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1- Introduction

Cementitious materials are widely used in many civil
engineering projects today due to various advantages, such
as easy access to constituent materials, convenient
transportation, high compressive strength, and easy
implementation. Achieving innovative technologies in the
construction industry has always been of particular
importance to researchers. The increasing demand for
cement production has led to a rise in cement production
levels. This has raised concerns regarding the increased
emission of pollutants resulting from the cement
production process. One of the proposed solutions by
researchers is the use of alternative cementitious materials
in cement production. The use of pozzolanic materials not
only has environmental benefits but also improves some of
the mechanical and durability properties of cementitious
composites. Simultaneous use of fibers and quasi-
cementitious materials can lead to cement composites with
desirable mechanical and durability characteristics, which
will be investigated in this study using laboratory methods.
One of the drawbacks of cementitious materials is their
weakness under tensile stresses. Tensile stresses, resulting
from tensile and flexural forces, lead to the formation of
cracks in these materials. The use of fibers partially
compensates for this weakness and improves the
performance of cement composites under tensile forces.
The application of fibers will play an effective role in
increasing tensile strength and preventing crack
propagation in cement composites. Various research
results in the field of concrete technology indicate that
cement composites are made to increase strength and
ductility by adding a small volume of fibers to cement
mortar. Engineered cementitious compounds containing
fibers possess desirable properties, such as high tensile
strain capacity, fracture energy, and high strength, making
them ideal materials for diverse structural applications,
including structures resistant to compression and impact.
Today, considering the importance of sustainable

development, taking into account the detrimental effects of
various industries on the environment is crucial. One of the
major industries contributing significantly to greenhouse
gas emissions is the cement production industry.
Supplementary cementitious materials are widely used in
the production of concrete and cement mortars, serving as
additives in the used mixtures. In recent years, the use of
these materials has increased due to environmental
advantages, reduction of energy consumption following
reduced cement consumption, and influence on the final
properties of materials.

The production of concrete has reached approximately
three billion tons per year, and it is predicted to increase to
four billion tons per year. This trend is more pronounced
in some countries, such as China, India, and countries in
the Middle East and North Africa. The increasing
production of concrete in the world has posed various
challenges to the cement industry, including
environmental damage, raw material supply, and
augmented energy consumption. The increased use of
quasi-cementitious materials as a partial replacement for
cement can somewhat reduce the detrimental effects of
increased cement production and simultaneously provide
benefits for the usability and resistance of the final product
in high ages and improvement of durability against
aggressive environments. Pozzolanic materials are silica
and alumina materials that, in the presence of water at
normal temperatures, are combined with lime and form
stable and insoluble materials (gel) with cementitious
properties. Blast furnace slag, microsilica, and fly ash are
among the pozzolanic materials that can be partially
replaced with cement and alters one or more final
characteristics of the final cement product.

2- Utilized Materials

The main components comprising the laboratory
specimens in the current study are aggregate, cement, and
water. To achieve predefined objectives, microsilica and
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feldspar were employed as partial substitutes for cement in
the cement mixture at varying weight percentages.

3- Test Procedures

In this research, compressive strength tests were conducted
according to the ASTM C109 standard, and specimens
were tested at ages 7, 28, and 90 days after curing. Flexural
strength testing was performed using the center-loading
method based on the ASTM C293-94 standard. Specimens
were tested up to the age of 28 days after curing. Direct
tensile testing was conducted on all laboratory specimens
after their curing up to 28 days. This test was performed
based on the AASHTO T132 standard. Water absorption
of the tested specimens was determined according to the
ASTM C642 standard for cubic specimens. Electrical
resistivity testing was conducted following the ASTM
C1202 standard. Figure 1 illustrates the microstructure of
the design 19 pattern containing 10% feldspar and 5%
microsilica in the unheated state magnified by KX50.

Figure 1: Microstructure of Sample 19 containing 10%
feldspar and 5% microsilica in the untreated state

4- Conclusion

1- All samples with individual substitution of feldspar
showed lower compressive strength after 28 days
compared to the control. The presence of fibers in this
group of samples improved compressive strength, with
all fiber-reinforced samples exhibiting increased
strength compared to the control.

2- The results indicated that although compressive strength
rose with the age of curing up to 90 days, the
compressive strength of samples with only feldspar
substitution (at all substitution percentages) remained
lower than that of the control sample. The presence of
steel fibers compensated to a significant extent for the
negative effect of feldspar substitution, leading to
higher compressive strength than the control sample.
For instance, in the case of 15% feldspar substitution,
the use of 1% steel fibers resulted in a 7.25%
improvement in compressive strength compared to the
control sample.

3- According to the results, the presence of steel fibers
caused a reduction in the rate of strength loss under
high temperatures in some samples to an acceptable
extent. For example, in a sample with 5% feldspar
substitution, the presence of steel fibers reduced the
decrease in compressive strength from 67.5% to
40.8%.

4- All samples containing 1% steel fibers, regardless of the
percentage of feldspar and microsilica substitution,
exhibited higher flexural strength compared to the
control sample. The individual use of feldspar as a
partial substitute for cement did not significantly affect
flexural strength results, but an increase in the
percentage of microsilica substitution led to improved
flexural strength.

5- Among samples containing fibers, the highest flexural
strength was achieved in samples with 10% microsilica
and 10% feldspar substitution, resulting in 46% and
29% higher flexural strength, respectively, compared
to the control sample.

6- Based on the microstructure results of sample design 19,
the overall structure of the paste after exposure to high
temperature showed very low porosity and voids,
which can be attributed to the presence and reactions
of feldspar in the sample structure. An important point
in this design is that after exposure to a temperature of
600°C, significant amounts of C-S-H structures were
observed, which is associated with the presence of
feldspar in this composite.
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Investigation of Mechanical Properties and Durability of Cement Composites Containing
Feldspar, Silica Fume, and Short Metal Fibers

A.R. Jahri Sheijani A. Sadr Momtazi A. Darvishalinezhad R. Kohani Khoshkbijari

Abstract In this article, the effect of using different weight percentages of materials with pozzolanic properties, such as
feldspar and microsilica (as a partial substitute for cement) on the mechanical and durability characteristics of the
specimens, has been investigated. Studying the effect of using steel fibers with a volume percentage of 1% on the
mechanical properties of cement composite is one of the other goals of this research. In the current research, 19 mixing
plans were made from cement composites containing microsilica, feldspar and steel fibers. Feldspar and microsilica with
weight percentages of 5%, 10% and 15% individually and in combination were replaced with cement. The examined
properties include: compressive strength, Bending strength, tensile strength by direct, electrical resistance, percentage
of water absorption and (SEM). The results showed that in samples containing short metal fibers, an improvement in
compressive strength was observed; So that all the fiber samples had increased resistance compared to the control
sample. Among the samples without fibers, the lowest amount of compressive strength loss due to heat was assigned to
the design sample with 15% feldspar replacement. All samples containing 1% steel fibers, regardless of the replacement
percentage of feldspar and microsilica, resulted in higher bending strength.

Keywords Cementitious Composite, Feldspar, Silica Fume, Steel fiber, Durability.
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[wt.%] [wt.%)] [at.%] [wt.%]
O 8 K-series 49.47 48.29 62.88 8.51
Ca 20 K-series 28.05 27.38 14.23 0.90
Si 14 K-series 10.46 10.21 7.57 0.50
C 6 K-series 6.20 6.05 10.49 2.14
Fe 26 K-series 3.09 3.02 1.13 0.19
Al 13 K-series 2.45 2.39 1.85 0.18
K 19 K-series 1.29 1.26 0.67 0.10
Mg 12 K-series 0.69 0.67 0.57 0.09
Na 11 K-series 0.63 0.61 0.56 0.11
Ti 22 K-series 0.12 0.12 0.05 0.05
Total: 102.43 100.00 100.00
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El AN Series unn. C norm. C Atom. C Error (1 Sigma)
[wt.%)] [wt.%)] [at.%)] [wt.%]
O 8 K-series 43.86 45.20 58.55 8.30
Ca 20 K-series 25.67 26.45 13.68 0.85
Si 14 K-series 12.56 12.95 9.56 0.61
C 6 K-series 7.40 7.63 13.17 2.69
Al 13 K-series 2.80 2.89 2.22 0.21
K 19 K-series 2.18 2.25 1.19 0.14
Fe 26 K-series 1.12 1.16 0.43 0.12
Mg 12 K-series 0.87 0.89 0.76 0.11
Na 11 K-series 0.39 0.40 0.36 0.09
Ti 22 K-series 0.18 0.18 0.08 0.06
Total: 97.03 100.00 100.00
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