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This research investigates the mechanical properties of alkali-activated porous concrete
compared to cement-based porous concrete. In this regard, the slag of blast furnaces has
been used as the base material for cement, and sodium hydroxide and sodium silicate have
been used as alkalizing materials. Alkali-activated porous concrete was made with 8
Molar sodium hydroxide solution with ratios of sodium hydroxide to sodium silicate 1:2,
1:1, and 2:1. To check the mechanical properties, compressive strength and tensile
strength tests (Brazilian test) were tested at the ages of 90, 28, 7, and 120 days according
to the proposed standards. Compared to sample concrete, the compressive strength and
tensile strength of porous concrete with active alkali in the ratio of 1 to 2 have been
reduced by 75 and 69 percent. The same comparison shows a decrease of 51 and 41% in
the ratio of 1:1, and in the ratio of 2:1 sodium hydroxide to sodium silicate, the
compressive strength increases by 28% and the tensile strength by 12% compared to
porous cement-based concrete at the age of 120 days.
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Introduction

In the global community, concrete is one of the most widely used construction materials,
currently playing a significant role in the development of infrastructure and the economy
worldwide. The reason for the extensive use of concrete lies in the abundance and availability
of raw materials, as well as its valuable technical specifications such as workability, fire
resistance, durability against weather factors, and cost-effectiveness. However, the high usage
of concrete in the construction industry, and consequently the massive production of cement,
has numerous detrimental environmental impacts. The production of cement consumes many
natural resources and releases a significant amount of carbon dioxide into the environment. The
energy consumed for producing each ton of cement is the highest after aluminum and steel,
accounting for 5% of the total energy consumption in the world. One of the main technical
challenges in producing Portland cement is the need for 1.5 tons of raw materials to produce 1
ton of Portland cement, which results in the emission of 0.94 tons of carbon dioxide into the
environment. Cement production is an energy-intensive process, requiring between 1700 to
1800 megajoules of energy to produce each ton of clinker. On average, 120 liters of fuel and
117 kilowatt-hours of electricity are consumed in the cement production process. In the
transportation system, 11.9% of the country's road freight is attributed to cement. Increasing
the efficiency and performance of cement production kilns and replacing a portion of the
consumed cement with pozzolanic materials such as blast furnace slag, fly ash, and metakaolin
can help reduce cement consumption and its detrimental effects. Komljenovi¢ et al in 2013
placed alkali-activated concretes under sulfate conditions and compared them with Portland
cement concrete, finding that alkali-activated concrete performed better. The reason for this is
the absence of calcium hydroxide in alkali-activated concrete, which reacts with sulfates. Chow
et al in 2010 concluded from various studies and results that the alkali activators for slag utilize
a silicate and calcium system, and their geopolymer is a type of aluminosilicate powder, with
metakaolin and fly ash being among the main geopolymeric materials. They also conducted
various comparisons between the two cements and reported that metakaolin, due to its high
fineness and plate-like structure, absorbs more water, which leads to cracking and shrinkage.
This research investigates the mechanical properties of alkali-activated porous concrete
compared to cement-based porous concrete.

Method

The compressive strength test of concrete is conducted according to the ASTM C39 standard.
To determine the compressive strength, cubic samples measuring 10x10x10 cm are prepared
and cured. According to the standard, the concrete is placed in cubic molds in two stages, with
each stage being compacted to a thickness of 5 cm and subjected to 25 blows. After compaction,
the surface of the sample is smoothed. The samples are kept in a suitable location for 24 hours
without being disturbed. After 24 hours, the molds are removed, and the samples are placed in
water for curing until they reach the desired age. Then, using a concrete testing machine, the
compressive strength of the samples at 7, 28, 60, and 90 days is determined.

Results

According to the results obtained from the compressive strength tests on cubic specimens at all
ages from 7 to 120 days, it can be observed that at sodium hydroxide to sodium silicate ratios
of 1to 1and 1 to 2, there was a decrease in strength compared to the control lightweight
concrete. However, at a ratio of 2 to 1, sodium hydroxide to sodium silicate, the alkali-activated
lightweight concrete achieved higher strength than the control lightweight concrete at all ages.
According to the results, the 2 to 1 sodium hydroxide to sodium silicate ratio is the optimal ratio
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among the three ratios tested, exhibiting greater strength than the control concrete. The tensile
strength results of the produced samples indicate that at the 2 to 1 sodium hydroxide to sodium
silicate ratio, the alkali-activated lightweight concrete demonstrated better strength even
compared to the control concrete. In contrast, at the other two ratios, the alkali-activated
lightweight concrete exhibited lower tensile strength than the control concrete.

Conclusions
In this research, based on the tests that were designed and conducted, the following results
regarding alkali-activated concrete were obtained:

e Alkali-activated lightweight concrete, in terms of mechanical properties including
compressive strength and tensile strength (Brazilian test) at a sodium hydroxide to sodium
silicate ratio of 2 to 1, outperformed the control lightweight concrete (cement-based) by 28%
and 12%, respectively. This increase in strength is attributed to the higher amount of NaOH in
the cement paste, which accelerates the setting time and allows the paste and concrete to reach
strength more quickly, continuing to improve its mechanical resistance compared to other
concretes. This factor is the main reason for the better performance of sample AA3.

e The mechanical properties of alkali-activated concrete at a ratio of 1 to 2 showed a decrease
of 75% in compressive strength and 69% in tensile strength compared to the control concrete.
Similarly, at a ratio of 1 to 1, there was a reduction of 51% and 41% in compressive and tensile
strength, respectively, compared to the control lightweight concrete.

e The use of lightweight concrete with high water permeability significantly contributes to the
enhancement of aquifers and the infiltration of water into the subsurface
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