle
based on standard ASTM C78 using universal Testing Machine (UTM) performed after
curing period. To study the behavior of ECC, the beam specimen size 20 inch x 1 inch x
2 inch were placed by linear variable differential transformer (LVVDT) at mid span of the
beam. While strain gauge also locate below the mid span was glued to the surface with
connecting wire to data logger to develop stress versus strain graph. As trial test been done
show a significant with under control of load and displacement. The specimen used
convenient set up and a loading rate 0.1 mm/min used for this test. The specimen setup

shown in Figure 4.4.

TR TTTH

Figure 4.4. Flexural Test setup

34



Table 6: Flexural Strength and strain at first crack

Nano Silica (%) Mix 1D Flexural strength at first Flexural strain at 80%
crack (MPa) first crack (um/m)
M1 4.60
7.7
M2 4.13 85.4
0 M3 4.10 08
M4 3.61 98.7
M5 3.00 112
M6 5.45
100.8
M7 5.10 104.3
1 M8 4.22 115.5
M9 4.70 143.5
M10 4.50 1295
M11 5.56
110.6
M12 5.34 116.2
2 M13 4.02 108.5
M14 4.47 1435
M15 4.22
154
M16 6.14
123.2
M17 5.64 140
M18 4.74 154
M19 4.10 167.3
M20 5.20 175.7

35




Flexural Stress (MPa)

Flexural Stress (MPa)
[N N w IS w <)} ~

o

0 % of PVA fiber

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Deflection (mm)

Figure 4.5. Deflection graph Al
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Figure 4.6. Deflection graph A2
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Figure 4.8. Deflection graph A4

37



2.0% of PVA fiber
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Figure 4.9. Deflection graph A5

Table 6 show the test result of flexural strength and deflection at peak stress. Each result
is the average of three specimen by the same set up with loading rate at 0.1mm/sec. As
seen in a table with severe bending load, all sample deform similarly ductility in form of
plastic deformation. The average flexural strength from 3 to 6 MPa. The test result and
calculation taken from four point bending test. The flexural strength depend on two
variable of PVA fiber content and Nano silica content. From the table above, the flexural
strength reduce as content of PVA fiber increase. For example, compare with the same
content of nano silica but different of PVA content in ECC which M1, the flexural strength
of M2, M3, M4 and M5 reduce 10%, 10%, 21% and 34% respectively. However,
specimen without PVA fiber have more flexural strength compare to other specimen.
While sample M5, M10, M15 and M20 with 2% of PVA fiber have lowest flexural
strength compare to other specimen. Based on all specimen, Increasing of nano silica
content improve the flexural strength. For example, compare to M1, the flexural strength
of M6, M1, and M16 increase 15%, 17% and 25 % respectively. This confirms previous

literatures that the addition of Nano Silica will improve the flexural strength of ECC.
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Figure 4.5, 4.6, 4.7, 4.8 and 4.9 show all specimen under bending load deforms as plastic
deformation. The load-deflection curve obtain from the specimen show the relation
between the stiffness and the content of nano silica particle. The different in mix
proportion lead to the difference fiber distribution which the main factor for ductility of
ECC. It can be easily noted that ECC with 0-0.5% of PVA fiber failure at first crack.
While ECC with 1-2% of PVA fiber show greatly improved in bending performance.
J.zhang and x.ju (2014) stated that the increase in bending performance based on load
carrying capacity and ductility with the increase of PVA fiber content. Another factor that
contribution to load carrying capacity of ECC is due to nano silica content. In other hand,
improvement of transition zone due to pozzolanic activity increase the load carrying
capacity proportional to deflection described the enhancement of strength by nano silica
particle. From the figure, the load-deflection curve obtain from the specimen show the

relation between the stiffness and the content of nano silica particle.

Based on flexural test performance, pozzolanic reaction play important role to strengthen
the ECC. The ability of calcium silicate hydrate(c-s-h) gel a product from pozzolanic
reaction give positive affect to structural characteristic and mechanical performance of
ECC. it should be mentioned that although all specimen were test from scope of study
from 0-3% nano silica content show trend increasing in flexural performance, it should be
consider examine the optimum use of nano silica in ECC. however, based on the test result
show the largest value (6.14 Mpa) of flexural strength at first crack obtain from M16 with
3% of nano silica content and 0% of PVA fiber. From Figure 4.10, the crack can be
observe from the sample under loading. Several crack appear below surface of the
specimen when load applied to the specimen. The properties of ECC were determined that
it can still carrying load even under deflection or crack appear. The first crack start from
the mid span as increase of flexural stress. Increase in crack width from small spacing
crack until specimen failure. According to K.T soe et al, ECC material has a first crack
strength between 4-7Mpa. Based on test result, all specimen exhibit the flexural behavior
ECC. Figure 4.11 show the crack of ECC specimen at the mid span result in bending
failure depend on fiber bridging strength.
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Figure 4.10. ECC specimen under loading Figure 4.11 Mid-span crack

Figure 4.12 Small crack on specific time Figure 4.13. Large Crack on specific

time
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4.3 COMPRESSIVE STRENGTH

Table 7 present the average of the compressive strength as determined from 3 cubic
specimen show in Figure 4.15 after curing period using standard procedure described in
ASTM C140 using compression testing machine show in Figure 4.14. Based on result of
compressive test as expected, increasing of nano silica particle increase the compressive
strength of ECC. However, increasing of PVA fiber reduce the compressive strength of
ECC.

® | INSTRUMINT|
AFBU | SR |
— |

Figure 4.15. Sample for compression test
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Table 7: Compressive Strength Result

Nano Silica (%) Mix ID Compressive strength (MPa)
M1 65
M2 73
0 M3 78
M4 82
M5 98
M6 68
M7 78
1 M8 79
M9 84
M10 100
M11 7
M12 80
2 M13 85
M14 93
M15 102
M16 90
M17 93
3 M18 95
M19 97
M20 101
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The average of compressive strength from 65 to 102 MPa. According to M. Sahraman et
al. (2009) mentioned that compressive strength for more than 40 MPa were enough to
use in structural application to support loading. The compressive strength depend on two
variable of PVA fiber content and nano silica content. Regardless to PVA fiber. The table
show trend increasing of compressive strength from 0-3% nano silica content. For
example compare to M1, the compressive strength of M6, M11, and M16 increase 4%,
18% and 22% respectively. In spite of fact the increasing of nano silica particle main
contribution for pozzolanic reaction on which make the specimen more compact and
dense compare to normal ECC, the compressive strength of ECC containing nano silica
particle is expected to produce higher strength. As the specimen involving with nano
silica particle improve on interfacial transition zone, and enhanced hydration. However,
increasing of nano silica content increase rate for drying shrinkage. The reason using of
superplasticizer to avoid particle segregation due increasing of nano silica without
effecting workability but enhance the high strength of ECC and lower permeability.
Sayed et al. (2013) conducted experiment on compressive strength of adding nano silica
on ECC Results showed that the optimum percentage adding nano-silica as a replacement
of cement improves compressive strength by at 28 days. This result due to the increasing
of the bond strength of cement paste-fine aggregate interface by means of the filling.

Figure 4.16 show the crack of sample after being subjected compressive test

Figure 4.16. Compressive test sample failure
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Figure 4.17 show the result of compressive strength of ECC mixture from 0-3% nano
silica content. It can be observed that ECC with 3% of nano silica content was the higher
strength for compressive strength. . However when tested under the same nano silica
content but different PVA fiber content, the strength of concrete was not very significant
compare to other sample. Based on the result, the influence of nano silica with different
content examine that addition of nano silica primarily increase the mechanical properties
of ECC. Such Increasing of strength caused by dense and compact of structure
accumulated by pozzolanic reaction. This improvement due to nano size of silica wth high
reactivity produce C-S-H gel which fill the internal pore and create a strong bond on

matrix.

B 0% of NanoSilica ® 1% of NanoSilica ® 2% of NanoSilica 3% of NanoSilica

0%PVA 0.5%PVA 1.0%PVA 1.5%PVA 2.0%PVA

120

100

8

o

Compressive Strength (MPa)
Iy D
o o

2

o

o

Figure 4.17. Compressive strength chart
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CHAPTER 5: CONCLUSION

Engineered cementitous composite (ECC) exhibit excellent properties in
durability and ductility was developed to utilize the problem with structure element. On
this studies, the use on nano silica particle apply to ECC with the PVA fiber
reinforced.Durability and mechanical properties of ECC containing nano silica particle
were determined through rapid chloride ion penetration, flexural, and compressive test
with 20 sample range 0-3% of nano silica content and 0-2% of PVA fiber added in
mixture. From durability aspect through rapid chloride ion penetration test, ECC with 3%
of nano silica content exhibit very low chloride permeability with 20% reduce the chloride
penetration. The test result indicate that increasing of nano silica content in ECC reduce
the chloride permeability. On the other test, the accessible porosity were measure by
mercury intrusion porosimetry (MIP) test., it can observed that accessible porosity reduce
with the increasing of Nano silica content. It can explained by that the increasing of Nano
silica improve microstructure of ECC by reduce internal porous. Therefore the first

objective is achieved.

Prior to mechanical properties of ECC, flexural test and compressive strength were
conducted. From flexural test, stress-deflection graph were plotted and flexural strain
table were tabulated to measure the ductility and strength performance. As percentage of
nano silica increase with the flexural strength of ECC also increase. Moreover, strain
hardening capacity of ECC is improved by nano silica. While, PVA fiber has more
obvious effect on improving deflection of ECC. However, increasing of PVA fiber in
ECC reduce the flexural strength. The compressive strength of ECC increase as with two
combination of different material especially at early age. For example, the compressive
strength of M20 higher than M1 increase 35% of compressive strength of ECC. Second
objective is achieved. At the end of this study, understanding on behavior of material
properties and durability of ECC containing nano silica particle with possible to design
more suitable mix proportion of ECC to obtain good in strength and excellent ductility.
The selection of this material by studies on pozzolanic reaction with the cement paste.

Further research are required to study this material application in concrete.
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Fax.

Jan 21,2013

CERTIFICATE OF ANALYSIS

ality below.

- Kuralon K-IT ( PVA) fiber RFS400x18
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3. Shipping Date :Jan 21, 2013
4. Customer : Kemas Kurnia(M)Sdn.Bhd.
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Production Lot No. 21005 SPEC
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The Net Weight per each Paper-Bag calculated including Commercial Moisture
Regain by the following formula:
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* C.M.R. = Commercial Moisture Regain

* A.M.R. = Actual Moisture Regain
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