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Abstract— Mineral admixtures such as ground granulated
blast-furnace slag (GGBS), fly ash and silica fume are
commonly used in concrete because they improve durability
and reduce porosity as well as improve the interface with the
aggregate. The lower cement requirement leads to a reduction
for CO2 generated by the production of Portland cement. One
among these special concretes is the GGBS concrete which is
emerging as one of the new generation construction materials
in producing high strength and performance concrete for
special structures. Our task is to enhance the strength,
durability and reduce the cost than the convention. The use of
admixture is not only to increase the durability but also to
obtain concrete with desired characteristics such as high
compressive strength, high workability and high performance
concrete al concrete .The experimental work is carried out to
investigate the optimum percentage of GGBS to replace
cement effectively. An attempt is made to replace cement
with GGBS with an interval of 0,25% ,50% and silica fume
by constant proportion for minimum grade concrete i.e., M30
andis tested for fresh and hardened properties to identify the
optimum. percentage of GGBS. Concrete mixtures were
produced, tested Compression test to know the strength of
the concrete at different replacement percentages and also
determine chloride attack test and sulphate attack test.
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I. INTRODUCTION

High performance concrete is a concrete mixture, which
possess high durability and high strength when compared to
conventional concrete. This concrete contains one or more of
cementious materials such as fly ash, Silica fume or ground
granulated blast furnace slag and usually a super plasticizer.
The term ‘high performance’ is somewhat pretentious
because the essential feature of this concrete is that it’s
ingredients and proportions are specifically chosen so as to
have particularly appropriate properties for the expected use
of the structure such as high strength and low permeability.
Hence High performance concrete is not a special type of
concrete. It comprises of the same materials as that of the
conventional cement concrete. The use of some mineral and
chemical admixtures like Silica fume and Super plasticizer
enhance the strength, durability and workability qualities to a
very high extent.

High Performance concrete works out to be
economical, even though it’s initial cost is higher than that of
conventional concrete because the use of High Performance
concrete in construction enhances the service life of the
structure and the structure suffers less damage which would
reduce overall costs.

Concrete is a durable and versatile construction
material. It is not only Strong, economical and takes the shape
of the form in which it is placed, but it is also aesthetically
satisfying. However experience has shown that concrete is
vulnerable to deterioration, unless precautionary measures

are taken during the design and production. For this we need

to understand the influence of components on the behavior of

concrete and to produce a concrete mix within closely

controlled tolerances.

The conventional Portland cement concrete is found deficient

in respect of:

— Durability in severe environs (shorter service life and
frequent maintenance)

—  Time of construction (slower gain of strength)

— Energy absorption capacity (for earthquake resistant
structures)

— Repair and retrofitting jobs.

Il. EXPERIMENTAL WORK

Two different kinds of admixtures for ultra-high performance
concrete (namely, high reactivity metakaolin and silica fume)
were used separately with three different steel fibers ratios
(2.0 %, 1.5% or 2.0%) for each mix. Therefore the total
number of UHPC mixes considered in this experimental
investigation was six. From each specific UHPC mix, three
cubes (50 mmx50 mmx 50 mm) are tested under uniaxial
compression to assess the compressive strength of UHPC at
3,7, and 28 days of age.

A. Materials

1) Cement Sulfate resisting portland cement

Cement Sulfate resisting portland cement is usually used in
UHPC because it contains low C3A content. Independent of
other variables, mixes with cement of low C3A content
always require lower w/c ratios as compared to mixes with
ordinary cement. Sulfate resisting portland cement
manufactured in the Kingdom of Saudi Arabia named "Al-
Shargiya Cement" was used in this investigation. The
chemical test of this type of cement was carried out by the
National Center for Construction Laboratories and Research
(NCCLR), and the results of the test indicate that the chemical
compositions of the used cement conformed to the ASTM
standard specification for Portland cement.

2) Fine aggregate

Al-Ekhaider natural sand of 4.75mm maximum size was used
as fine aggregate. Results indicate that fine aggregate grading
is within the requirements of the B.S. 882/1992 specification.
For UHPC, very fine sand with maximum size 600um was
used. This sand was separated by sieving, its grading satisfied
the fine grading in accordance with the B.S. specification No.
882/1992.

3) Steel fibers

Straight brass coated steel fibers 13 mm long with a diameter
of 0.18 mm and an aspect ratio of 72 were used throughout
the experimental program. A thin brass coating was applied
to the fibers during the drawing process; therefore, virgin
fibers were gold-colored. This coating disappeared during the
mixing process and was no longer clearly visible during the
casting of the UHPC.
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4) Mixing water Ordinary tap water

Mixing water Ordinary tap water was used for mixing and
curing all the concrete specimens considered in this research.
5) Mineral admixtures Mineral admixtures

Mineral admixtures Mineral admixtures are finely ground
solid materials that are used to replace part of the cement in a
concrete mixture. These materials react chemically with
hydrating cement to form a modified paste microstructure.
These admixtures improve concrete workability, mechanical
properties, and durability. Two types of mineral admixtures
were used in this research: High Reactivity Metakaolin
(HRM) and Silica Fume (SF).

a) High reactivity metakaolin (HRM)

Metakaolin is one of the most abundant natural minerals
which produced by heat-treating kaolin,. Kaolin is a fine,
white clay that has traditionally been used in the manufacture
of porcelain. The term kaolin is derived from the name of
metakaolin which typically contains 50-55% SiO2 and 40-
45% AI203. Other oxides are also present but in small
amounts such as Fe203, TiO2, CaO, and MgO. Metakaolin
particles are generally one-half to five microns in diameter,
an order of magnitude smaller than cement grains and larger
than silica fume particles. Metakaolin is white in color.

b) Silica fume (SF)

A white undensified Silica Fume (SF) with Blaine fineness
about 200(m2 /g) is a pozzolanic material which has a high
content of amorphous silicon dioxide and consists of very fine
spherical particles. It reacts with calcium hydroxide Ca (OH)
2, producing calcium silicate hydrate (secondary gel). It is
added as partial replacement by weight of cement.

6) Chemical admixture

A high performance concrete superplasticizer (or named High
Range Water Reduction Agent HRWRA) based on
polycarboxylic technology, Structuro 335 in combination
with Structuro 480, are high performance cohesion agent
especially designed to ensure a good consistency and stability
in concrete.

B. Concrete mixes

In order to study the influence of the different mixture ratios
on the mechanical properties of Ultra High Performance
Concrete, the following aspects have been considered; a) Two
types of mineral (pozzolanic) admixtures [namely: High
Reactivity Metakaolin (HRM) and Silica Fume (SF)]. b)
Three proportions of steel fibers (1.0%, 1.5%, 2.0%) for each
type of mineral admixture. This gives six different mixes
which were used in this investigation as shown in Figure-1.

HRMI mix: 1.0% fber

Silica Fome | ——(SF L mix: 1.0% fber ]
8 | T 1
L {SF3 mix: 2 0% fiber ]

Fig. 1: Mixes studied in the present investigation.

C. Compressive Strength Test

The compression tests were carried out on a standard 50 mm
cubic specimens tested after curing at the ages of 3, 7, and 28
days for each mix. The average of three cubes was adopted
for each age. The testing procedure was carried out using an
Averey-Dension 2000kN capacity compression testing
machine. Test results for compressive strength of various
mixes of Ultra High Performance Concrete investigated in
this study were summarized.

I1l. RESULTS
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Fig. 2: Stress-strain curve foo different ultra-high
performance concrete mixes.
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Fig. 3: Experimental and numerical load-deflection behavior
of HPC beams.
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Fig. 4: Experimental and numerical load-deflection behavior
of HPC beams
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Concrete

EC Young’s modulus (MPa) 40500

fc Compressive strength (MPa) 144

f Tensile strength (MPa)* 35

v, Poisson’s ratio* 0.2

Longitudinal and stirrups reinforcement

E, Young’s modulus (MPa)* 200000

f, Yield stress (MPa) 400

\A Poisson’s ratio* 0.3

Avrea of single longitudinal bars
A g 12.6
(mm)
Stress-strain relationship for concrete in compression
Strain Stress(MPa)

Pol'”t 0.0016 64.8
Poz'“t 0.00212 84.10
P°3!“t 0.00264 101.13
Pont 0.00316 116.56
e 0.00368 130.77
P°6'm 0.0042 144
Paint7 0.005 144

Table 1: Material properties and material parameters used
for HPC thin beam

IV. CONCLUSIONS

Depending on the results of the tests carried out on different

HPC mixes, and based on the analysis, discussions, and

comparisons with corresponding theoretical predictions, the

following conclusions can be drawn:

1) For all HPC mixes, a great percentage of compressive
strength was obtained at early ages of concrete, and that
was because of the steam treatment adopted in this study.
Results exhibit high compressive strengths for all HPC
mixes but with some differences in values due to the
variables adopted in these HPC mixes. In general, HPC
mixes with silica fume (SF) showed the highest value of
cube compressive strength at different ages and for
different steel fibers volume fraction;

2) Increasing the steel fibers volume fraction will increase
the cube compressive strength for different pozzolanic
admixture. The results show that the cube compressive
strength of HPC will be increased by not more than 5%
when the percentage of fibers in the mix is increased
from 1.0 % to 2.0%;

3) In general, the results obtained using the finite element
models represented by the load midspan deflection
curves show good agreement with the experimental data
of deep beam (B1) considered in this study. The
difference between the numerical ultimate loads and the
corresponding experimental ultimate loads for deep
beam (B1) and thin beam (B2) are 3% and 4%
respectively;

4)

5)

(1]

(2]

(3]

[4]

[5]

The experimental results for the compressive stress-
compressive strain relationships of different UHPC
mixes, showed that for any value of strain, the value of
stress is highest for UHPC mixes using (SF), and lowest
for UHPC mixes using (HRM); and

The amount of fibers in an UHPC mix was found to have
little effect on the ascending part of the compressive
stress - compressive strain relationship but clear
differences were obtained for the descending part of the
relationship.
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