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ABSTRACT

This research was implemented to develop and termi@ie the properties
and flexural behaviour of Self Compacting Concr&€EC) by using Palm Oil Fuel
Ash (POFA) and admixture (Sika ViscoCrete-15RM)bdmatory test was carried
out to investigate the properties of fresh SCC &nel strength development
of hardened SCC. Six composition of design mix werepared and tested. The
performance of the fresh SCC mixes was determinetesting the filling ability,
passing ability, and resistance to segregationachanistics. The properties of fresh
SCC mixes were examined through slump flow testngl flow Tso test, L-box test
and sieve stability test. The compressive stremgsh was carried out at the ages
of 1, 7, 28 and 56 days to examine the strengtkldpment of hardened SCC mixes.
Two types of comparable reinforced concrete beaitits similar reinforcement and
design strength were cast and tested for flexushhbiour comparison between the
optimum mix of SCC and normal concrete. The resuiticate that POFA and
Sika ViscoCrete-15RM are suitable to be used tageih producing SCC. The
properties and strength development of the pro@@e fulfilled the requirements to
be classified as SCC. The SCC also shows highep&Essive strength as compared
to normal concrete. The flexural strength of theC3@&am indicates a comparable
behaviour to normal concrete beam at lower loadsvéver, the SCC beam achieves
higher ultimate strength and showed large ductdbaiour compared to normal

concrete beam.
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ABSTRAK

Kajian ini dilaksanakan bagi menghasilkan dan mealpasti sifat-sifat serta
kelakuan lenturan bagi konkrit tanpa mampatan (S@€jgan menggunakan Abu
Pembakaran Kelapa Sawit (POFA) dan bahan tambdta (BiscoCrete-15RM).
Sifat-sifat serta perkembangan kekuatan bagi SGi€aekbasah dan setelah mengeras
ditentukan melalui ujian makmal. Enam jenis campuekabentuk disediakan dan
diuji. Prestasi SCC ketika basah dikenalpasti deng&nguji sifat kebolehannya
mengisi ruang, melepasi halangan dan rintangaradeg pengasingan. Sifat-sifat
campuran SCC ketika basah diuji melalui ujian ssmakujian serakan padasol
ujian kotak-L dan ujian kestabilan ayakan. Kekuat@mpatan konkrit diuji pada
umur 1, 7, 28 dan 56 hari bagi menentukan perkegayarkekuatan bagi SCC
setelah mengeras. Dua jenis rasuk konkrit berteguw@ng sepadan, terdiri daripada
campuran SCC yang optimum dan konkrit biasa dengesi tetulang serta
rekabentuk kekuatan mampatan yang sama, dihasiisardiuji untuk perbandingan
kelakuan lenturannya. Keputusan kajian menunjukkamggunaan POFA dan
Sika ViscoCrete-15RM adalah bersesuaian bagi meilgha SCC. Sifat-sifat,
perkembangan kekuatan serta kelakuan lenturan3@2Gi yang terhasil memenuhi
keperluan untuk dikelaskan sebagai SCC. SCC yariad#t juga menunjukkan
kekuatan dan prestasi yang tinggi berbanding dergarkrit biasa. Kekuatan
lenturan bagi rasuk SCC menunjukkan perbandingdekéan yang hampir sama
dengan rasuk konkrit biasa di peringkat awal perabab. Walau bagaimanapun,
rasuk SCC telah mencapai kekuatan muktamad yaggitdan menunjukkan sifat

keanjalan yang besar berbanding dengan rasuk kdm&sa.
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CHAPTER 1

INTRODUCTION

1.1  Background

Concrete is the most widely consumed material & world, after water.
Nowadays, most of the construction for buildingd arfrastructures in Malaysia are
using concrete as construction material. Conceetha only major building material
that can be delivered to the job site in a plastate. This unique quality makes
concrete desirable as a building material becausan be molded to virtually any

form or shape and can be used to construct a veidety of structures.

Self Compacting Concrete (SCC), a recent innovatiaoncrete technology,
has numerous advantages over normal concretec&mlpacting concrete, as the
name indicates, is a type of concrete that doesrequire external or internal
compaction, because it becomes leveled and contpaciger its self-weight. SCC
can spread and fill every corner of the formwonltgly by means of its self-weight,

thus eliminating the need of vibration or any tgbeompacting effort.

SCC has been in the market place for some times Type of high-
performance concrete has been in use only sincéatbel980s. Professor Hajime
Okamura (University of Tokyo, now Kochi Instituté ©echnology) advocated the
use of SCC in 1986 for the first time in the waalad has been spread to all over the
world as the original of Japan. The first prototywas developed in 1988 as a
response to the growing problems associated wititrete durability and the high

demand for skilled workers.



Since the development of the prototype of SCC i881%he use of SCC in
actual structures all over the world has gradualtyeased. The main reasons for the
employment of SCC are to shorten construction perie assure compaction in the
structure and to eliminate noise due to vibratidmat means the current condition of

SCC is a “special concrete” rather than normal oetec

By employing SCC, the cost of vibrating compactean be saved and the
compaction of the concrete in the structure caadseired. SCC can greatly improve
construction systems which previously based on eotienal concrete where
vibrating compaction is required. A new constructgystem, including formwork,
reinforcement, support and structural design alsp be developed to suite the
advancement in this type of concrete.

Modern application of SCC is focused on high peri@nce which better and
more reliable quality, dense and uniform surfacéute, improved durability, high
strength and faster construction. The applicatib®©C in Malaysian construction
sector is still new and limited in precast concrieustry and geotechnical works.
Therefore, a lot of further research on this typeancrete technology needs to be
carried out to enhance our nation capability analityuin constructing building and

other infrastructures.

1.2 Problem Statement

The increasing demand for high performance concvetech use new
technique and new material have encouraged thearels to be conducted. The
usage of POFA in this aspect of research is siN.nThe research implementation is
to study and determine the compatibility of Palm Riel Ash (POFA) as cement
replacement material and Sika ViscoCrete-15RM aadimixture to produce SCC.
Hopefully this research can contribute to the ofiratings in developing SCC and

can be applied in our local construction industry.



1.3 Research Aim and Objectives

The aim of this research is to produce a suitableete compound which

can be categorized as SCC that using POFA as ceematement material together
with Sika ViscoCrete-15RM as admixture. The comiphtly of both material bind

together also will be observed.

The objectives of this research being conduct are:

(i)

(i)
(iii)

To develop and produce SCC using Palm Oil Fuel Asid
Sika ViscoCrete-15RM.

To investigate the properties and strength devetoprof SCC.

To compare the flexural behavior of reinforced gete beam of SCC

and normal concrete.

1.4 Research Scope

In executing the research, the scope boundary rteduks defined and a few

limitation factors to be drawn to avoid a very wstmpe of research and unfocussed

study. The scope and limitation factors for thise@rch are:

(i)

(ii)

(iii)
(iv)

The mixtures of SCC are only using POFA as cemeplacement
material and Sika ViscoCrete-15RM as admixture.

The developments for the proposed SCC mix are asityg Ordinary
Portland Cement (OPC).

The water- binder ratio (w/b) for all the mixediied to 0.36.

The comparison in flexural behaviour aspect onlyoines the most

optimum design mix of SCC to be compared with ndrcoacrete.



1.5 Research Significance

The advantages of SCC are already recognized bycdherete industry.
Design and construction specifications are urgendgded to give the designers
another option in meeting the demands of todaytambrrow for high performance

concrete in the construction.

From the research, clearer picture and differehe#&ween SCC and normal
concrete can be observed and understood. Therbdeviligh payoff in not requiring
vibration to achieve compaction and the low noiswel to meet stringent
environmental requirements in urban and suburbarstoaction. Less labour and
speedier construction will result in substantiadtcgavings, less traffic disruption and

risk reduction.

The use of POFA as cement replacement materialCi@ @ill fully utilize
this natural resources instead of becoming an tndusvaste material only. The
replacement can reduce the cost of concrete decantreasing in cement price and
at the same time to reduce the huge amount of palmdustry waste material that

being produced.

SCC using POFA has good potential for greater dacep and wider
applications in civil infrastructure works in Makig and other part of the world.
Hopefully, this research can guide the civil enghireg community and the concrete

industry to take advantage of a new breed of SCC.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Self compacting concrete (SCC), also been descabddknown as concrete
without vibration, self consolidating concrete,fggacing concrete and self leveling
concrete, is a highly flowable, non-segregatingccete that can spread into place,
fill the formwork and encapsulate the reinforcememnthout any mechanical
compaction. As a high-performance concrete, SC@alsl these attractive benefits
while maintaining all of concrete's customary meutal properties and durability

characteristics.

SCC has been described #ise"most revolutionary development in concrete
construction for several decades' [1]. Originally developed to offset a growing
shortage of skilled labour, it has proved beneffie@nomically because of a number

of factors, including:

0] Faster construction.

(i) Reduction in site manpower.

(i)  Better surface finishes.

(iv)  Easier placing.

(v) Improved durability.

(viy  Greater freedom in design.

(vii)  Thinner concrete sections.

(viii) Reduced noise levels, absence of vibration.

(ix)  Safer working environment.



SCC's unique properties give it significant ecormmeconstructability,
aesthetic and engineering advantages. SCC is amasingly attractive choice for
optimizing site manpower through reduction of laksrd possibly skill level,
lowering noise levels, and allowing for a safer kiog environment. SCC allows
easier pumping even from bottom up, flows into clemghapes, transitions through
inaccessible spots, and minimizes voids around ddexkitems to produce a high
degree of homogeneity and uniformity. That's why CS@llows for denser
reinforcement, optimized concrete sections and efiapnd greater freedom of

design while producing superior surface finished xtures.

2.2  Self Compacting Concrete

Self Compacting Concrete (SCC) was first developedapan since the late
1980s in order to reach durable concrete struct@iese then, several investigations
have been carried out to achieve a rational mixgddsr a standard concrete, which
is comparable to normal concrete. SCC is definetthgbno additional inner or outer
vibration is necessary for the compaction. SCComacting itself alone due to its
self-weight and is deaerated almost completely eviidwing in the formwork. In
structural members with high percentage of reirdorent it fills also completely all
voids and gaps. SCC flows like “honey” and has Iyearhorizontal concrete level

after placing.

With regard to its composition, SCC of the same ponents as
conventionally vibrated normal concrete which amment, aggregates, water,
additives and admixtures. However, the high amo@istperplasticizer for reduction
of the liquid limit and for better workability, thieigh powder content as “lubricant”
for the coarse aggregates, as well as the usesaobsity-agents to increase the
viscosity of the concrete have to be taken intooaot Figure 2.1 shows the

comparison of mix proportioning between normal geteeand SCC [2].



10% |—18
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10%
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Figure 2.1: Comparison of mix proportioning between normaiarete and SCC.[2]

In principle, the properties of the fresh and haeteSCC, which depend on

the mix design, should not be different from normahcrete. One exception is only

the consistencyrigure 2.2shows the basic principles for the production GCH3].

High Deformabilty of the
mortar and the concrete

Limitation of the coarse
aggregate content Vg

Usage of
Superplasticizer

High Segregation Resistance
of the mortar and the concrete

Reduction of the Water-
Powder-Ratio (w/p)

Figure 2.2: Basic principles for the production of SCC.[3]




SCC looks very different from conventional concretgle mixing. Concrete

producers must “retrain their eyes” for this velyid mixture as it turns corners and

fills forms. Traditionally, concrete with the flutgg of SCC has had a very high

water-to-cement ratio, which would lower compresasstrengths and compromise

durability. Properly designed SCC can save time kfmbur without sacrificing

performanceSCC mixes must meet three key properties as follows

(i)

(ii)

(iii)

Filling ability — the ability of the concrete to flow freely undes
own weight, both horizontally and vertically upward necessary,
and to completely fill formwork of any dimensiondashape without
leaving voids.

Passing ability —the ability of concrete to flow freely in and araun
dense reinforcement without blocking.

Resistance to segregatior during placement and while flowing, the
concrete should retain its homogeneity. There ghbalno separation
of aggregate from paste or water from solids, aadendency for
coarse aggregate to sink downwards through thé fteacrete mass

under gravity.[4]

As an engineered concrete, SCC offers charactayiitat engineer’s value.

Improved constructability to produce homogeneous @mform concrete allows for

higher reliability in design assumptions. Enginegriproperties and their inter-

relationships remain unchanged from those of comweal concrete and any

differences are adequately addressed by conservatisthe design codes. The

principles of concrete durability with respect exluced permeability, resistance to

freezing and thawing and sulfate attack, alkaliraggte reactions, thermal stresses

and corrosion protection of reinforcement also wapgimilarly to SCC. SCC's

superior rheology allows for the design and comsiibn of complex shapes with

congested reinforcement, and its non-segregatirditips are important for deep-

section or long-span applications. The fluidityS€C can be engineered in terms of

its viscosity, both the rate and degree of flow,altow for a wider variety of

placement and construction means and methods.



2.3 Cement Replacement Materials

Cement replacement materials are special types avfiraily occurring
materials or industrial waste products that camde in concrete mixes to partially
replace some of the Portland cement. Cement rapkematerials are frequently
called fine minerals or pozzolans. Surprisinglynaete with cement replacement
materials can actually be stronger and more durdide concrete with ordinary
Portland cement (OPC).

The three most-commonly used cement replacementriaat are the
pulverized fly ash (pfa), ground granulated blast&ce slag (ggbs) and condensed

silica fume (csf).

Fly ash is a fine, glass-like powder recovered fgases created by coal-fired
electric power generation. Power plants producegelamount of fly ash annually,
which is usually dumped in landfills. Fly ash is ar@xpensive replacement for
Portland cement used in concrete, while it actumtiproves strength, segregation,
and ease of pumping of the concrete. Fly ash & @d&d as an ingredient in brick,

block, paving, and structural fills.

Fly ash concrete was found that it allowed for legal cement. Consisting
mostly of silica, alumina and iron [5] as showrTiable 2.1, fly ash is a pozzolan, a
substance containing aluminous and silicious meltehiat forms cement in the
presence of water. When mixed with lime and watéorims a compound similar to
Portland cement. The spherical shape of the pastreduces internal friction thereby
increasing the concrete's fluidity, permitting lengoumping distances. Improved
workability means less water is needed, resulimip$s segregation of the mixture.
Although fly ash cement itself is less dense thamtl&hd cement, the produced

concrete is denser and results in a smoother suvidgh sharper detail.
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Table 2.1: Percent composition of cement replacement naseloly mass.|[5]

Oxide pfa ggbs csf Portland
Low lime High lime F:;gznlt)
Sio, 48 40 36 97 20
ALO, 27 18 9 2 5
Fe,O, 9 8 1 0.1 4
MgO 2 4 11 0.1 1
CaO 3 20 40 64
Na,O 1 -- 0.2
K,O 4 -- 0.5

Ground granulated blast-furnace slag (ggbs) isgtla@ular material formed
when molten iron blast furnace slag is quenchet & granular product with very
limited crystal formation is highly cementitious mature and, when ground to
cement fineness, hydrates like Portland cemenstBleinace slag cement is made by

intergrinding the granulated slag with Portland eantlinker (blended cement).

Condensed Silica Fume (csf) also known as micoasiis a byproduct of the
reduction of high-purity quartz with coal in electfurnaces in the production of
silicon and ferrosilicon alloys. Silica fume is @lsollected as a byproduct in the
production of other silicon alloys such as ferrachium, ferromanganese,

ferromagnesium, and calcium silicon.

Silica fume consists of very fine vitreous partcipproximately 100 times
smaller than those of ordinary cement particlesg avith a surface area of
20,000ni/kg [5] as shown inTable 2.2 Because of its extreme fineness and high
silica content, csf is a highly effective pozzotamaterial. It has been found that csf:
improves compressive strength, bond strength, éwdsen resistance; reduces

permeability; and therefore helps in protectingi@icing steel from corrosion.



