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ABSTRACT: Self-compacting concrete (SCC) is concrete that simultaneously has three characteristics:
the ability to flow under its own weight, fill the entire mold space, and create a dense and relatively
homogeneous mixture without the need for compaction. Slag from the Ahvaz Steel Plant was used. This
slag has a significant difference in its chemical composition from common slags in the world, and for
this reason, it was used in the manufacture of SCC. In the manufacture of samples, 25%, 35%, 45%,
50%, and 60% of slag powder replaced part of the cement, and the samples were tested at ages of 28, 56,
91, and 120 days. Concrete rheology tests including slump flow, V-funnel, and L-box were performed.
Compressive strength and static modulus of elasticity (EC) tests were performed, and durability tests
including electrical resistance, water penetration depth, and volumetric water absorption were performed.
According to the tests performed, the optimal percentage of powder used was determined to be 25%. The
slump test of the sample containing the optimal percentage of slag powder showed an increase of 14%
compared to the reference sample. In the compressive strength test, the samples containing the optimal
percentage of slag powder showed an increase of 4% compared to the reference sample at the age of 120
days. The results showed an increase in the water penetration depth and the volumetric water absorption
percentage by 4%. The EC of the samples containing the optimal percentage of slag powder increased
by 4.8% compared to the reference sample at the age of 120 days. The results showed a decrease in the
water penetration depth and the volumetric water absorption percentage in the samples containing the
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optimal percentage of slag powder by 12.5% and 16.6%, respectively, at the age of 120 days.

1- Introduction

The concept of self-compacting concrete was first
proposed in 1986 regarding the problems related to durability
in concrete structures and the main cause of the weakness of
these structures is the poor quality of the concrete [1]. The
first theory of self-compacting concrete was proposed by
Okamura in Japan to overcome the limitations of conventional
concrete, and a sample of this concrete was made in 1988 in
Japan and at the University of Tokyo with a slump of more
than 620 mm [2]. Research was conducted by Tikalsky et al.
to investigate the properties of two-component and three-
component concrete mixtures made of slag and fly ash. The
test results of this research showed that the compressive
strength of the three-component mixture increased compared
to the mixture containing fly ash [3]. Noise reduction
caused by vibration and the possibility of concreting at
night in urban areas, the possibility of constructing concrete
structures, especially concreting in water, are issues related
to self-compacting concrete [4]. In this research, the Ahvaz
Steel Slag Plant, which is very different from other existing
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overheads in the world, was used. The main purpose of this
research is to use this type of slag, which affects the type
of slag on which research is required, on the rheological,
mechanical, and durability properties of the mortar containing
it. The slag powder used was replaced by cement at 25%,
35%, 45%, 50%, and 60%, and the rheological, mechanical,
and durability properties of the samples were investigated at
the ages of 7, 28, 91, and 120 days. The optimal percentage of
slag replacement was also determined to be 25%.

2- Research Mixing Designs

To make the research samples, first designs were made in
a trial and error manner, and concrete tests were performed
on them in a fresh state and finally, the reference concrete
mixing design was selected and then the rest of the designs
were made and tested. In all the mixing designs, the water-to-
cement ratio was kept constant at 0.45. Replacing slag with
a part of the cement consumed with different percentages
resulted in a significant decrease in some mechanical
properties. Therefore, after making the reference design,
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Table 1. Details of the self-compacting concrete mixing plans made in the research (Kg/m3)

. Powder Cement  water sand Pea Almond Mix
SP (lit)  Steel slag  stone .
(lit) gravel gravel name
0.108 0.00 18 40.5 26.3 94.8 383 332 SCC
0.120 10.12 18 30.38 26.9 94.1 38.0 33.0 SCCS25
0.137 14.17 18 27.33 26.9 93.7 37.8 329 SCCS35
0.165 18.22 18 23.28 27.1 933 37.7 32.7 SCCS45
0.186 20.25 18 21.25 27.1 93.0 37.5 32.6 SCCS50
0.200 24.30 18 17.20 27.1 92.6 37.4 32.5 SCCS60

5 mixing designs containing slag powder with different
percentages of cement were replaced and made. Table 1
presents the details of the final research mixing designs.
In this table, SCC indicates the reference self-compacting
concrete, S indicates slag and the number after S indicates
the percentage of slag replaced with cement. For example,
SCCS25 indicates self-compacting concrete containing 25%
slag replaced with cement.

3- Methods and Experiments

Cubic specimens were used in the experiments. Rheology
tests included slump flow, L-box test, and V-funnel test.
Mechanical property tests included compressive strength
and determination of the elastic modulus at ages 7, 28, 91,
and 120 days. Durability tests included water absorption,
electrical resistance, and water penetration depth at ages 7,
28,91, and 120 days.

4- Analysis of Results

The analysis of the research results is presented in the
main article in two sections including fresh concrete and
hardened concrete. These results are presented in Table 2 for
fresh concrete. Since several tests have been conducted for
the mechanical properties and durability of hardened concrete
and the volume of the results is large, it is not possible to
present them in this abstract and it is recommended that
readers refer to the main article.

5- Conclusions

* Slump flow test of samples containing 25% steel slag showed
an increase of 14% compared to the reference sample. In
the slump flow test of the sample containing 60% steel
slag, an increase of 69% was observed compared to the
reference sample.

* The results showed that the static elastic modulus of samples
containing the optimal percentage of slag increased by
4.8% compared to the reference sample at the age of 120
days.

* With the increase in the amount of slag from the Ahvaz
Steel Plant, the depth of water penetration decreased.
The sample containing 60% steel slag showed the lowest
depth of water penetration compared to the other samples
containing used slag. The notable point is the decrease in
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Table 2. Results of tests on SCC in the fresh state

Funnel L Box Slump Slump Mix row
flow test name
test V test T50cm Test
(s) (h2/h1) (mm)
(s)

6-12 0.8-1 0-3 650-800 Min - Max
8.9 0.81 1.7 712 SCC 1
9.3 0.86 1.9 722 SCCS25 2
9.8 0.89 2.0 730 SCCS35 3
104 0.94 2.2 750 SCCS45 4
10.8 0.96 2.3 756 SCCS50 5

11 0.99 2.4 765 SCCS60 6

the penetration depth at older ages compared to younger
ages and also the decrease in the samples containing used
slag compared to the reference sample.

* Slump flow times (T50cm) and V funnel test showed an
increase with the addition of used slag as a replacement
for part of the cement. An acceptable blockage ratio was
observed in all samples containing slag compared to the
reference sample.

* The L-box test showed that the samples containing 25%
steel slag had an h /h of 86%, which is an increase over
the reference sample, which is 0.81, and the sample
containing 60% steel slag had an h,/h, of 0.99 compared to
the reference sample.

e The results of the water penetration depth and water
absorption percentage in the samples containing the
optimal percentage of slag showed a decrease of 10.6%
and 25.2%, respectively, at the age of 120 days.
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Fig. 1. Granulation curve of coarse and fine gravel mixtures used in the research
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Fig. 2. Grain size distribution curve of sand used in the research
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Table 2. Characteristics of super-plasticizer used in the study
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Table 3. Chemical and physical characteristics of Tehran drinking water (mg/lit)
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Table 4. Details of the design of self-compacting concrete mixtures made in the study (Kg/m?)
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Fig. 3. Process of making the research self-compacting concrete mix design
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Table 5. Results of tests of self-compacting concrete in the fresh state
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Fig. 5. Compressive strength results of samples taken from the research mix design at different ages
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Fig. 6. Static modulus of elasticity results of samples taken from the research mix design at different ages
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Fig. 7. Electrical resistance results of samples taken from the research mix design at different ages
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Fig. 8. Water penetration depth results of samples taken from the research mix design at different ages
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