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EXECUTIVE SUMMARY

The objective of this research is to develop a US/Midwest specific guide for design and
use of. self-consolidating concrete for bridges. The procedures are based on the
technology currently used in Europe (the Netherlands) and Japan. The research work
involves the development of mixing requirements and specification of the components.
The properties of the mix and hardened concrete were tested at the University of
Michigan laboratories. The SCC mix was developed using US/Midwest ingredients
(cement, aggregates, water) and specific admixtures and plasticizers available on the US
market. The fresh concrete mix was tested to establish required deformability, flowability
and segregation resistance properties. The hardened concrete was tested to find all
mechanical properties required by the American standards in general, and in particular
those specific for bridge construction.

The research program involved the review of the available documentation and experience
gained by the European and Japanese researchers and construction companies. The work
was done in cooperation with the American concrete supply company, Premarc, Grand
River Infrastructure, Inc. located in Grand Rapids, Michigan, which provided the
ingredients for mixing samples and shared their expertise. In addition, materials were
obtained from Master Builders, Axim and Sika.

The lab tests performed on fresh concrete include slump-flow test, V-funnel test and L-
box test. The measurements were performed to determine the air content and unit weight.
For hardened concrete, the test included compressive strength test, freeze-and-thaw test,
splitting tensile test, flexural test and test to determine the modulus of elasticity.

In the result, the recipe for the self-consolidating concrete was developed and the
required steps were described. For comparison, the lab tests were also performed on
ordinary concrete. The study showed that self-consolidating concrete offers considerable
advantages in comparison to the designed and tested ordinary concrete. The additional
cost of ingredients (mostly superplasticizers) and more strict mixing tolerances is
compensated by the superior performance and no need for use of vibrators.

* The self-consolidating concrete is directly applicable in bridge engineering practice. The
developed step-by-step description covers preparation of the SCC using local materials
such as cement powder, aggregate, water, and special admixtures that are available in
USA. The usage of SCC will shorten the construction time, it will simplify the
construction procedures (self-consolidating concrete does not require any vibration), and
it will provide a better quality material for bridges. The final product, SCC, is dense,
durable, better compacted compared with ordinary concrete, with a smaller amount of air
voids and imperfections, a smooth and finished surface, and what is very important, there
is no problem with segregation, that can occur during vibration of a regular concrete.
Therefore, SCC is a preferable material for construction of bridges. A better performance
can be expected under cyclic loading, because fatigue changes in concrete start with air
voids, imperfections, and micro-cracks caused by segregation and shrinkage. The ability
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of SCC to perfectly fill the mold makes it especially useful for on-site repairs of concrete
bridge elements.
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1. INTRODUCTION

Self-consolidating concrete (SCC) was first developed in Japan in 1988 and it has been
successfully applied to many structures in the last decade. For the last several years, SCC
has been also used in Europe (The Netherlands, Norway, France, Poland, Finland, and
other countries). SCC combines a high flowability with a high segregation resistance,
which results in the self-compactability without any consolidation work even when the .
reinforcement is very congested. The features of this new material allow for the durability
assurance of concrete structures independently from the skill of the laborers.
Furthermore, self-consolidating concrete has the possibility to reduce the construction
cost, to reduce the number of actions at the site, to shorten the construction period and to
improve the working conditions. SCC has self-compactability and can be placed in every
corner of a formwork without having to vibrate it, which sometimes may lead to
segregation. This material is recommended for use on the construction site for structural
elements with high percentage of reinforcement and for retrofitting projects, especially in
closed forms with narrow openings to pour concrete. Also, SCC is recommended in
precast plants, where it is highly effective in reducing the noise, as it requires no
vibration. Elements constructed with self- consolidating concrete have very clear, smooth
surface without any bubbles, spallings and other imperfections, which also improves
durability and slows down the degradation process.

The concrete mixture is self compactable if it shows special properties: a high
deformability and a high segregation resistance. These properties are generally lost when
concrete flowability is controlled by the amount of water. To control the deformability
and flowability, which are in contradiction, the self-consolidating concrete is specially
designed. The high deformability of concrete is obtained by adding a superplasticizer and
limiting the aggregate volume, and the high segregation resistance is obtained by keeping
the water/powder ratio low and also limiting the aggregate volume. According to
concrete design methods, there are numerous solutions for realizing self-compactability
of fresh concrete. In general, the target level of self-compactability is governed by the
type of structure where SCC is applied, but the mix design system is also influenced by
the materials used. When the SCC was invented in Japan, the adequate viscosity of the
cement paste was categorized in three types: powder type, viscosity agent type and
combination type. The design system for general purpose SCC aims at designing a high
level self-compactability of fresh concrete and at obtaining adequate properties of
hardened concrete. The mix proportion of SCC is designed in the following steps:
determination of air content, coarse aggregate volume, fine aggregate volume, water to
powder volume ratio and superplasticizer dosage.

Development of self-consolidating concrete is a very desirable achievement in the
construction industry for overcoming problems associated with cast-in-place concrete.
Self- consolidating concrete is not affected by the skill of workers, and shape and amount
of reinforcing bar arrangement of a structure. Due to high-fluidity and resisting power of
segregation of self- consolidating concrete, it can be pumped over longer distances.



. Thus, it has many different advantéges including:

- Faster construction

- Reduction in site manpower

- Better surface finishes (less time involved - improved productivity)
- Easier placing

- Improved durability

- Greater freedom in design

- Thinner concrete sections

- Reduced noise, absence of vibration

- Safer working environment

Currently, the use of self-consolidating concrete is being rapidly adopted in many
countries. Use of this concrete should overcome concrete placement problems associated
with the concrete construction industry. However, there is a need for conducting more
research and development work for.the measurement and standardization of the methods
for the evaluation of the self- consolidating characteristics of SCC.

Self-consolidating concrete with its unique properties such as the high deformability and
self-compactability is a very desirable material for bridge construction. It can be used for
precast clements as well as to pour concrete on the site. SCC can be used for new
constructions and for repairing and retrofitting existing ones. However, this material,
when used for bridge construction, has to meet specific requirements such as AASHTO
Specifications for materials and criteria for strength requirements according to ACI 214-
77 (R 97), Recommended Practice for Evaluation of Strength Test Results of Concrete.

Design procedures and mix proportions established in Japan and Europe (Netherlands),
have to be adjusted to US/Midwest ingredients (cement, aggregates, water, plasticizers
and stabilizers), and design and manufacturing practice. SCC used on bridges has to
fulfill some special requirements including freeze-and-thaw resistance, low shrinkage and
repeated loading resistance. These properties can be controlled by an adequate value of
air content, water/powder ratio and viscosity modifying admixtures. Further research is
required to clarify the mechanism of self-compactability in regard to strength and
durability of this concrete. There is a need for adjustment of the design system to be more
suitable for the US conditions.

This report describes the research program including background analysis and lab tests
carried out by the University of Michigan research team.

1.1 DEFINITIONS

For the purpose of this report, the following definitions should apply:

* Admixture: Material added during the mixing process of concrete in
small quantities related to the mass of cement to modify the properties of
fresh or hardened concrete ( e.g. superplasticisers ).



 Filling ability: the ability of SCC to flow into and fill completely all
spaces within the formwork, under its own weight.

* Mortar: the fraction of the concrete comprising paste plus those
aggregates less than 0.158 in. (4 mm).

* Passing ability: the ability of SCC to flow through tight openings such as
spaces between steel reinforcing bars without segregation or blocking.

* Powder or fines: Material of particle size smaller than 0.049 in (0.125
mm). It will also include this size fraction of the sand.

* Self-Consolidating Concrete (SCC): Concrete that is able to flow under
its own weight and completely fill the work-form, even in the presence of
dense reinforcement, without the need of any vibration, whilst maintaining
homogeneity.

* Segregation resistance (stability): the ability of SCC to remain
homogenous in composition during the transport and placing.

* Workability: a measure of the ease by which fresh concrete can be placed
and compacted: it is a complex combination of fluidity, cohesiveness,
transportability and stickiness.

These brief definitions lead to the emphasis of the materials properties investigated
during this research, as well as to properties of freshly mixed concrete.



2. RESEARCH OBJECTIVES

The objective of the proposed research is to develop a US/Midwest specific guide for
design and use of self-consolidating concrete for bridges. The procedures are based on
the technology currently used in Europe (the Netherlands) and Japan. The research work
involves the development of mixing requirements and specification of the components.
The properties of the mix and hardened concrete were tested at the University of
Michigan laboratories. The SCC mix was developed using US/Midwest ingredients
(cement, aggregates, water) and specific admixtures and plasticizers available on the US
market. The fresh concrete mix was tested to establish required deformability, flowability
and segregation resistance properties. The hardened concrete was tested to find all
mechanical properties required by the American standards in general, and in particular
those specific for bridge construction.

The research program involved the review of the available documentation and experience
gained by the European and Japanese researchers and construction companies. The work
was done in cooperation with the American concrete supply company, Premarc, Grand
River Infrastructure, Inc. located in Grand Rapids, Michigan, which provided the
ingredients for mixing samples and shared their expertise. In addition, materials were
obtained from Master Builder, Axim and Sika.



3. MATERIAL PROPERTIES

In order to fully understand the behavior of a self-consolidating concrete, a thorough
knowledge of the characteristics of its components is required. Since self-consolidating
concrete, as a conventional concrete, is composed of a number of constituent materials, a
discussion of the function of each of these components is essential before developing a
new recipe. As a result, this section presents a short description of the constituent
materials of concrete.

3.1 AGGREGATES

[t is important to determine the mechanical and physical properties of the aggregates used
in the development of the self-consolidating concrete. Indeed, aggregates occupy 70-80%
of the volume of conventional concrete and therefore have an important influence on the
final concrete properties. For self-consolidating concrete, this proportion falls between
55% and 65% but aggregates still influence largely the fresh and hardened concrete
properties. Aggregates are classified in two main categories such as fine aggregates and
coarse aggregates. While coarse aggregates are retained on the No. 4 sieve (4.75 mm),
fine aggregates pass the sieve.

Aggregates influence mechanical and physical properties of concrete. Shape and texture
of the fine aggregate affect the workability, whereas the characteristics of the coarse
aggregate affect the mechanical bond. Shape can also affect strength (especially tensile
strength) by increasing the surface area available for bonding with the paste. Rough
textured surfaces improve mechanical bond. Also, particle size distribution is an
important characteristic because it determines the paste requirements for workable
concrete. From an economical point of view, the smallest amount of paste is the best
since cement is known as the most expensive constituent of concrete. Therefore, the
intrinsic properties of the aggregates need to be determined.

3.1.1 Sieve Analysis

The amount of paste depends on the amount of void space between the particles that must
be filled, and the total surface area of the aggregate that must be coated with paste. Figure
I illustrates the influence of various aggregate gradations on the paste requirements.

The grading of the aggregate supply is determined by a sieve analysis. A stack of sieves
is used to find the gradation of a representative sample of aggregate. This representative
sample of aggregate is obtained in accordance with ASTM Standard D75.
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The test procedure is described by ASTM Standard C 136. Different sieves are stacked
upon each other to form a column going from the largest sieve to the smallest sieve (see
Figure 2). Table 1 summarizes the sieve sizes and their use (coarse or fine aggregate).

Table 1 ASTM Sieve Sizes Commonly Used for Sieve Analysis of Concrete Aggregates

ASTM Sieve Designation

(mm) (in)
Coarse Aggregates 75.0 3
63.0 2%
50.0 2
37.5 1Y
25.0 I
19.0 Ya
12.5 Y
9.5 3/8
Fine Aggregates 4.75 No. 4
2.36 No. 8
1.18 No. 16
600 pm No. 30
300 um No. 50
150 pm No. 100

After completing a sieve analysis (according to ASTM C 136), the weight of aggregate
retained on each sieve is expressed as a percentage of the total weight of the sample. This
is then used to calculate the cumulative percentage retained on each successive sieve or
the cumulative percentage passing on each sieve. These numbers can then be plotted
graphically against sieve size to give a grading curve. It is customary to use cumulative
percentage passing on the ordinate. The successive standard sieve sizes are plotted along
the abscissa. ASTM C33 sets grading limits for fine and coarse aggregates based on
practical experience. These limits are summarizes in Tables 2 and 3, for coarse and fine
aggregates respectively. The grading curves are shown on Figure 3, for both coarse and
fine aggregates. If an aggregate does not conform to the ASTM C 33 grading limits, it
does not necessarily mean that concrete cannot be made with the aggregate. However, it
does mean that the concrete may require more paste and is more liable to segregate
during handling and placing.

As can be seen in Tables 2 and 3, and in Figure 3, the provided aggregates used in this
project do conform to ASTM C 33 grading limits. Also, ASTM C 33 requires the
fineness modulus of fine aggregates to lie between 2.3 and 3.1. From Table 3, the fine
aggregates fineness modulus is 2.78 and therefore satisfies this requirement. The fineness
modulus is used to check the uniformity of grading. When a fineness modulus is a small
number, it indicates a fine grading, whereas a large number indicates a coarse material.



Table 2 Project Specific Coarse Aggregates Sieve Analysis

Amount Cumulative Cumulative
Retained Amount Amount ASTM C 33
Sieve Size (%) Retained (%) Passing(%) Grading Limits
25 mm (17) 0.0 0.0 100 100
19 mm (3/4”) 0.2 0.2 99.8 90-100
12.5 mm (1/2”) 47.5 47.7 52.3
9.5 mm (3/8”) 29.0 76.7 23.3 20-55
4.75 mm (No. 4) 21.5 98.2 1.8 0-10
% =223

+ 500 (from fine sieves No. 8 to No. 100)

Nominal Maximum Size = 19 mm
Fineness Modulus = 723/100 = 7.23

Table 3 Project Specific Fine Aggregates Sieve Analysis

Amount Cumulative Cumulative
Retained Amount Amount ASTM C 33
Sieve Size (%) Retained (%) Passing(%) Grading Limits
4.75 mm (No. 4) 1.4 1.4 98.6 95-100
2.36 mm (No. 8) 17.1 18.4 81.6 80-100
1.18 mm (No. 16) 14.5 33.0 67.0 50-85
0.6 mm (No. 30) 19.0 52.0 48.0 25-60
0.3 mm (No. 50) 25.7 77.7 22.3 10-30
0.15 mm (No. 100) 17.6 95.3 4.7 2-10
2=278

Fineness Modulus =278/100 = 2.78

3.1.2 Moisture Content

Since aggregates contain some porosity, water can be absorbed into the body of the
particles. Also, water can be retained on the surface of the particle as a film of moisture.
Therefore, it is necessary to have information about the moisture content. Indeed, if the
aggregates have a tendency to absorb water, it will therefore be removed from the paste
so that the water-cement ratio is effectively lowered and the workability of the concrete
decreased. On the other hand, if excess water is present in the aggregate surfaces, extra
water will be added to the paste and the w/c ratio of the concrete will be higher than
desired.
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Figure 3 Coarse and Fine Aggregates Grading Curves, Including ASTM C 33 Grading Limits

To define the moisture of the aggregates, it is convenient to define four moistures states
of the aggregate as shown in Figure 4:

- Oven-Dry (OD): all moisture is removed from the aggregate by heating in an
oven at 105°C to constant weight. All pores are empty.

- Air-Dry (AD): all moisture is removed from the surface, but internal pores are
partially full.

- Saturated-Surface-Dry (SSD): all pores are filled with water, but there is no
film of water on the surface.

- Wet: all pores are completely filled with water with a film of water on the

surface.
0 (@] [ [~ [ ®
o Oo > 96 @ e-
Oven-Dry Air-Dry Saturated Wet
surface dry

[ Absorption o

I capacity T
[ Effective L Surface |
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Figure 4 Moisture States of Aggregates



Of these four states, only. two states (OD and SSD) correspond to specific moisture
contents, and either of these states can be used as reference states for calculating moisture
content. The SSD state is the better reference state because it represents the “equilibrium”
moisture state of the aggregate in the concrete; that is, the aggregate will neither absorb
water nor give up water to the paste. However, it is not easy to obtain a true SSD
condition since it requires skill and practice. For this reason, this report summarizes the
results from the Oven-Dry standpoint. Moreover, both the fine and coarse aggregates
- used in this project were in the OD state since they were stored in a warm storage area for
an extended period of time.

For the purpose of this report, it is convenient to define two quantities. These quantities
are the absorption capacity, and the surface moisture. Absorption capacity, A, represents
the maximum amount of water the aggregate can absorb. It is calculated from the

difference in weight between the SSD and OD states, expressed as a percentage of the
OD weight:

4= =Won 1000,
oD
where Wssp and Wop represent the weight of the aggregate sample in the SSD and OD
states, respectively. Most normal-weight aggregates (fine and coarse) have a absorption
capacities in the range of 1 to 2%. Abnormally high absorption capacities indicate high-
porosity aggregates, which may have potential durability problem. One should also may

attention to pore size distribution as it is very important as far as freeze-and-thaw
resistance is concerned.

The surface moisture (SM) represents water in excess of the SSD state, and it is
expressed as a fraction of the SSD weight:

w..—W.
SM = 5P « 100%

SSD
It is used to estimate the additional water required during the mix. The aggregates used in
this project were in the OD state; therefore, the surface moisture was zero.

Absorption and surface moisture have been determined in accordance to ASTM
Standards C 127 for coarse aggregates and C 128 for fine aggregates. Obtained results are
summarized in Table 4 for both fractions of aggregates used in the project. The testing
procedures are not described in this report.

3.1.3 Specific Gravity

Even though the mix design for this specific project is not done in accordance to any mix
design procedures commonly utilized for ordinary concrete (for example ACI 211), it is
always interesting to establish the weight-volume relationships. Densities are determined
by displacement in water, specific gravities are naturally and easily calculated and can be
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used with any systems of units. The bulk specific gravity (BSG) is a realistic value to use
since the effective volume that is occupied by aggregates in concrete includes the pores.
The bulk specific gravity is defined as follows:

BSC = weight of aggregate (solid + pores)

weight of water displaced

The BSG of most rocks is in the range 2.5 to 2.8. A value well below this range is an
indication of high porosity. The BSG of an aggregate cannot be directly related to its
performance in concrete, and thus is usually not a specified quantity. However, the
densities of aggregates do relate partly with the density of concrete.

The bulk specific gravities of the employed aggregates have been obtained in accordance
with ASTM standard C 127 for coarse aggregates and C 128 for fine aggregates. The

obtained results are summarized in Table 4. The testing procedures are not described in
this report.

3.1.4 Unit Weight

Unit weight (UW) can be defined as the weight of a given volume of graded aggregate.
The unit weight effectively measures the volume that the graded aggregate will occupy in
concrete and includes both the solid aggregate particles and the voids between them. The
unit weight is simply measured by filling a container of known volume and weighting it
as described in ASTM standard C 29. The degree of compaction will influence the
amount of void and therefore the unit weight. ASTM standard method calls for
compaction by rodding. Moisture is also a parameter influencing the unit weight as
shown in Figure 4. Consequently, ASTM standard method also calls for a moisture state
as oven-dry. The unit weights of both fine and coarse normal-weight aggregates falling

between the ASTM grading limits are generally in the range of 90 to 110 Ibs/ft’ (1450 to
1750 kg/m?).

Unit weights for fine and coarse aggregates have been determined in accordance with
ASTM Standard C 29. The obtained results are summarized in Table 4. The testing
procedure is not described in this report.

Table 4 Physical Properties of the Aggregate Fractions

Specific Wate? Sufface Upit Fineness
‘ Gravity Absorption Moisture Welgl}t Modulus
Aggregate Fractions (%) (%) (kg/m’)
Fine Aggregate 2.65 1.2 0 1750 2.78

Coarse Aggregate 2.70 | 0 1600 7.23
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3.2 CEMENT

Portland cement is made of finely powdered crystalline minerals composed primarily of
calcium and aluminum silicates. The addition of water to these minerals produces a paste
that, when hardened, becomes of stone-like strength. Its specific gravity ranges between
3.12 and 3.16 and it weights 94 lbs/ft’, which is also the unit weight of a commercial sack
or bag of cement. The main raw materials that Portland cement is composed of are:

- Lime (CaQ), from limestone
- Silica (S10y), from clay
- Alumina (AL,O3), from clay

Table 5 summarizes the chemical composition of typical Portland cement along with
weight percentage of each of cement compounds. Iron oxide is occasionally added to the

mixture to aid in controlling its composition.

Table 5 Composition of Portland Cement with Chemical Composition and Weight Percent

Cement Compound Weight Percentage Chemical Formula
Tricalcium silicate 50 % Ca3Si0s or 3Ca0'SiO;
Dicalcium silicate 25 % CaySi04 or 2Ca0'Si0,
Tricalcium aluminate 10 % Ca3;AlLOg or 3Ca0 Al,O4
Tetracalcium aluminoferrite 10 % CasAlFe g or 4Ca0O AlLO3Fey04
Gypsum 5% CaS042H,0

The strength of cement is the result of a process of hydration. This chemical process
results in recrystallization in the form of interlocking crystals producing the cement gel,
which has high compressive strength when it hardens. Table 6 shows the relative
contribution of each component of the cement toward the rate of gain in strength. The
early strength of Portland cement is higher with higher percentage of C3S. If moist curing
is continuous, later strength levels will be greater, with higher percentage of C,S. C;A
contributes to the strength developed during the first day after placing the concrete
because it is the earliest to hydrate.

Table 6 Contribution of Each Component of Portland Cement

Component Rate of Heat Ultimate Cementing
Reaction Liberated Value
Tricalcium Silicate C3S Medium Medium Good
Dicalcium Silicate C,S Slow Small Good
Tricalcium Aluminate C3A Fast Large Poor
Tetracalcium Aluminoferrate C4AF Slow Small Poor

12



When Portland cement combines with water during setting and hardening, lime is
liberated from some of the compounds. The amount of lime liberated is approximately
20% by weight of the cement. Under unfavorable conditions, this might cause
disintegration of a structure owing to leaching of the lime from the cement. Such a
situation can be prevented by addition to the cement of a silicious mineral such as
Pozzolan or fly ash. The latter is added to the mix; therefore, the properties of fly ash are
described hereafter.

For the purpose of the study, ASTM Type I Cement (provided by HOLCIM) was used
throughout. This type of cement was chosen because it is the most commonly used type
of cement and because no special properties were needed or specified. It was also an
intention of the research to later compare the conventional concrete made with Type I
cement with the developed SCC concrete.

3.3 FLYASH

Fly ash is a fine inorganic material with pozzolanic properties, which can be added to
SCC to improve its properties. Fly ash is a by-product of pulverized coal blown into a fire
furnace at a power generating plant. Coal, ground to the consistency of flour ignites when
blown into the furnace and a certain amount of non-burnable material residue remains as
either slag or airborne particles, known as fly ash. The airborne particles are removed by
mechanical collectors, electrostatic precipitators, or wet scrubbers.

Fly ash looks very similar to cement in appearance. However, when magnified, fly ash
will appear as spherical particles, similar to ball bearings, whereas cement appears
angular, more like crushed rock. Fly ash has cementitious qualities and, therefore, can be
used as a replacement of a portion of the cement in a concrete mix. Placement and
finishing of concrete made with fly ash is easier due to the spherical shape of the fly ash,
which acts somewhat like a lubricant.

The flv ash used in this project is a Type C fly ash provided by HOLCIM.

Concrete made with Type C fly ash (as opposed to Type F) has higher early strengths
because it contains its own lime. This allows pozzolanic activity to begin earlier. At later
ages, Type C behaves very much like Type F - yielding higher strengths than
conventional concrete at 56 and 90 days. One distinct advantage of using fly ash in the
manufacturing of concrete is the greater density of the concrete. Other advantages of
using flv ash in concrete mixes are numerous:

e Improves workability.

e [mproves sulfate resistance.

¢ Increases resistance to freezing and thawing.
* Increases cohesiveness.

¢ Improves long-term strength.

* Reduces the water content of the mix.
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¢ Reduces the heat of hydration.
e Decreases permeability.
e Resists alkali-aggregate reaction.

Fly ash is added to the self-consolidating concrete mix, but some additive is still needed
to ensure the self-consolidating properties. This additive is called superplasticizer.

3.4 SUPERPLASTICIZERS

Superplasticizers belong to a class of water reducers chemically different from the normal
water reducers and capable of reducing water contents by about 30%. The admixtures
belonging to this class are variously known as superplasticizers, superfluidizers,
superfluiddiers, superwater reducers, or high range water reducers. They were first
introduced in Japan in the late 60°s and in Germany in early 70’s. In North America they
were used from 1974. It is now common practice to use these additives to improve the
flowability and extend the working time of fresh concrete. The use of the first generation
superplasticizers  (sulfonated naphthalene formaldehyde, NSF, and modified
lignosulfonates, LSs) resulted in significant improvements in the properties of fresh
concrete, and they are still widely used. However, increasing demands for better
flowability, extended working time, and a reduction in concrete porosity have created a
need for superplasticizers with improved performance.

Polycarboxylate Ether (PCE) superplasticizers represent a major breakthrough in
concrete technology as they can provide up to 40% water reduction and impart
tremendous workability that can be extended without the undesirable effects of

retardation and segregation. Among others, the main advantages of PCE superplasticizers
in concrete are as follows:

¢ Higher flowability without segregation

¢ Increased slump but better slump retention

» Higher early compressive strengths (allows earlier removal of forms)

e Higher ultimate strengths (allows for structural economies)

¢ Water/cement ratio reduced (concrete more durable, dense)

¢ Better impermeability to reduce sulfate attack and salt penetration

e Rheology Controlled

* No increase of corrosion (PCE superplasticizers . do not contain

formaldehyde, calcium chloride, or any other intentionally added
chlorides) :

In this project, three types of superplasticizers have been investigated and Table 7
summarizes their origins and their producers.
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Table 7 Different Superplasticizers Utilized in the Project

Name of the superplasticizer Producer Type
GLENIUM 3200 HES Master Builders Polycarboxylate Ether
VISCOCRETE 5000 Sika Polycarboxylate Ether
ALLEGRO 122 Axim Polycarboxylate Ether

A dosage of 1-2% by weight of cement is advisable. It should be noted that the
superplasticizers exert their action by decreasing the surface tension of water and by
equidirectional charging of cement particles. The particular dosage of the different
superplasticizers will be discussed later in this report.

3.5 WATER

Water is required in the production of concrete in order to precipitate chemical reaction
with the cement, to wet the aggregates, to lubricate the mixture for easy workability.
Normally, drinking water can be used in mixing. Water having harmful ingredients,
contamination, silt, oil, sugar, or chemicals is disruptive to the strength and setting
properties of cement. It can disrupt the affinity between the aggregate and the cement
paste and can adversely affect the workability of a mix.

Since the character of the colloidal gel or cement paste is the result only of the chemical
reaction between cement and water, it is not the proportion of water relative to the whole
mixture of dry materials that is of concern, only the proportion of water relative to
cement (water/cement ratio). Excessive water leaves an uneven honeycombed skeleton in
the finished product after hydration has taken place, while little water prevents complete
chemical reaction with the cement. The product in both cases is a concrete that is weaker
than or inferior to normal concrete.



4. FRESH CONCRETE TESTING

Self-consolidating concrete is defined as a concrete that is characterized by a very good
deformability, good resistance to segregation, and ability to fill between heavily
reinforced areas without applying vibration. Consequently, the properties of fresh
concrete play a very important role.

It is assumed that concrete can be classified as self-consolidating concrete when the
requirements regarding density, strength development, final strength and durability are
fulfilled. The three following characteristic must be satisfied for a concrete mix to be
categorized as a self-consolidating concrete.

e Filling ability

e Passing ability

e Segregation resistance
In this report, all these characteristics have been investigated in order to establish the
validity of the recipe.

Many different test methods have been developed in attempts to characterize the
properties of SCC. So far, no single method or combination of methods has achieved
universal approval and most of them have their adherents. Similarly, no single method
has been found that characterizes all the relevant workability aspects. Therefore, each
mix design should be tested by more than one test method for the different
workability parameters.

Commonly used test methods for the different pafameters are reported below:

Method Property

e  Slump-flow by Abrams cone . Filling ability

e Tspem slump-flow Filling ability

e J-ring Passing ability

e V-funnel Filling ability

o V-funnel at Tsminutes Segregation resistance
e l.-box Passing ability

e U-box : Passing ability

e Fill-box Passing ability

s GTM screen stability test Segregation resistance
e  Orimet Filling ability

For the initial mix design of SCC all three workability parameters need to be assessed
to cnsure that all aspects are fulfilled. A full-scale test should be used to verify the
self-consolidating characteristics of the chosen mix for a particular application.

Regarding workability, there are few requirements’ that are to be fulfilled at the time of

placing. Also, likely changes in workability during the transport should be taken into
account during production.
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Typical acceptance criteria for self-consolidating concrete with a maximum aggregate size
up to 20 mm are shown in Table 8.

Table 8 Acceptance Criteria for Self-Consolidating Concrete

Typical range of values

Method Units Mimimum Maximum

1 Slump-flow by Abrams cone [mm] 650 800
2 Tseem Slump flow [sec] 2 5

3 J-ring [mm] 0 10
4 V-funnel [sec] 6 12
5 Time increase, V-funnel at Tsy;, [sec] 0 +3
6 L-box [ha/hy] 0.8 1.0
7 U-box [mm)] 0 30
8  Fill-box [%] 90 100
9  GTM Screen stability test [%] 0 15
10 Orimet [sec] 0 5

These typical requirements shown for each test are based on current knowledge and
practice. Values outside these ranges may be acceptable if the producer can
demonstrate satisfactory performance in the specific conditions; e.g., large spaces
- between reinforcement, layer thickness less than 500 mm, short distance of flow from
point of discharge, very few obstructions to pass in the formwork, very simple design
of formwork, etc.

Special care should always be taken to ensure no segregation of the mix is likely as, at
present, there is not a simple and reliable test that gives information about segregation
resistance of SCC in all practical situations.

For the purpose of this study, the following testing methods were used:
e Slump-flow by Abrams cone
®  Tsoem slump-flow

e V-funnel
® V—funnel at ’[‘Sminu[cs
° L—bOX

* Air content
e Unit weight

4.1 SLUMP-FLOW TEST AND Tsocn TEST

The purpose of these tests it to determine the time taken for the concrete to reach the 50
cm spread circle and to measure the final diameter of the concrete in two perpendicular
directions. These tests are evaluated in the absence of obstructions.
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Apparatus:
* Cone with the internal dimensions 200 mm diameter at the base,
100 mm diameter at the top and a height of 300 mm, see Figure 5,
» Base plate of a stiff non absorbing material, at least 700mm square, marked with a

circle marking the central location for the slump cone, and a further concentric
circle of 500mm diameter,

s Trowel,
e Scoop,
e Ruler,

e Stopwatch (optional),

Slump Cone

Flow Table

50cm

100cm

Figure 5 Slump Flow

Procedure:

Level the base plate,
Place the slump cone centrally on the base and hold down firmly,
Fill the cone with concrete, to strike off the concrete level use trowel,
Remove any surplus concrete from around the base of the cone,
Raise the cone and allow the concrete to flow out,
- at the same time start the stopwatch and record the time when concrete
reaches the 500 mm spread circle

Measure the final diameter of the concrete in two perpendicular directions and
calculate the average value,

Interpretation of result:

Depending on the slump flow, the concrete has greater or more limited capability to fill
up formwork under its own weight. For Self-Consolidating Concrete the value of at
least 650mm is required, but there is no generally accepted advice on what are
reasonable tolerances about a specified value. Figure 6 shows a typical slump flow of

SCC.
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Figure 6 Typical Slump Flow of SCC

According to recent research, it can be assumed that a reasonable value for the
diameter for the civil engineering applications is between 650 and 800 mm.

The next value that is measured and has to be taken into account is time taken for
concrete to reach the 500 mm spread circle. A lower time indicates greater flowability.
Typically, an acceptable time is 2-5 or 3-7 seconds, depending on the application.

4.2 V-FUNNEL

The described V-funnel test is used to determine the filling ability (flowability) of the
concrete with a maximum aggregate size of 20mm. The test was developed in Japan
and used by Ozawa. The equipment consists of a 