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ABSTRACT

The use of viscosity modifying admixture (VMA) has proved to be very effective in
stabilizing the rheological properties and consistency of self-compacting concrete (SCC).
SCC was developed in Japan in the late 1980s, and recently, this concrete has gained
wide use with a steadily increasing number of applications in many developed countries
such as Europe country and United States but not yet being utilized in Malaysia, SCC 1s
known for its excellent deformability, high resistance to segregation and use, without
applying vibration, in congested reinforced concrete structures characterized by difficult
casting condition. Identification or production of new low-cost VMA is then essential.
This paper presents the performance of local VMA supplied by one manufacturer in

enhancing the rheological and consistency properties of cement paste.

The study of the rheological properties and consistency of concrete to screen the
dosage of VMA to be used in SCC is a promising approach. Investigation was carried out
on concrete with VMA and HRWR to verify both admixtures’ performance on
workability, segregation, filing ability with obstacles, compressive strength and porosity.
Besides, fresh and hardened concrete properties will be studied and mixes with various

dosage of VMA to investigate the relationship between all properties.

The combined use of proper dosages of VMA and high-range water reducer
(HRWR) is shown clearly contribute to higher workability and lesser segregation. The
type of VMA and SP used in this study is Vismocrete and Adva that are provided by
same manufacturer. Different mix proportion of concrete under same condition must be
tested in order to obtain the optimum dosage for best result. Besides, the relationship

between fresh and hardened concrete properties were determined in this report.
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CHAPTER 1
INTRODUCTION

1.1 Background of study

The application of concrete without vibration in highway bridge construction is not new.
For example, placement of seal concrete underwater is done by the use of a tremie
without vibration, mass concrete has been placed without vibration, and shaft concrete
can be successfully placed without vibration. These seal, mass and shaft concretes are
generally of lower strength and difficult to attain consistent quality. Modern application
of self-compacting concrete (SCC) is focused on high performance, better and more
reliable quality, dense and uniform surface texture, improved durability, high strength,

and faster construction .

SCC is commonly used for casting congested structural members that are often
encountered in heavily reinforced mat foundations and in reinforced concrete structures
in seismic regions. It is also used in restricted areas where the access for placement and
consolidation is limited, as in the case of tunnel lining. The use of SCC to facilitate the
casting of congested or restricted areas can resuit in an unstable dispersion of cement
paste and aggregate particles since the tendency of the heterogeneous materials to
separatc increases with the reduction in viscosity. This can be obtained when the
consistency of the SCC increases or when the concrete is subjected to high shear rate,

such as that encountered in pumping and consolidation.

The incorporation of viscosity modifying admixture (VMA) in SCC can enable
the production of a stable and yet highly flowable concrete to facilitate filling congested
reinforced members with minimal vibration and segregation. The improved homogeneity
of the concrete can enhance bond strength to reinforcement and aggregate, thereby
decreasing permeability. VMA are also used in shotcrete for the repair of deteriorated
structures, since it can enhance the sagging resistance of the concrete and enable the

application of thicker lifts. The rheological behaviour of specialty cement grouts intended



for the underwater sealing of cracks in dams, offshore structures, massive foundations, or
fissures in rock can be enhanced by incorporating VMA. Viscosity is the measure of the
resistance and internal friction of a liquid whereas rheology refers to study of
deformation and flow characteristics of matter in terms of viscosity and friction. Grouts
made with VMA are also used for filling post-tensioning ducts, where it is important to
ensure high resistance to sedimentation and bleeding, hence ensuring corrosion protection

of stressed tendons.

Recognizing the lack of uniformity and complete compaction of concrete by
vibration, researchers at the University of Tokyo, Japan, started out in late 1980°s to
develop SCC. By the early 1990’s, Japan has developed and has used SCC that does not
require vibration to achieve full compaction by adding VMA . Japan has used SCC in
bridge, building and tunnel construction since the early 1990’s. In the last five years, a
number of SCC bridges have been constructed in Europe. In the United States, the
application of SCC in highway bridge construction is very limited at this time. However,
the US precast concrete industry is beginning to apply the technology to architectural
concrete. SCC has high potential for wider structural applications in highway bridge

construction.

SCC offers many advantages for the precast, prestressed concrete industry and for
cast-in-place construction. Several European countries were interested in exploring the
significance and potentials of SCC developed in Japan. In the United States, SCC is
beginning to gain interest, especially by the precast concrete industry and admixture
manufacturers. However, SCC with combination of VMA has not been widely used in
Malaysia. There is lack of evidence or studies regarding VMA in Malaysian Construction
society. Anyhow, it is a very powerful technology as the precast concrete industry is

beginning to apply the technology to commercial projects when specifications permit.



1.2 Problem Statement

The use of viscosity modifying admixtures (VMA) has proved very effective in
stabilizing the rheology of SCC. VMA tends to modify the viscosity of the cement paste
to delay the time for aggregate to settle before setting. Commercial VMAs currently
available on the market are costly, which increases the cost of such a concrete. There are
several differences in the practical application and structural configuration of admixtures
in the production of SCC between different countries. The local VMA is still under

development in Malaysia and the performance is yet to be explored.

1.3 Objective

The main objective of this project is to investigate the performance of VMA with HRWR
based on various tests of rheology properties, fluidity, segregation and washout resistance
of the cement pastes. Fresh and hardened concrete properties will be studied and mixes
with various dosage of VMA to investigate the relationship between all properties.
Investigation is necessary to explore the potential use of local VMA, which is desired to
produce a competitive SCC to help reducing the cost and evolving admixtures technology

in Malaysia.

1.4 Scope of Study

The scope of study of this project is more towards concrete technology and admixtures.
Knowledge governing the practical application of admixtures in the production of
concrete concerning composition, mixing, placing and curing are required to develop
high performance concrete. Other than these two important scopes, other scopes such as
material science and selection, engineering documentation and presentation as well as

engineering ethics are essential to accomplish the project.



- CHAPTER 2
LITERATURE REVIEW/THEORY

2.1 Self-compacting Concrete (SCC)

SCC represents one of the most outstanding advances in concrete technology during the
last decade. Due to its specific properties, SCC may contribute to a significant
improvement of the quality of concrete structures and open up new fields for the
application of concrete. SCC describes a concrete with the ability to compact itself only
by means of its own weight without the requirement of vibration. It fills all recesses,
reinforcement spaces and voids, even in highly reinforced concrete members and flows
free of segregation nearly to level balance. It is not a traditional high-slump concrete and
it flows like a viscous liquid rather than exhibiting the traditional slump of a high slump

concrete V). While flowing in the formwork, SCC is able to deaerate almost completely.

With regard to its composition, self-compacting concrete consists of the same
components as conventionally vibrated normal concrete, which are cement, aggregates,
water, additives and admixtures. However, the high amount of high-range water reducer
(HRWR) for reduction of the liquid limit and for better workability, the high powder
content as “lubricant” for the coarse aggregates, as well as the use of viscosity-agents to
increase the viscosity of the concrete have to be taken into account. In principle, the
properties of the fresh and hardened SCC, which depend on the mix design, should not be
different from normal concrete. One exception is only the consistency. SCC should have
a slump flow of approximately 50 to 70 cm after pulling the flow cone. Figure 1 shows
the basic principles for the production of SCC ®. A comparison of a typical mix design
of SCC and conventional concrete is shown in Figure 2 V. On the basis of the stated
differences between SCC and conventional concrete it is necessary to prove the existing

design rules based on years of experience on normal concrete.
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Figure 2: Mix composition of SCC in comparison with normal vibrated concrete



Traditionally, high-slump concretes have been plagued with the tendency to bleed
and segregate. The development of SCC makes it possible to produce a concrete that
would fall under the category of high-slump concrete; however, its behaviour far exceeds
that of a high-stump mix. An SCC mix has the following characteristics ©:

¢ Non-Segregating: The aggregate will stay in suspension in the mix as it flows into
the form,

o Non-Bleeding: Water will not rise to the top of the mix or be observed on the
outer edges of a flow test,

e Vibration: No vibration is required during placement. SCC will flow around rebar
and other inclusions in the form under its own weight,

¢ Flow spreads: Flow spreads of 500 or greater are obtainable,

e Set time: The initial set time in many SCC mixes will increase upwards of 90
minutes, depending on the admixtures used and water content of the mix. This
may be a desirable trait for many concreting operations in the drilled shaft

industry.

The use of SCC offers many benefits to the construction practice: the elimination
of the compaction work results in reduced costs of placement, a shortening of the
construction time and therefore in an improved productivity. The application of SCC also
leads to a reduction of noise during casting, better working conditions and the possibility
of expanding the placing times in inner city areas. Other advantages of SCC are an
improved homogeneity of the concrete production and the excellent surface quality
without blowholes or other surface defects ®. Often the material costs of SCC will be
higher than the equivalent material costs of a normal vibrated concrete. However, when
SCC is sensibly utilized, the reduction of costs caused by better productivity, shorter
construction time and improved working conditions will compensate the higher material

costs and, in many cases, may result in more favourable prices of the final product.



2.2 High-Range Water Reducer (HRWR)

High-range water reducers (HRWR) are water-soluble organic polymers which have to
be synthesized, using a complex polymerization process, to produce long molecules of
high molecular mass @. The main action of the long molecules of HRWR is to wrap
themselves around the cement particles and give them a highly negative charge so that
they repel each other. These results in deflocculation and dispersion of cement particles.
The resulting improvement in workability can be exploited in two ways: by producing
concrete with a very high workability or concrete with a very high strength. At a given
water/cement (W/C) ratio and water content in the mix, the dispersing action of HRWR
increases the workability of concrete, typically by raising the slump from 75mm to
200mm, the mix remaining cohesive . The resulting concrete can be placed with little or

no compaction and is not subject to excessive bleeding or segregation.

The second use of HRWR is in the production of concrete of normal workability
but with an extremely high strength owing to a very substantial reduction in the W/C
ratio. W/C ratios down to 0.2 have been used with 28-day cylinder strengths of about 150
MPa . HRWR do not alter fundamentally the structure of hydrated cement paste, the
main effect being a better distribution of cement particles and, consequently, their better
hydration. This would explain why, in some cases, the use of HRWR was found to

increase the strength of concrete at a constant W/C ratio ®.

For increasing the workability of the mix, the normal dosage of HRWR is
between 1 and 3 litres per cubic metre of concrete, the liquid HRWR containing about 40
per cent of active material. When HRWR are used to reduce the water content of the mix,
their dosage is much higher: 5 to 20 litres per cubic metre of concrete . The
effectiveness of a given dosage of HRWR depends on the W/C ratio of the mix.
Specifically, at a given dosage of the HRWR, the percentage water reduction which
maintains a constant workability is much higher at low W/C ratio than at high W/C ratio;
for example, at W/C ratio of 0.40, the reduction was observed to be 23 per cent, and only
11 per cent at W/C ratio of 0.55 ),



It is logical to assume that the first dosage of the HRWR must be applied soon
after the cement and water have come into contact with one another. Otherwise, the initial
reactions of hydration would make it impossible for the HRWR to effect adequate
deflocculation of the cement particles ”, The theoretical optimum time for adding a
HRWR is what would be approximately the beginning of the dormant period without the
HRWR. N fact, addition at that time was found to result in the highest initial workability
and in the lowest rate of loss of workability "', This particular time depends on the
properties of cement and would have to be established by experiment. In actual

construction, it is the practicality of adding the HRWR that governs.

The effectiveness of HRWR in preventing re-agglomeration of cement particles
lasts only as long as sufficient HRWR molecules are available to cover the exposed
surface of cement particles. As some of the HRWR molecules become entrapped in the
products of hydration of cement, the supply of HRWR becomes inadequate and the
workability of the mix is rapidly lost. It is likely that, with prolonged mixing or agitation,
some of the products of initial hydration of the cement shear off the surface of the cement
particles. This enables the hydration of the hitherto unexposed cement to take place. Both
the presence of the detached products of hydration and the additional hydration have the

effect of reducing the workability of the mix .



2.3 Viscosity-modifying Admixture (VMA)

Viscosity-modifying admixtures (VMA), also known as anti-washout admixtures, are
relatively new admixtures used to enhance the cohesion and stability of cement-based
systems. Such VMA are water-soluble polysaccharides that enhance the water retention
capacity of the paste. They arc used in concrete intended for underwater repair of marine
and hydraulic structures, and tremie concrete for the construction of curtain walls and
deep foundation walls. Such admixtures can also reduce the risk of separation of the
heterogeneous constituents of concrete during transport, placement, and consolidation

and provide added stability to the cast concrete while in a plastic state ).

2.3.1 Mode of Action

The mode of action of a VMA depends on the type and concentration of the polymer in
use. In the case of welan gum and cellulose derivatives, the mode of action can be

classified in three categories, as follows %

Adsorption
The long-chain polymer molecules adhere to the periphery of water molecules, thus
adsorbing and fixing part of the mix water and thereby expanding. This increases the

viscosity of the mix water and that of the cement-based product

Association
Moiecules in adjacent polymer chains can develop attractive forces, thus further blocking

the motion of water, causing a gel formation and an increase in viscosity.

Intertwining

At low rates of shear, and especially at high concentrations, the polymer chains can
intertwine and entangle, resulting in an increase in the apparent viscosity. Such
entanglement can disaggregate, and the polymer chains can align in the direction of the

flow at high shear rates, hence resulting in shear thinning.



2.3.2 Rheological Properties and HRWR Effect

The various water-soluble VMA forms viscous solutions that bind some of the mixing
water in the fresh cement paste, thus increasing viscosity and vield value of the cement-
based system. The yield value refers to the minimum shear stress needed to overcome the
internal resistance of a fluid to initiate plastic flow. The extent of the increase in water
viscosity depends on the type and concentration of the VMA, as well as on the applied
shear rate. Figure 3 compares the increased viscosity of aqueous solutions of 0.01 M
NaCl containing welan gum and HPMC at a low shear rate of 0.1s"®. The increase in
VMA dosage results in a sharp increase in viscosity, especially in the case of welan gum
addition. Systems modified with a VMA exhibit a shear thinning (or pseudoplastic)
behaviour where the apparent viscosity decreases rapidly with the increase in shear rate.
As shown in Figure 4, aqueous solutions containing VMA exhibit a shear thinning
behaviour where relatively high viscosity at low shear rate drops significantly with the

increase in shear rate 2.

A cement-based system incorporating a VMA can be sticky and viscous,
especially when there is a high concentration of VMA. The incorporation of a VMA
increases the yield value, plastic viscosity, and apparent viscosities, both at low and high
shear rates, for cement-based materials regardless of the W/C and dosage of HRWR !* 1%,
Cement grouts containing a VMA also exhibit high reduction in fluidity over time

because of their thixotropic nature.

10
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The increase in VMA dosage increases the yield value and apparent viscosity,
both at high and low shear rates, in an almost linear fashion regardless of the HRWR
content. The demand of the HRWR required to obtain a given fluidity increases with the
increase in the VMA dosage and the reduction in yield value, plastic and apparent
viscositics, especially in grouts containing low dosages of VMA "% In Figure 35, the
viscosity at low shear rate of a cement grout incorporating various concentrations of
welan gum VMA is shown to decrease with the increase in HRWR content, The grouts
evaluated incorporated various concentrations of a naphthalene-based HRWR and a fixed
W/C of 0.40. For a given decrease in apparent viscosity, the required dosage of additional

HRWR is shown to increase with in creased VMA content (&,

oftm
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Figure 5: Variations in apparent viscosity at low shear rate with welan gum-HRWR
concentrations 9

The increase in the dosage of HRWR disperses cement grains; this can liberate
some of the water entrapped between cement grains, hence increasing the amount of free
water in the system. The combined use of proper VMA and HRWR contents help secure
a highly fluid yet cohesive grout, reduce water dilution, and enhance the degree of

suspension of various solids.
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2.4 Concrete Properties

Concrete is basically a mixture of two components: aggregates and paste. The paste,
comprised of Portland cement and water, binds the aggregates (sand and gravel or
crushed stone) into a rocklike mass as the paste hardens because of the chemical reaction
of the cement and water. Aggregates are generally divided into two groups: fine and
coarse. Fine aggregates consists of natural or manufactured sand with particle sizes
ranging up to 3/8 inch; coarse aggregates are those with particles retained on the No. 16
sieve and ranging up to 6 inch. The most commonly used maximum aggregate size is %

inch or 1 inch.

The paste is composed of Portland cement, water, and entrapped air or purposely
entrained air. Cement paste ordinarily constitutes about 25 % to 40 % of the total volume
of concrete. Air content ranges up to about 8 % of concrete volume, depending on the
maximum size of coarse aggregate, whereas aggregates make up about 60 % to 75 % of

concrete volume.

High performance concrete requires concrete possessing specific properties. To
assure that these properties are obtained, quality control and acceptance testing are
indispensable parts of the study. Past experience and sound judgments or comparison
between reference concrete and test concrete must be relied on in evaluating tests and
assessing their significance in the ultimate performance of the concrete. The importance
of obtaining truly representative samples of freshly mixed concrete and hardened
concrete for control tests must be emphasized. Unless the sample is representative, test
results will be misleading. Samples should be obtained and handled in accordance with
ASTM C172.

13



2.3.1 Fresh Concrete Properties

Fresh concrete is a transient material with continuously changing properties. It is,
however, essential that the concrete can be handled, transported, placed, compacted and
finished to form a homogenous, usually void-free, solid mass that realizes the full

potential hardened properties.

Workability

The ease of placing, consolidating, and finishing freshly mixed concrete is called
workability. It refers to the relative mobility of a freshly mixed cement paste or mortar or
to its ability to flow. Concrete with HRWR most often exhibit high slump value. High
slump value indicates high workability of concrete. The separation of the particles made
possible by HRWR in effect strongly reduces the shear threshold of the fresh cement
paste, giving a concrete that flows under its own weight alone, with, however, a velocity
that depends on the viscosity of the mixture. One of the important properties regarding
SCC is the ability to flow through obstacles. This property is applied when SCC is poured
into congesied area whereby vibration is not applicable. However, the filing ability is
very much dependent on the aggregate grading and water/cement ratio. Factors affecting

workability are an.

e Water content
Within limits, it contributes to workability because the water added increases inter-

particle lubrication.

e Aggregate type and grading

Along with water content, the effect of aggregate type and grading should be
considered to achieve maximum density without segregation. For example, finer
particles require more water to wet their larger specific surface. And angular
aggregate, due to its irregular shape and rougher texture, require more water than

rounded aggregate.

14



s Aggregate/cement ratio
At constant water/cement ratio, when the aggregate/cement ratio is reduced,
workability increases because the surface area of the particles to be wetted is now

lower.

o Coarse aggregate/fine aggregate ratio
A higher coarse aggregate/fine aggregate ratio by volume can lower the workability,
resulting in segregation. Although a lower value will increase the workability, the

durability of the resulting concrete will be adversely affected.

» Presence of admixtures

For a given workability, air-entrainment reduces the water requirement.

o Time

With time, fresh concrete stiffens, causing a loss of workability.

o Temperature

A higher temperature of concrete reduces its workability.

Segregation and Bleeding

Fresh concrete is a mixture of solid particles with specific gravities ranging from about
2.6 (most aggregates) to 3.15 (Portland cement). After the concrete has been placed, the
particles tend to settle and the water to rise. This can lead to segregation, in which the
larger aggregate particles fall to the lower parts of the pour, and bleeding, in which water
or water-rich grout tises to the surface of the concrete to produce laitance, a weak surface
layer, or becomes trapped under the aggregate particles thus enhancing interface
transition zone effects. These processes are hindered by the interlocking of the particles

and for the smaller particles, the surface forces of attraction. It follows that the major

15



causes of segregation and bleed are poorly graded aggregates and excessive water
contents. Factors contributing to segregation are 7

e Large maximum particle size (>25 mm),

¢ Large proportion of large aggregate,

» High specific gravity of coarse aggregate,

s Decreased amount of fines (sand or cement),

e Increased irregular shape or rough texture, and

» Mixes those are too wet or too dry,

Some bleed is unavoidable, and may not be harmful. For example, if the concrete
is placed in hot or windy conditions, the loss of bleed water from the surface may not
cause any distress, and the water/cement ratio of the remaining concrete may be reduced.
However, if the rate of evaporation of the water is greater than the rate of bleeding,
plastic shrinkage, which can lead to surface cracking, will occur. The combined effects of
bleed and particles settlement are that, after hardening, the concrete in the lower part of a

pour of any significant depth can be stronger than that in the upper part.

Surface
—

/ Laitance

_______ = —1 | Cement and

e~ O 7| | Aggregates
L‘C N

NSRRI

Water

Figure 6: Bleeding of concrete
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2.3.2 Hardened Concrete
Compressive Strength

Compressive strength may be defined as the measured maximum resistance of a concrete
or mortar specimen to axial loading. It is generally expressed in Mega Pascal (MPa) at an
age of 3 days, 7 days and 28 days or more for high performance concrete. The principal
factors affecting strength are water-cement ratio, age, curing condition, humidity, air
content, aggregate characteristic, roughness, grading or the extent to which hydration has
progressed. Compressive strength increases with age and increases as the water-cement

ratio decreases.

Porosity

Porosity and pore structure, in turn, are influenced by the original packing of cement,
mineral admixtures, and the aggregate particles; the water-to-solid ratio; the rheology;
and the conditions of curing. There is no doubt that porosity defined as the total volume
of the overall volume of pores larger than gel pores, expressed as a percentage of the
overall volume of the hydrated cement paste, is a primary factor influencing the strength
of the cement paste. A linear relation between strength and porosity, within the range of
the latter between 5 and 28 per cent, was established by Rossler and Odler ®*, The effect
of pores smaller than 20 nm in diamecter was found to be negligible. Consequently, in
addition to total porosity, the effect of pore size distribution on strength must be
considered. Generally, at a given porosity, smaller pores lead to a higher strength of the
cement paste. The total porosity of concrete were calculated using the following
equations (Cabrera and Hassan, 1997).
P = (Wga-WaY(Wsa-Wsw) x 100 where:

P = Total porosity (%)

WSA = Weight of saturated surface dry samples in air (g)

WSA = Weight of saturated surface dry samples in water (g)

Wd = Weight of oven dry samples (g)
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CHAPTER 3
METHODOLOGY/PROJECT WORK

3.1 Project Work

The general sequence of my research is as follows:

3.1.1 Literature Review

Literature review is the basic yet most important aspect of the project. In order to
successfully complete this project, a strong knowledge on product design must be
accomplished. This is done through a thorough literature review on journals, publications
and books from the field of engineering design. Comparison between information from
different types of books or journals must be done to verify the truthfulness of the

information obtained from literature review

3.1.2 Discussion and Collaboration

Weekly discussion session with supervisor will be done to discuss on activities done and
knowledge gained. This is to avoid misleading data that may deviate the student from the
actual objective. The exchange of view is critical to ensure that the student is on the right

track.

3.1.3 Materials and Equipments Preparation

Proper planning must be done in order to prepare the materials and equipments needed. If
the required equipments are not available in the laboratory, the student needs to find ways

to either buy it or construct it on their own. Same goes to the materials.
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3.1.4 Experiment and Test

Experiment must be conducted to analyze and test the proposed material used at a certain
dosage. Segregation and compressive strength are important properties to be tested.
Experiment will be repeated at different conditions or with different dosage until the best
result is obtained and thus, finalizing the product design. The Experiments include:

¢ Slump flow test

o V-Funnel test

e Kajima box test

» Segregation test

¢ (Compressive strength test

s Porosity test

3.1.5 Data Analysis

All the results data from the laboratory tests will be used to analyze the sample. The
appropriate tables or graphs will be constructed to get the clearer view of the results in

this project.

3.1.6 Documentation

All engineering design should be accompanied with proper documentation. The
documentation for VMA includes researches and findings, proposed material used,
recommended range of dosage, limit of segregation for homogeneity, setting time at

compliance dosage and others.
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3.2 Materials Preparation

As indicated above, it is necessary to get the maximum performance out of all of the
materials involved in producing high strength concrete. For convenience, the various
materials are discussed separately below. However, it must be remembered that
prediction with any certainty as to how they will behave when combined in a concrete is
not feasible. Particularly when attempting to make high strength concrete, any material
incompatibilitics will be highly detrimental to the finished product. Thus, the culmination
of any mix design process must be the extensive testing of trial mixes. High strength
concrete will normally contain not only Portland cement, aggregate and water, but also

superplasticizer (SP) and viscosity-modifying admixture (VMA).

3.2.1 Portland Cement

There are two different requirements that any cement must meet: it must develop the
appropriate strength; and it must exhibit the appropriate rheological behaviour, High
strength concretes have been produced successfully using cements meeting the ASTM
Standard Specification C150. Portland cement is not a simple chemical compound; it is a
mixture of many compounds. Four of these make up 90 % or more of the weight of
Portland cement: ftricalcium silicate, dicalcium silicate, tricalcium aluminate and
tetracalcium aluminoferrite. In addition to these major compounds, several others play
important roles in the hydration process. Different types of Portland cement contain the
same four major compounds but in different proportions. The Portland cement is shown

in Appendix 1.

3.2.2 Coarse Aggregate

It is commonly assumed that a smaller maximum size of coarse aggregate will lead to
higher strengths, largely because smaller sizes will improve the workability of the

concrete. However, this 1s not necessarily the case. Aggregates of 20 mm maximum size

will be used in this study since some of the concrete technologists reported that 20 — 25
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mm maximum size might be used for high strength concrete. Sieve analysis was used to
get the desired size aggregates. Besides, the aggregate must be saturated surface dry to
avoid .the absorption of water that might affect the water/cement ratio, for it is crucial to
the performance of concrete. Since the available aggregate was exposed under the hot sun,
saturated surface dry aggregate was prepared by soaking it into the water for one day and

leaving it at room temperature one day for the surface water to evaporate.
3.2.3 Fine Aggregate

The fine aggregate should consist of smooth rounded particles to reduce the water
demand. The fineness of sand is the main factor to determine the workability of concrete.
Of course, the sand must be free of silt and clay particles. Same as coarse aggregates, the
sand must be of saturated surface dry. However, the sand would not be soaked into the
water. Instead, by scrapping off the surface layer of sand that was exposed to the hot sun,
inner part of the sand with certain amount of moisture content was taken. The sand would
then be exposed at room temperature for one day for the surface water to evaporate.
Unlike coarse aggregate, this method is not likely to obtain best result since the sand is
good water absorber. If the result obtained from freshly mixed concrete test contains
significant error, moisture content of the sand will be recorded in order to justify the

water/cement ratio of the concrete.
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3.2.4 High-Range Water Reducer (HRWR)

[n modern concrete practice, it is essentially impossible to make high strength concrete at
adequate workability in the field without the use of HRWR. Unfortunately, different
HRWR will behave quite differently with different cements. This is due to in part to the
variability in the minor components of the cement, and in part to the fact that the
acceptance standards for HRWR themselves are not very tightly written. Adva, which is
HRWR that supplied by one manufacturer, will be used in this study. It is brownish and

visually observed as a viscous liquid. Since the behaviour of Adva is unknown, the

proportioning of first trial mix will be based fully on the proposed dosage.

Figure 7: HRWR (Adva)
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3.2.5 Viscosity-modifying Admixture (VMA)

VMA 1s admixture that tends to increase the friction or viscosity between the particles
and thus, reducing segregation. It is a form of gel-like material that behaves like normal
gum. As mentioned in segregation, water tends to rise up while aggregate tends to go
down in normal concrete. The addition of VMA may delay the ‘rising up’ and ‘going
down’ time so that the concrete sets before water rise up and aggregates go down as to
maintain the uniform distribution of particles. However, the behaviour of VMA being
used in this study is unknown since the same manufacturer supplies it. Thus, the

proportioning will also be based on the proposed dosage.

Figure 8: VMA (Vismocrete)
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3.3 Concrete Mixing

All concrete should be mixed thoroughly until it is uniform in appearance, with all
ingredients evenly distributed. Mixers should not be loaded above their rated capacities
and should not be operated at approximately the speeds for which they were designed. To
ensure that they are combined into a homogeneous mix requires effort and care. The
sequence of charging ingredients into the mixer plays an important part in the uniformity
of the finished product. The sequence, however, can be varied and still produce a quality
concrete. The procedure of mixing the concrete incorporating HRWR and VMA is shown
as follows:

1. Pour all coarse and fine aggregates into the mixer and mix for 25 seconds to

ensure the uniform distribution of both materials.
2. Pour half of the water and mix for 1 minute.

3. Leave the mixes for 8 minutes to let both sand and coarse aggregate to absorb

water.
4. Pour all Portland cement into the mixer and mix for 1 minute.
5. Pour another half of the water and add in HRWR to mix for 3 minutes.
6. Add in VMA and mix for another 2 minutes.
7. Finally perform hand mixing until the mix is in uniform stage.
3.4 Curing Condition

In general, the highest concrete strengths will be obtained with specimens continuously
moist cured (at 100% relative humidity) until the time of testing. After the removal of
mould on the second day, the cylinder will be placed and cured in a water tank at room

temperature for strength development.
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3.5 Test Method

The test methods were carried out on concrete mix incorporating Icoal VMA to determine

the workability, stability, bleeding, segregation, setting time and compressive strength.

3.5.1 Slump Flow Test

(1) was used to assess the horizontal free flow of SCC in the absence

The slump flow test
of obstructions. It gave no indication of the ability of the SCC to pass between
reinforcement without blocking, but some indication of resistance to segregation. The
equipments included a truncated cone with the internal dimension of 200 mm diameter at
the base, 100mm diameter at the top, and a height of 300mm with a base plate of a stiff
non-absorbing material. The truncated cone was filled with SCC without tamping,
followed by raising the cone vertically to allow the SCC flowing out freely. The final

diameters of the SCC in two perpendicular directions were measured as workability of

the SCC and an average slump flow value was calculated.

Figure 9: Slump flow test equipment
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3.5.2 V-funnel Test

The deformability through restricted areas can be evaluated using V-funnel test "”. In
this test, the funnel was filled completely with concrete and the bottom outlet would then
be opened, allowing the concrete to flow out. The time of flow from the opening of outlet
to the seizure of flow was recorded. Flow time can be associated with a low deformability
due to high paste viscosity, high interparticle friction or blockage of flow. Flow time
should be below 6s for the concrete to be considered as SCC. All well-performed mixes
must not have significant segregation and jamming of aggregate at the contraction. High
flow time can also be associated with low deformability due to a high paste viscosity, and
with high interparticle friction. While the apparatus is simple, the effect of the angle of
the funnel and the wall effect on the flow of SCC are not clear. Since V-funnel was not
available in concrete laboratory, the equipment was manufactured by using 12-in fiber

glass of size 6 ft (1828.8 mm) x 4 ft (1219.2 mm) (kindly refer to Appendix 1).

Figure 10: V-funnel



3.5.3 Segregation Test

The segregation test method, which is developed by Fujiwara “” was used. The method
included pouring fresh concrete over a 5 mm mesh and measuring the mass of the mortar
passing through the screen after 5 minutes. The segregation index (SI) was taken as the

ratio of the mortar passing to that contained in the original concrete sample.

3.5.4 Filling Vessel Test Method (Also known as Kajima Box Method)

The Kajima Box test method " was used to measure the filling ability of SCC with a
maximum aggregate size of 20 mm. The apparatus consisted of a container with a flat and
smooth surface. In the container were 35 obstacles made of wood bar with a diameter of
16 mm and a distance center to center of 50 mm. Since it was not available in the
laboratory, like V-funnel apparatus, it was constructed manually (kindly refer to
Appendix 2). The container was filled with SCC through the hole and the difference in

height between two sides of the container was a measure of the filling ability.

Figure 11: Kajima box



3.5.5 Compressive Strength Test

Comparative performance of hardened concrete is investigated by measuring the
development of compressive strength with curing age from 3, 7, 28 to 60 days. Three 100
x 200-mm cylinders were cast in order to get the average value. Reference concretes were
cast with vibration but test concretes were cast without consolidation efforts and both
samples were stored in a water container for proper curing. The compressive strength was

taken as the maximum compressive load it could carry per unit area.

Figure 12: Compressive strength test equipment



3.5.6 Porosity Test

The total porosity of a porous material, such as concrete, is defined as the fraction of the
bulk volume occupied by the voids. The voids may be filled with air and/or water
depending upon the degree of pore saturation. For a partially saturated condition, the total
porosity 1s the combination of the part of water filled and air filled voids usually termed
as open porosity, which corresponds to the term of empty porosity as used by Ujike and
Nagataki (1988). There are number of methods used to determine the total porosity of
concrete and mortar, however, the technique of vacuum saturation is perhaps the most
simple, cheap and direct method of measurement. The procedures are shown as below:

l. The slab was first cored into 5-cm diameter and 5-cm height cylinder.

o

The samples were vacuumed in the vacuum saturation apparatus for 30 minutes.

(2

The samples were then submerged into the water and vacuumed for another 6
hours.
4. The samples were left for one day in the water for saturation and weighted in air

and /or water.

Lhn

The oven-dried weight was taken after drying the samples in oven for one day.

Figure 13: Vacuum saturation apparatus
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Mix Proportion by Manufacturer

The performance of new developed VMA (Vismocrete), which is supplied by the
manufacturer, has not been determined. However, Reference concrete and test concrete 1
in table below show the mix proportion proposed by the manufacturer and it is believed

to have best performance. However, the amount of HRWR in test concrete 2 will be

increased to 1000ml/100kg of cement.

Table 1: Mix proportion by manufacturer

Mixture

éand

Coarse

Water

| Cement Adva Vismocrote
Type | (kg/m’) 5 (kg/m’) 1| Aggregates | (Um’) | (HRWR) | (VMA)
(kg/m’) (ml) (ml)

Reference | 525 865 750 190 | 500/100kg T
Concrete of cement -
" Test 525 | 865 | 750 | 150 | 500/100kg | 9307100ks
Concrete 1 of cement of cement
Test | 525 865 750 190 | 1000/100kg | 950/100ke
Concrete 2 | of cement of cement
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4.1.2 Result and Discussion

Slump Flow Test

Table 2: Slump flow test result for manufacturer’s mix proportion

| Concr.éte. Type Slump Floﬂ& tmﬁl) | I Averaéé.slﬁmp F low
x-dircction | y.—.&ir.ec.tion (mm)
Reference Concrete 240 250 245
Test Conerete | 7380 410 395
Test Concréfe 2 560 ) 600‘ 580

Result shows that test concrete 2 had higher slump flow, 580 mm, followed by test

concrete I, 395 mm, as compared to reference concrete. In another way, concrete

incorporating greater HRWR has higher workability in the absence of obstructions. The

reference concrete showed little horizontal free flow properties as the average slump flow

is only 245 mm. Based on the literature review, Nagasaki and Fujiwara suggested a

slump flow value ranging from 500 to 700 mm for a concrete to be self-compacted. At >

700 mm, the concrete might segregate, and at < 500 mm, the concrete might have

insufficient flow to pass through highly congested reinforcement. Result indicates that

only test concrete 2 fit into the allowable range. This proved that the addition of HRWR

has generally increased the workability to the SCC range. However, segregation could be

observed in this test.
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V-funnel Test

Table 3: V-funnel test for manufacturer’s mix proportion

'é'(')hcre'té"fype i . ...V-ﬁmnel 5

Reference Concrete ' -

- Test Concrete 1 5.35

Test Conerete 2 EE T4.08

The deformability through restricted areas can be evaluated using V-funnel test. Flow
time can be associated with a low deformability due to high paste viscosity, high
interparticle friction or blockage of flow. From literature review, Flow time should be
below 6 s for the concrete to be considered as SCC. In this test, no result was shown for
reference concrete because the concrete could not pass through the contraction part of V-
funnel. However, the time for test concrete 1 and 2 to flow through the contraction part
was recorded as 5.35s and 4.08s respectively. The test concrete performed well with no
significant segregation and jamming of aggregate at the contraction and it fulfilled the
requirements of allowable flow time for SCC. However, significant segregation occurred
while pouring the concrete into the V-funnel. This could be seen from the seepage of

cement paste through the gap in the funnel.

Segregation Test

Table 4: Segregation test result for manufacturer’s mix proportion

“Concrete Type | Weight of concrete | Weight of mortar | Segregation Index
(kg) (kg) (%)
”Reféfence éc,m&.ete s S e
”Tes.t conéféte 1 | “ 308 ) B .0.. 1. T .3.25
Test concrete 2 | 325 | o84 [ 258
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The segregation index (SI) is taken as the ratio of the mortar passing to that contained in
the original concrete sample. No result was shown for reference concrete since mortar did
not pass through 5-mm mesh. From the literature review, a stable concrete should have a
ST value of <5 %. The test concrete 1 with SI of 3.25 % fulfilled the required criteria. The
ST of 25.85 % for test concrete 2 was extremely high. There was a significant segregation
where all aggregates remained at the 5-mm mesh whereas almost all cement paste passed

through the mesh and retained on the pan.
Kajima Box Test

Table 5: Kajima box test result for manufacturer’s mix proportion

Coricfeté Type % Kaj.ima Box Test (%) B

Reference Concrete | -

Test Coﬁbrete 1 » T 17.86

Test Conorete 2 | T 464

If the SCC flows as freely as water at rest, it will be horizontal resulting in average filling
percentage equals to 100 %. Therefore, the nearer this test value, the ‘filling height’ is to
100 %, the better the filing ability characteristics of the SCC. The reference concrete
showed no sign of filling ability, as the workability was too low. Table above presents the
filling ability of test concrete at the presence of obstacles and the calculations are shown
in Appendix 3. Filling ability of test concrete 2, 46.4 %, was better than the test concrete
1, 17.86%, in the presence of obstructions. However, segregation occurred obviously
while conducting the test. Cement paste would first pass through those obstacles before

the aggregates. Some aggregates even trapped between those obstacles.
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Compressive Strength Test

Table 6: Compressive strength test result for manufacturer’s mix proportions

Céﬁcréte Typé [ Reférehéé N Test Cbﬁcféfe 1 Test Concr‘ete”2”E
Concrete '
3days [ 7days | 3days | 7days | 7days
I [Maximum load (KN) | 1045 | 1037 | 1197 | 1587 | 2573
[ Stress(MPa) | 1330 | 1321 | 1524 | 2021 | 2503
2 [Maximum load (kN) | 919 | 1238 | 1357 | 1107 | 2409
[ Swess(MPa) | 1171 | 157 | 1727 | 14.09 3276
3 [ Maximum load () | 89.7 | 1077 | 1580 | 929 31.86
T Stress(MPa) | 1142 | 131 [ 2011 | 1183 | 3067
[Maximum load (KN) [ 95.4 [ 111.73 | 1378 | 12077 | 2495
" Stress (MPa) 1214 | 1423 [ 1754 | 1537 | 3176

Comparative performance of hardened concrete was investigated by measuring the
development of compressive strength with curing age ranging from 1 to 28 days.
However, due to time constraint, hardened concrete test were performed only on the third
day and seventh day. The concrete mixes were required to test the compressive strength
since the supplier of VMA and HRWR proposes the mix proportion and it was unknown.
The compressive strength result of test concrete 2 shows that both the maximum load and
stress are very much higher than the reference concrete and test concrete 1. This might be
due to better workability of concrete whereby it flowed smoothly and filled all voids in
the cylinder mould resulting in better bonding between particles. As for reference
concrete and test concrete 1, since it had lower slump flow test, poorer workability might
result in voids and honeycomb where it would weaken the concrete. Thus, the

compressive strength was lower.
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4.2 Proposed Mix Proportion

The water/cement (w/c) ratio was selected as 0.45. From the literaturc review,
information below was found to determine the SCC mix proportions:
Cementitious content/Aggregate ratio (C/A): 0.25
Sand/Gravel ratio (S/G): 1.0
Concrete Density: 2250 kg/m’

W/C =045
C/A =025
S/G  =1.00

Density = 2250 kg/m’

Water + Cementitious Content + Sand + Gravel = Density
Since S/G =1.00, assume that S=G .......... (1)
0.45¥*C+C+S+G=2250......... (2)

Substitute (1) into (2)

1.45C + 28 =2250....... (3)

Since C/A =025, thus C = 0.25%2S....... (4)

Substitute (4) into (3)

1.45(0.58) +2S = 2250

By mathematical calculations, information below were obtained:
Sand = 826 kg/m’
Coarse Aggregate = 826 kg/m®
Cementitious Content = 413 kg/m’
Water = 189 kg/m’
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As determined previously, concrete volume needed to perform the prescribe tests was

0.03m’. Nine mixtures with HRWR and VMA were prepared. Table below presents the

composition and labeling of mixtures prepared with consistent amount of aggregate, sand,

water and HRWR. and VMA. Since the variables of the compositions were HRWR and

VMA, the mixtures were labeled such that the identified ingredients as shown in the table.
For example, the mixture HRWR-3 contained 3 Vm® of HRWR; the mixture VMA-1
contained 9 I/'m3 of HRWR and 1 % of VMA.

Table 7: Proposed mix proportion

Concrete

, Sand

Water

TVMA

Cemenf“ | lAggrééé.fe : §

Type | (kgm)) | (eghnd) | Ggmd) | () (Vm’) %) A
HRWRS | 43 | 8% T ®@6 | i [ 3 o |
HRWR-6 | 413 826 826 | 189 6 0
B, B e :
HRWR-12 | 413 826 826 | 189 v 0
VMAT [ 413 826 826 189 9 1
TVMA2 | 413 826 826 | 189 9\ [72)
TVMA-6 | 413 826 | 826 189 9 6
e — . o
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4.2.2 Discussion

Fresh Concrete Properties

Table 8 presents the fresh properties of all mixtures. Included in that table are the
calculated average slump flow (mm), the measured V-funnel time (s), the calculated

segregation index (%), and the filling ability (%).

The effect of HRWR and VMA on segregation is presented in Figure 14 and 15.
As seen in Figure 14, the segregation is found to increase with the increase of HRWR
amount. Although the increase of HRWR improved the workability, it caused serious
separation between mortar and coarse aggregate. As can be seen in Appendix 7, there
would be more mortar passing through the 5-mm mesh for higher HRWR as compared to
lower one. As for the case shown in Figure 15, with constant amount of HRWR,
segregation decreases with the increase of VMA amount. Most of the concrete mixtures
do not satisfy the requirement of SI value of < 5 % @ except for HRWR-6. However, the

limit of 5% is considered too severe and a limit of 10% appears more realistic #%.

Graph of Segregation Index vs Amount of HRWR

Segregation Index (%)
oo

0 T T - T T T T T — 1

0 2 4 3] 8 10 12 14
Amoutn of HRWR (1/m3)

Figure 14: Effect of HRWR amount on segregation index

41



Graph of Segregation Index vs Amount of VMA
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Figure 15: Effect of VM A amount on segregation index

The increase in slump flow incorporating HRWR is presented in Figure 16. There
was no record for HRWR-3 because it was not flowable at all. The initial slump flow
value is found to slightly increase dramatically as the amount of HRWR increases. Slump
flow maintains at a certain level when average slump flow value of 600 is reached. Thus,
there is no significant increase in slump flow for HRWR-9 and HRWR-12 as they
maintain in the acceptable range of 500 to 700 ‘%, During the experiment, it was

observed that serious segregations occurred in concretes without VMA..

Graph of Slump Flow vs Amount of HRWR
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Figure 16: Effect of HRWR amount on slump flow
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Result in Table 8 shows that segregation index decreases as the amount of VMA
increases. However, as seen in Figure 17, there is no significant effect of segregation
index on slump flow as all mixtures’ workability vary between 500 and 700. Therefore, it
shows that HRWR dominates the workability of fresh concrete.

Graph of Slump Flow vs Segregation Index
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Figure 17: Effect of segregation on slump flow

The V-funnel flow time can be associated with a low deformability due to high
paste viscosity, high interparticle friction or blockage of flow. Table 8 shows that flow
time decreases with the increase of VMA up to a level where average flow time of <6s is
maintained. Based on the result, the flow time of HRWR-9, VMA-1 and VMA-2 are not
in the acceptable range whereas flow time of concretes with 4, 6 and 8 % of VMA
perform well with no jamming of concrete at the contraction. Figure 18 presents the
effect of segregation on V-funnel flow for concretes with VMA. It shows that v-funnel
time decreases as segregation index decreases. The threshold of v-funnel flow time is <

6s in which segregation index must be less than 15%.
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Graph of V-funnel vs Segregation Index
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Figure 18: Effect of segregation on v-funnel time

As for the case of filling ability, the results are presented in Table 8 and
calculations are shown in Appendix 4. The filling ability increases as the VMA amount
increases. There were no records for HRWR-3 and HRWR-6 because these two mixtures
were not flowable. A significant increase of filling ability occurs from 0% to 1 % of
VMA and the increment goes gradually starting from 1% of VMA onwards. When the
concrete was incorporating with only HRWR, serious segregation occurred whereby only
mortar flowing through the obstacles and coarse aggregate jammed at the first row of
obstacles. It tends to remain the workability, increase the viscosity, and resulting in no
jamming at the obstacles side only when VMA were added into the concrete. Therefore,

concrete could be easily flowed through the obstacles.

As presented in figure 19 and 20, filling ability increases when segregation index
decreases. In order to get the best result, two graphs with linear trend line and power
trend line each were plotted to get the equation and to compare the R? value. The closer
the R? value is to 1.0, the better the result is. As in this case, R? for linear trend line is

closer than the R? value for power trend line and thus, linear trend line is chosen:
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Graph of Filling Ability vs Segregation Index for Linear
Trend Line
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Figure 19: Linear trend line for filling ability
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Figure 20: Power trend line for filling ability

However, the highest value that obtained from filling ability is only 66%. If the
equation of y =-2.0591x + 80.118 mn which,
Y = filling ability
X =segregation index
were to be used to indicate the relationship between filling ability and segregation,

negative x value would be obtained in order to achieve the filling ability of 100%.
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Therefore, an assumption was made that 100% of filling ability will be achieved by 0%
of segregation index. The trend line is re-plotted with this assumption and another trend

line with equation of y = -3.063x+ 94.508 will be obtained as shown in Figure 21.

Graph of Filling Ability vs Segregation Index for Linear
Trend Line
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Figure 21: Re-plotted Linear Trend Line for Filling Ability
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Hardened Concrete Properties

The compressive strength of concrete mixtures having the same W/C ratio depends
mainly on the pore volume, pore-size distribution, and degree of hydration. As presented
in Table 9, the compressive strength values varied between 17 and 25 MPa at 7 days and
19 and 36 MPa at 28 days. The highest compressive strength at 7 and 28 days were
obtained with VMA-1, VMA-2 and VMA-4. These strength values were between 23 and
24 at 7 days, 34 and 35 at 28 days. These concrete contained HRWR and VMA and thus
resulting in higher viscosity and lower porosity that have marked influence on strength
(Table 10 and 11). The lowest compressive strength at 7 and 28 days were obtained with
HRWR-6, HRWR-9 and HRWR-12. These strength values were obtained between 17
and 18 at 7 days, 19 and 24 at 28 days. These concrete contained only HRWR resulting in
great segregation. Therefore, the concrete mixtures had the higher porosity as seen in
Table 10 and 11. As presented in Figure 21, the rate of hydration is higher for concrete
containing both HRWR and VMA as compared to that containing only HRWR.

Compressive Strength |
40.00 - ‘
E\ |
-9
S 3500 |
= |
B0 .
£ 30.00 -
£ m7
£ 25.00 28
s
g 20.00 '
(=]
&}
15.00 — ‘ ;
HR  HR HR  HR VMA-1 VMA-2 VMA-4 VMA-6 VMA-8 I‘
WR-3 WR-6 WR-9 WR-12 |

L Type of Concrete ‘

Figure 22: Compressive strength of all mixtures at different ages
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The porosity of concrete depends on factors such as saturation of concrete, shape
and surface roughness of concrete, water cement ratio and degree of hydration. The
results of porosity are presented in Figure 22. It indicates that porosity decreases as ages
increases. The porosity values varied between 9 to 12 at 7 days and 8 to 11 at 28 days.
Generally, the porosity of all mixtures decrease only 1 % from 7 day to 28 day. Concrete
with low workability and low segregation had lowest porosity, which is 9.18 % at 7 day
and 8.34 % at 28 day as seen in HRWR-3 whereas concrete with high workability and
high segregation had the highest porosity, which is 11++% at 7 day and 10++ at 28 day.
As for concrete with high workability and low segregation, the porosity values are
calculated at about 10++% at 7 day and 9++ % at 28 day. Besides, when comparing

Figure 21 and 22, conclusion can be made that higher rates of hydration result in higher

decrease in porosity.
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8.00 1
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Figure 23: Porosity of all mixtures at different ages
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Aggregate Grading and Particle Shape

Grading is the particle-size distribution of aggregate as determined by a sieve analysis in
accordance with CSA Standards A23.2-2A and A23.2-5A (ASTM C 136). There are
several reasons for specifying grading limits and maximum aggregate size. The grading
and maximum size of aggregate affect relative aggregate proportions as well as
cementing materials and water requirements, workability, economy, porosity, shrinkage,
and durabtlity of concrete. Variations in grading can seriously affect the uniformity of
concrete from batch to batch. Very fine sands are often uneconomical; very coarse sands
and coarse aggregate can produce harsh, unworkable mixes. In general, aggregates that
do not have a large deficiency or excess of any size and give a smooth grading curve will

produce the most satisfactory results.

The coarse aggregate grading requirements of CSA A23.1 (ASTM C 33) permit a
wide range in grading and a varicty of grading sizes (kindly refer to Appendix 5). The
grading for a given maximum-size coarse aggregate can be varied over a moderate range
without appreciable effect on cement and water requirements of a mixture if the
proportion of fine aggregate to total aggregate produces concrete of good workability.
Usually more paste, water, and cement is required for small-size aggregates than for large
sizes, due to an increase in total aggregate surface arca. Figure 23 compares the grading
curve of the coarse aggregate sample to high and low specification of ASTM (33. The
grading curve of aggregate sample does not fit into the requirement zone. This might be
affected by the aggregate size limitations on this experiment whereby only coarse
aggregate of 5 to 20 mm are allowed. Therefore, the distribution of coarse aggregate is

coarser than normal distribution.

Furthermore, coarser distribution of aggregates may give slightly lower slump
flow and concrete strengths for the same water-cementing materials ratio. However, the
optimum maximum size of coarse aggregate for higher strength depends on factors such
as relative strength of the paste, cementing materials-aggregate bond, and strength of the

aggregate particles.
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Grading Curve for Coarse Aggregate
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Figure 24: Grading curve for coarse aggregate

Requirements of CSA A23.1 (ASTM C 33) permit a relatively wide range in fine-
aggregate gradation (kindly refer to Appendix 5), but specifications by other
organizations are sometimes more restrictive. The most desirable fine-aggregate grading
depends on the type of work, the richness of the mixture, and the maximum size of coarse
aggregate. In general, if the water-cementing materials ratio is kept constant and the ratio
of fine-to-coarse aggregate is chosen correctly, a wide range in grading can be used

without measurable effect on strength. Standard also notes that:

» For high-strength concrete, it is desirable to limit the amount of material
passing the 160-um sieve to a maximum of 2%.

 Workability problems have been experienced when the percentage passing

the 315-pm sieve is less than 10.

Figure 23 compares the grading curve of the fine aggregate sample to high and
low specification of ASTM C33. There is a small portion falling outside the limits.

However, the amount of material passing the 160-um sieve and 315-pm is more than the
percentage specified above. Therefore, the concrete is said to have less workability

problems and low compressive strength.
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Grading Curve for Fine Aggregate
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Figure 25: Grading curve for fine aggregate

Particle shape and surface texture influence the properties of freshly mixed
concrete more than the properties of hardened concrete. Rough-textured, angular, and
clongated particles require more water to produce workable concrete than smooth,
rounded compact aggregate. The crushed aggregates of this experiment have a very rough
surface and thus, resulting in lower workability whereby friction generated between the
rough surfaces, as compared to river rocks. However, this is not the main problem as the

workability will be improved by HRWR.

The fineness modulus (FM) of either fine or coarse aggregate according to
ASTM C 125 is calculated by adding the cumulative percentages by mass retained on
cach of a specified series of sieves and dividing the sum by 100. The fineness modulus of
coarse aggregate and fine aggregate are calculated as 3.45 and 2.79 respectively. The
calculation was shown in Appendix 5. The FM is an index of the fineness of an aggregate
- the higher the FM, the coarser the aggregate. If a fineness modulus less than 2.5 is
employed, the resultant mixture may be "sticky", resulting in poor workability and a

higher water demand .
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CHAPTER 5.0
CONCLUSION AND RECOMMENDATION

The objective of this project, which is to investigate the performance of VMA and HRWR
based on various tests of rheology properties, is successfully achieved. The workability of
SCC depends mainly on the HRWR regardless the dosage of VMA where the slump flow
value range varied from 500 to 700mm. With constant HRWR amount, segregation
decreases as the VMA amount increases. As for V-funnel test and filling ability test, the
combination of HRWR and VMA is found to have better result as compared to concrete
mixtures with only HRWR. Serious segregation occurs in the latter whereby coarse
aggregates stuck at the obstacles and the contraction area whereas only cement pastes pass
through the obstacles and the contraction area. With the help of VMA, such condition can

be improved as segregation reduces.

The second objective, which is to investigate the relationship between all fresh
and hardened concrete properties, is also successfully achieved. There is no significant
~ effect of segregation on slump flow. The workability will remain consistent at 500 to 700
even though segregation continues to decrease. As for V-funnel result, it is found out that
flow time decreases with the decrease of segregation. However, the threshold of flow
time is < 6s although segregation continues to decrease. The filling ability increases as
the segregation decreases. Based on the result, filling ability can be expressed as a
function of segregation with the equation of y = 157.38x***?, In order to get 100% of
filling ability, the segregation index can theoretically be estimated at 1.18%.

There are somehow, errors occur during the experiment whereby unknown factors
might affect the result. In order to reduce the possible errors, it is recommended that the
mixing process and fresh concrete testing must be conducted in an error-free condition.
Although it is impossible, effort must be done to at least reduce the significant factors
such as variation of water/cement ratio. Besides, in order to further the research regarding
this topic, more experiments with different dosage of HRWR and VMA are

recommended in order to get the optimum dosage.
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Water/cement ratio is very important in determining properties of either freshly
mixed concrete or hardented concrete. It is recommended that all materials that planned for
different mix proportion for different testing must be prepared at the same day and sealed
with plastic bag even if the materials are not being used at the same time. This is to ensure
the uniformity of moisture content of the materials since even minor variation in moisture
content may change the properties of concrete. Besides, it is also recommended that the
mixer is to be applied with the same water/cement ratio of cement paste before mixing

process takes place.

Concrete admixtures are still too often perceived as mysterious ingredients for
making concrete. Since some admixtures were originally industrial by-products and only
marginally beneficial, more and more modern products are specially prepared or
synthesized for the concrete industry. Their action is more specific and more engineered,
making them more efficient. Thus, it is believed that the most recent and future
technological developments in concrete technology rely on enhanced admixture

efficiency rather than on improvements in cement manufacturing.
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APPENDIX 1

Figure below shows the steps of manufacturing V-funnel equipment:
Step 1:
Cut the fiber glass into 2 small rectangular pieces with size 490 x 575.

i 480.00 i

575.60

Step 2:
Mark the dimension of V-funnel shape on the rectangular fiber glasses and cut them into

the desired shape.

’-‘MUHD—ﬁ# ! —490.00 I
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475.00 475.00
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—{65.00 = —~{65.00{=—

59



Step 3:
Again, cut the fiber glass into 2 pieces of 475 x 75 rectangle, 2 pieces of 150 x 75

rectangle and 1 piece of 65 x 75 rectangle.
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Step 4:
Assemble the equipment by using glue.
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The final product of V-funnel equipment is shown as below:

450.00 f
| N |

5.00

’ 150.

o~
4‘ 65.00 |—\j
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APPENDIX 2

Below shows the steps of manufacturing the Kajima Box:
Step 1:
Cut the fiber glass into 4 pieces of 300 x 500 rectangle and 2 pieces of 300 x 300

rectangle.

J 300.00 i

i 300.00

i

50[J .00
300.00

Step 2:
Drill 35 holes on the 300 x 500 rectangle as shown below.

300.00
5x50

o O O O O
o o O C O
o O o O O
O O O O O
o o O O O
o o O O O
o o O© O O

=—150.00—=f=————7 x 50 ~]
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Step 3:
Prepare 35 numbers of 16 mm woods with 300 mm long and stick them to the holes

drilled. Assemble the box by using glue and leave one 100 mm square hole for filling

channel.
e
e el
R e el
B e
e T

Step 4:

Cut 4 pieces of 100 x 100 mm fiber glasses and assemble it as shown below without top

and bottom.

~100.00~
100.00
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Step 5:

Stick the small box on top of the hole of large box.
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APPENDIX 3

~ 500.00 -
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Filling Ability in the Presence of Obstruction for First Trial Mix

A = Area filled by concrete

B = Empty arca

Filling capacity (%) = A/(A+B)
A=02x0.05+0.05"=0.0125 m’

Total area = 0.2 x 0.35 = 0.07 m?

Thus, the filing capacity (%) = 0.0125/0.07 x 100 = 17.86 %
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Figure 1: Filling Ability in the Presence of Obstruction for Second Trial Mix

A = Area filled by concrete

B = Empty area

Filling capacity (%) = A/(A+B)

A=0.15x (0.1+0.175)/2 + 0.2 x 0.1 = 0.0406 m>

Total area = 0.175 x 0.35 = 0.0875 m*

Thus, the filing capacity (%) = 0.0406/0.0613 x 100 = 46.4 %
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APPENDIX 4

Filing Ability Calculation

i— 500.00

o o o O O
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o O O O
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300.00

{ 7x 50 }

MIXTURE 3

150.00-~

A = Area filled by concrete

B = Empty area

Filling capacity (%) = A/(A+B)
A=05%035x%0.1=00175 m?
Total area = 0.25 x 0.35 = 0.0875 m*

Thus, the filing capacity (%) = 0.0175/0.0875 x 100 =20 %

= = !

O O (g

o o o O
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o o O O

5x 450

| 7x50 i
MIXTURE 4

300.00

A = Area filled by concrete

B = Empty area

Filling capacity (%) = A/(A+B)

A =0.05x%x0.35+0.1 x 0.05 =0.0225 m*
Total area = 0.25 x 0.35 = 0.0875 m”

Thus, the filing capacity (%) = 0.0225/0.0875 x 100 =25.71 %
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MIXTURE 5

A = Area filled by concrete

B = Empty area

Filling capacity (%) = A/(A+B)
A=015x01+05x0.15x0.15+0.5% 0.1 x 0.2 =0.03625 m>
Total area = 0.25 x 0.35 = 00875 m’

Thus, the filing capacity (%) = 0.03625/0.0875 x 100 = 41.43 %
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MIXTURE 6

A = Area filled by concrete

B = Empty area

Filling capacity (%) = A/(A+B)

A=01x035+0.15x 0.05 = 0.0425 m*

Total area = 0.25 x 0.35 = 0.0875 m”

Thus, the filing capacity (%) = 0.0425/0.0875 x 100 = 48.57 %
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MIXTURE 7

150,00~

A = Area filled by concrete
B = Empty area
Filling capacity (%) = A/(A+B)

A=01x035+05x0.15x 0.15 = 0,04625 m*

Total area = 0.25 x 0.35 = 0.0875 m>

Thus, the filing capacity (%) = 0.04625/0.0875 x 100 = 52.86 %

500,00

7 x50 i
MIXTURE 8

160.00—=]|

300.00

A = Area filled by concrete
B = Empty area
Filling capacity (%) = A/(A+B)

A=0.125x0.35+ 0.1 x 0.05 = 0.04875 m?>

Total area = 0.25 x 0.35 = 0.0875 m>

Thus, the filing capacity (%) = 0.04875/0.0875 x 100 = 55.71 %
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! 500.00 i

o C ¢, 0 0 D
B
o 0 304.00
Sx 50
%> |
f— 7x50 f=—150.00—=]
MIXTURE 9

A = Area filled by concrete

B = Empty area

Filling capacity (%) = A/(A+B)

A=0.1x035+0.5x0.15% 0.3 =0.0575 m>

Total area = 0.25 x 0.35 = 0.0875 m?

Thus, the filing capacity (%) = 0.0575/0.0875 x 100 = 65.71 %
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APPENDIX 5

Sieve Analysis for Coarse Aggregate

Sieve Size

Wéight ”P.ércel.ltage Cumuiative | Curr.1u“1.ativé“

(mm) Retained (g) Retained (%) Percentage Percentage

Passing (%) Retained (%)

20 0 0 100 0

14 1699 33.08 66.02 3398
125 705 141 751,92 48.08
0 1097 21.94 29.98 T70.02
6.3 1143 72286 IAD 92.88
- - -

356

7.12

0

100

ASTM C33 Coarse Aggregate Specification

Sieve Size (in)

Cumulative Percentage Paésing .(%)

High Tow
100 100
Y 100 100
v 100 100
378 100 85
- - e
“NoB 16 0
e — S S —

Fineness Modulus (FM)

FM for coarse aggregate

=(0+33.98 + 48.08 + 70.02 + 92.88 + 100)/100
=3.45
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Sieve Analysis for Fine Aggregate

Sieve Size

Weight

Cumulative

Cumulative

Percentagé

(mm) Retained (g) Retained (%) Percentage Percentage

Passing (%) Retained (%)
- S— - M St
335 3252 6.50 79350 | 650
2 75791 11.58 TR1.91 18.09
1.18 5897 11.79 T70.12 29,88
06 T102.45 2049 2963 5037
03 | 14114 20.43 20.20 79.80
015 | 7495 1499 521 94.79
0.075 26.06 521 0.00 100.00

ASTM C33 Fine Aggregate Specification

Sieve Sizé .(.in). Cumulative Percentégc Passing I(%)
e e
38 100 100
No. 4 100 95
"Nog 100 80
"No. 16 85 50
= e L -
B i S
No. 100 10 2
Fineness Modulus (FM)

FM for fine aggregate

=(0+6.50+18.09 +29.88 + 50.37 + 79.80)/100
=2.79
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mdwlwt {Nme i As tlie sphmcmliv Sl BTk 3 Browght

ﬁg[h c awc 39M

a.\zm T-LTE 1u.lmiqm i by i_mfy nired uijuxl Yol TEakGitor o
reic will ey lpeadiog on e e ul.lmlimuugr Cownsall yoar
D s u:mn.]l o (\ammz-mn michine calibaiee for e PR e

wiipue,

LS -Rate" ¢ Loinlinge-Apply. tb-.. Iua{l x“mnmuuuslv ;md
wuhuu! sl

T8 Tor resting masctines of thc ST tyrﬁ:, U praving:
beid $hall tswel at ratg; of appeoximakely 0:05 in, [ L oow)fvin
whicil the machine is tonining idle, For hydimulically operated
mpchines, dhe foad sl be applied o - rateof moveient
fylz;lw 1 chosshead measurement correspoading 10w Toading
“rie-on e sfrecimen within abe mage of 2040 50 psifs [0.15 to

035 MPoss). The designated 1ate -of thovemeit shall be

nftied 3t Teast ‘dirifg e, Intler hull of the afjcipated

g, p_i‘lasp ol the sesing cyols.

5.2 During. e applipation of the first. Il.‘ﬂf OF the antigi-.

Mg Wi pliase o Eisher rats of Noendig sl b allowed.
153 ke no adjusitnent in the mie of 1mve1mm of the

plufeti i any time while u spocimen is yielding rapidly
“mimgdiately before Tuilyre, .

7 6 Apply e Tond until the spmmm Tails, 2 remni the
rmaxicouin fond carricd by dhe spedinim duriag he test. Note
the typi ol (il s iz appearapce of Ukconceele,

&, Cileulaiion
& I Calculate Hie: eninprossive strength cnf the spmmcn by

: dmdmg i maximune lond casried by ke specimen during e

ingi by the average . cross-sectional area determined as de-
scribe,d in. Section 6 ond express e fesolt (0. the nearest: 10 sl
tt' I Mial
BE I Hpc:cuxmn lcnglh lu danicier ragin is kess thin 1.8,
vonpect dhé vesolt aiained iy £ by mulnplymg by the
upproprinte toriacticn Toetor showir D the fofldeing able:
1x L6 150 T2
fmm- R ) 4.66¢ LR
e 11=These torrectian Tactemz, apply W Ihueeight_ congrets
wghing: betwern- 100 sid 120 IWE (1600 nnd 1520 kyf”] il o

14
QAT Ml 11}

- il welphi conurets Thiy are upp!mﬁsln b-eonerete. dry o stuaked o1

the Gipeal Tondieg, Kallics:nid given i fhe 1able shall:be Rachmined by
correciinn Jaclons: 4 applickdi o Anadnal-conceels
SRy frﬁxﬁ'*ﬁmwwﬁqw (1S w S RAP T

,' Report S
1 Report the: folliwing informasion:: - -
1 ddentficutian ibmber, ’ Fd

Y2 Tireter (andbangth, it malmdg ﬂm TA {Jf 182 e
2.1, i inichizs [millimetres], -

- T}L[‘bcis i ctllis.l' spl.mmcn or cmpa;‘_mﬂ_ s
A a’\gc of spociiei

Procision i HE-

il & by 32in; ELSOFhy 300 i) ey lindiers’ il from

oo S Lmss smlwn;ll areq, T Egaine mchu. [wquw milli-

{1 Précivion—The single. t\prmmr pm‘sjﬁm of lt.sl& ol .
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AL CSLUMBFLOW TEST ANDVSL .

_ (VISUAL STABILITY INDEX) TEST METHOD ©
AL j:qtmd'uc'tinm B :

T slumip fluw is used 1o assess die horizontal free Tlow-of SCC i the absenice of obatructions. Tt was

- First developed in Japan (Reference I, page 30) forusé fn assessment of underwater SCC, The tosl method
isbusedion the twstmotholf for determining the ST The Sianseter of the conérets éiréle iz 3 neastre for
the Aowsibility of the SCC,

AL Assessment of Test

This i5 a simple, rpid test procedure, ‘Tt canbensed aisite, tough (he size of the base plate is semewhat
unwiebdy aml level ground s essemink [t is the most commonly used test, wnd gives 2 gnod sasessment of
filting ability, 11 givés i Indication-of [ ability GF e SOC to puss bistween reinforcorient without
Dlocking, bt may ghve seme indication pf resistance &5 segregsiion, Tt con b argued diat the completely
free flow, uncestrained by sy boundasies, s st representativs of whal happens in practice fn.concrete
-esnstruetion, bat fhe tesyean Yo profibly-used 1o ssess the consistency of supply ofrified SCC w site
From boad fo lond. '

SLUIP |
= (D102} /2

5‘E;‘;‘FEE‘?‘;*"‘Tm_h.f
S RDER

Figiive'2,).- Meiliod A Upright Slunep Cone

ol Tliéfﬁlunigy chm*ciagl alsebeuséd 1 the is'm:r‘ti-,d_ﬁp_xi!ia# b perfon this sump o tésh, Values of suinp

fldw are nearly tie-smne.as deterinmed by eittier the upright ur inveried shimp cone. Either this Snverted
or tigight slump cone shoiiid beiured consistently in controlling SCC prishactisn {don't switeh from one
uethid for the wllisi), o : B ' v o :

Teviren Guvdelines foe the Use ol RalT-Crmsctilatiog, ) : _ [Ty
Consrett in PET Member Fhimy , LT UALS ' ) Al 2001
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A2

The appuratisis shiwnin Fijgre 21

Fa_il_:ipme:ii

Mald i the shape of 4 tmncated cone with the intorne] ditensions B-inch diameter (00 mm) 56 ﬁac

E base, d=lnch-dismeter (LO0 nam) at-the top, and a keight of 12 ms.hcs (00 mm}
b. . Base plate uf # ST non-ibsorbing materislyat leist 28 inclies squate (70 mm sguire), veurked
with & cirele:marking the central oeation for the slump code, and 2 fiunliee concenbic virgle :}f
20-inich dissscter {300 )
g . Trivwa)
4. Sceop
o Rafer
AZd Procedure
a4 Abput ﬂ.l-ﬂ”-'{é L) of 8CCiz hccded tey perfonm S west, sampled-tomially,
b, Moisten the hase plate and %ﬂ&iél: of slump cone,
& - Place bage plate onlevel stable groand m:d ﬂlc slukp cone cendrally oo tiac Base phube and hold
oy firmly, . :
d, - Fill dizcone sith thescoop, Do pot tamp, mm{ﬂ:r styike uﬂ the SCC levelwith the mp of the come
mth the frowet, U : : .
e Removeany sueplus §GC rm'm:zlmund.lhé ﬁﬁm ol ihe coae, W
I Ruise the cone veeticiibly il 'élI:JW'.!].:u-x.‘if.‘Cii{J flow aul-fidily,
B Measvrethe finud diouteter of thié SC‘C itwo -}lelpl.?.ﬂd_il:!.ﬁlll; dirzctivng,
e Calenlate the BYCTAgS, of the two messared diﬁmnlm%‘{rihis is the sl flow in inches [mmj).
& - Rate the stubility of e mixes n 05 ncedments by wisual xamigation mmg the (utlowing ﬁ?‘ 1
puidelines, (See 13460 details of VI rating test) “
Torecip oialncs for s e nFSdemnhs!aung s - ' ' T

ﬁmNIwm f‘t‘lbwhbct?hﬂ &4 S . “April 200%
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»

Rating - | R Criteria

O | Noeviduncy of segrepation. i slanp flow patty o in-niikor drum ar wheellsasrow,
i Mosnioriar alo. of apgrogibe fiile i Me slonsp How patty bt some siighit bleed or nir

popping on the sutace of the conoeete:initle mixer drum oe whielbnzow.

r Ta slight monar hale (< 10 s (3% Tneh) andfor aggregnte pite in the Slump ﬂow..yany :
and highly soticenble-Meedingin hemizer dewm-nnf Weelbsirow. o

3 Cleprly segrogsting by.evideice of o kupe enoriae bato (= 10 meg) (3% i) smddor.
" Flige aggregivie pite B the center ofthe-souerite patty. ol % thick nyer of pastc on the

suiface of the resting otmx_ircw'in the mizxer drum o wheelbsprow,

Soe AILD for plintos si:'m»ing'ﬂie rangenl VSI-rntings.
ALS iInterpretation of Resolt

The highier ihe ‘slumyp: flow valae, e predter it ahiliy o {71 Toemwock under ils ewi woight. Thee is no
guncrally aecepied advice on what s rensenable taltrances about 3 $pocitied vahie; thouh 30 num
(¥ inches) may be appropria, ’ .

Tn caso.of Severe segregntion; most coume-agjregate will romain in the center of the powl of SCC and
wtoriar and cetsnt paste al the-SCC peviphery, Tu case of minoe segesgation, a bordec of mistar withont
coarse aggrrite ¢l vieur abfhe edge of (e pool oFSCC, Breausethe slimp Mow:patty Tis no '
significant depth through which settiénicnl of waprepste can secar, u-visun! inspection-of the concrote in
the wheelbatrow or miner sholi be part of the protess i determining the V81 rating. The V8! does not
AQuaitilya propeely of e conctere mismre, ibwever, it 3 wsefil Tor ounlity control'consistency Wsting.

Srbirini Gyrid#lines fw;mu».- of SultCinsilidating R s DG
Conerste BPCL Befumber Plants. - ’ A8 ) - Apnl 200}

0
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ATS V:FUNNEL TESTAND V-FUNNEL TEST AT T = 8 MINUTES

A1 Introduction

he hﬁnmmwt cnn%i&ﬁs of a V-shnped Fannel, shown iwFigare 7,1, An alermative wpe of V=funng), the

- O-Funngl, with o eireubar suctisn, is aleo used iny Fpaeit bt v mok deseribed En this fest meltiod.

- T destriteed V-Funmsl test s usod to de'mmiihé_':jﬁ(; filling ability {flowability) of the 5CC withy

FuLKEmUD): Gagregilésize ol 20 mm {3/4inch). The funnel s filled with sbout 12 kiters of SCC and tis
titiig: tukion. for it 1o flew through the upparas meiged,

Aflee his, the funnel can be refilied 'W,iéE_S.CC s Bl for 3 minntes.to spitle. Ithe 5CC shows

segregation, then the flow time will tncrense sigmificanty. H the $¢C mixture b iingerepic properites,
-t will alse Indicatemn meeedesd fow firme,

AT2  Assessment of Test

Though the test is designed o measute Rowabilify, the result Is affected by SCC properties pther than
flow, The:-iaverted cone shape:wifl sy fonideney of the §OC fo blick (o bereflected in the result- i,
Jor examiple thers is too much-coarse aggregate. High fow time can'wlso be nssociared with o
deformbility dug to o high.paste viscosity, and with high:interpanicle friction.

While ifieapparatys it gimple, the effect of the angl of the unnel and the wall efiecs o5 the few of SCC
JER S T '

L E 4

* by b ol 245 dirns i i Mo

) _ _ : :-.[?igurci‘f._im\e’-ﬁ};mn.t:l Apparatus
ATY  Hoelpwment : s B

4. W-Punel: :

b Buckek (% 0.4 )% 12 lirers)
e Trawel . .

o - Seoop-

¢ Sopwaleh

Intissire, Cindebings Do oo X0 B2l Conseiliciing : . o DE:
Chnstiebs in PEL Wembae Mafis S Akl - o AprElNg]
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A4 Preedure Flow Thic _
w. - Abourdd 0¥ (121 of SOCs heedgd G perforen e test; saliipfét[ norrally,
b Sotths ViFiiinel on fiom:groand, '

¢ Muisten iha. inside surfaoes of the futnel-

i Keep ihe trap door opien to ablow any. surpliis wator to dratn.

o

Close ihe trip duor-and plice s E_)u:c:i?;gi wdemeatly;.

£ Fillthe apparstus complotely with $CC withoutcompating o tspping, simply smikeoff the SCE
leviel with the top-with the trowel. )

& Openthe tap door within 14 weeonds after fithing znd allow e SCC to flow outunder fpravily:

o Stan the stepwidch when e trap dbor i gpened, and revord the Heme for the dissliarge teomplets
[the. flow tirre}. This s tabicn to be When tight is seen from above through the fnnel,

b The whole test hag 10 be performed within 3 minates,

ATS  Procedure Flow ’.l‘ime at T-5 Minuies

# o Performed 5;ibseq_uent b the flow. tima-tout

Do NOT clean or moiston dig insidle surfaces-of the funncd again,

¢ Closg the tragi e aid rofill the 'ViFummel immedéitely altee measuring ihe fow tine,

Ao Fill the apparates complately with SEC without vompretivg o tapping, simyghy strike off ihe SCC
“hivel veith (i top wilh the trowel, - ) ) . :

£ Ilace a bucket anderrigay,

£ Openihe trap door 5 minutes ifter the seconid fill of the fauncl and allow the SCC-o flow out wnder
ETaving ' : -

s “Sinultaneously statthe stopeately whes thsitrap door s opendd, wnd record tie Bate for the

dischatge to complete (the flow time ot T-5 minutes), The record fime is (o be wehen Light & seen
from above throgh the fumnel.

TOALE tuterpretation of Result :

- This test messures the eass of fow oF the SCC; shostet o tintes indicate greaer Dowability.. The

inverted cone shage-fesiicly T, o d prolonged. fovw fiotes iay give some indienfion ofthe
susceplibility of the fix to blockings' 7 ' . : o

Al 8 mim;l_éz_z-s:fsugﬂing, segrepation of SOC (iFany) with conssfhie Row lime ta increass. Ag noted

ushovi, e fow time will also increage i0H SO s thixatrupic propeies.

Tt el fo o o o Sl me oo ' D

Longpine s IO Musiber Piant S SRl Apel HNu
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100 FILLING VESSEL TEST METHOD
{ALSO KNOWN 45 KAJIMA BOX METHOD)

Al Introduetion

The test s used to measupsthe filling abilisy of SCC with: nELimati-aggregite size o F3/2 inch (20 mnj,

Thie appatatus: consists of d'Cortainee {tFnnsprrent Bleaighis):with o flat am] snisath susface. -y the
. continet ure 35 abstactes ifade of PYC with adiameter of 34 inch {20 mn asd 4 distanoe centie fo
- pemter 61 2 inches (50 mm): & fMlfing Hipe s Loegited ot the dop of the ppparatiis: Tlee plpre has o divinetor
af 4 inches (LO0 ThmY, 5 haight 20 inchies (500 e, Veithu Sunnel kbight of 4 inches (100 ws), ‘Fhc
contadner is filked with SCC through this filing pipe and thediffereice in height belwedn two sides of the
- vontiner i i medsure of the filling ubility, . : o
AIB2 Assessment of Test:
This isa tegt that 35 diffionltto perform on site-ducta {he camplis strcture of e apparatis and lurge
Wrelykt-of the:SCC {see Figure 10.1). 1rigives 5 goud impression of e selbuonsolidating characteristics
of the SCC. Bven.s 00 fmix with o high-filling ability will. pee o poory Hihe fpossing ability and
- segregition resistinee srepoon '
AT83 . Bquipment
& Eiltbox of 2 stfl, transparent, non‘absorbinig muteriif
b Seop (Bdon- 1A 10 2 Hery)
c.  Ruler
£ Stopwaich
AT Pricedure-
& Aboet [R5 1) of SOC isneeded 1o perfbra the tes, suivipléd oendly,
b Selthe apparaius level da St groond,
% 't_vlu:iziicn the inside surfoces of the BppariluE; temove any swhis Wik,
A Fillthe apparsius with the SCC samle,
e Pourthe conergte throughy the inndl it u eonstit eiteaf 8.2 Tiker per secofi

f.. Siop pouring ‘when the concrete m.a.l:hr.'s aleveliof 220 mm (8545 inches) in the nonreintireed
sectivn-of e vessel, : '
B Measurethe A syrface and deteriniing the oroms-scetionsl arcy of Aren A, -
W Caleubvie the Filing capacity AXAD) ratio, '

ac. The is}{holc rest b 10 b performiod within ® mioutes, L

Toerim Couil e Jar the Line of SolE o oatieing o % T
Centrem in PEY Meader i’Eams - ';’t]-’l‘rﬂ . April20ex
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_d=lémm.

z
g

w_w | e

&%?5\‘*1\

i

e )

Lstman FESO=350mm

W Iling capaity (%) = AN A+B)

 Figers 10.1 ~ Filllig Vesse! Tost Apparatng

A0S Toterpretation of résult

Il tiie SCC Dows ag. freely as' wulcr. At it w:l! e Imrrwmal, 0. akcmi,u i‘slimg PerTittige = '

R 1] pereent. Thegefois, thisisuror lh:s vest visdivis, the 'fillivig Betght,”is to 100 pereunt, thie beotior ijm
ﬁl[mg alulity ch:rraclmstmx er the ﬂul‘ )

_ .chr&mﬁiﬂ\fnlmafmIhﬂla’:a{xulf{num!nhumg ' i LT
.+ Cencire i PCT e ot S Al Al 2t
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APPENDIX 7

Filling Ability Test

HRWR-6 HRWR-9

VMA-1
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Slump Flow Test

HRWR-12
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Segregation Index Test




Fresh Concrete

Concrete without HRWR

Concrete with HRWR
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Concrete with less segregation

90



Porosity Test

Vacuum Saturation Apparatus

Weigh in air

Sample submerged into water for saturation

Weigh in water
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