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ABSTRACT: One of the important reasons that causes cracking and deformation in concrete elements,
especially in the surface area of concrete, is different climatic conditions and temperature changes. In
the previous researches, not many researches have been done regarding the relationship between the
penetration rate value and the surface strength. The reason for the lack of research in this regard is
the lack of simple methods or the high price of equipment to evaluate surface strength. In this article,
infiltration- reducing materials with the brand names of Supergel and Mesocrete are used, which are
widely used in Iran today. A simple “twist-off” test has been used to evaluate the surface strength. Also,
“cylindrical chamber” test was used to measure the permeability. To apply the cycles of temperature
changes, the samples were subjected to cycles of 50, 100, and 150 cycles. The obtained results show
in the 150th cycle, the surface resistance of ordinary concrete has decreased by about 30%, but the
reduction of the surface strength of concrete with penetration-reducing materials is less than 20%. Also,
the increase in the permeability of ordinary concrete in the 150th cycle is equal to 486%, but this value
is half of this value in concretes containing permeation-reducing substances. In the following, by using
MATLAB software, it was determined that the relationship between permeability and concrete strength
is close to each other, and this issue is established in terms of formulation with a first-order plane
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equation with a correlation coefficient of about 91%.

1- Introduction

Concrete is one of the most important practical and cost-
effective materials with suitable flexibility in the construction
industry. Concrete is damaged and loses its strength and
resistance due to changing weather conditions and with
the passage of time. Permeability and resistance are very
important in the lifetime and durability of concrete. The
impact of damaging factors on concrete structures due to
temperature changes over the years and seasonal changes
from winter to summer leads to a decrease in the useful life of
the structures [1]. In reservoirs and dams that are used to store
water and have high hydrostatic pressures, permeability is a
very important factor. Under the conditions of temperature
changes that can reach 50 to 60 degrees Celsius throughout
the year, the possibility of increasing cracks and small pores
in concrete increases, and in this case, the possibility of water
penetration into the concrete increases and causes a decrease
in the resistance of the structure against loads. is entered [2].

In the conducted research, the method of processing has
an effect on the permeability of concrete [3]. In the method
of carrying out the permeability test in the British standard;
The concrete cube samples are subjected to water pressure of
5 times for three days and then the maximum depth of water
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penetration in the cut section is measured [4]. To measure the
volume of water infiltrated into the cubic concrete sample,
in this research, the “cylindrical enclosure” test invented by
Naderi [5] was used. This method is cost-effective compared
to other methods and can be easily applied in different
situations [6]. In British standard methods and “cylindrical
enclosure” a high correlation coefficient can be seen between
the results of these two tests in the permeability of concrete
cube samples[7]. In another research, a direct relationship
between the volume of existing permeable pores and the
permeability of concrete has been obtained [8].

In the current research, the permeability and surface
and compressive strengths of concrete samples containing
permeation-reducing materials with Super Gel and Mesocrete
brand names have been investigated under the influence of
different cycles of temperature changes. Temperature changes
have been applied in 4-hour intervals inside the oven at 60
degrees Celsius and in the open air at 20 degrees Celsius.
The results show that there is an inverse relationship between
the surface resistance and the permeability rate so that the
results of the “cylindrical enclosure” test with the values of
the “twist” test of concrete samples containing infiltration
reducing materials have a correlation coefficient of 85%,
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Fig 1. Permeability changes in different cycles

which results With the increase of permeability rate and
the increase of empty spaces and the exit of moisture from
concrete, the surface resistance of concrete decreases. This
relationship between compressive strength and permeability
has a coefficient of 90%.

2- Materials Used
The materials used are type 2 cement, urban drinking water,
epoxy resin glue, and polycarboxylate type superlubricant.

3- The effect of permeation-reducing materials on the
permeability of concrete under different temperature
cycles

Figure 1 shows the average permeability of concretes
with different resistance classes. In Figure 2, the overall
percentage increase in the permeability of the samples can be
seen using the “cylindrical enclosure” test.

4- Conclusions

In this research, the effect of acute environmental
conditions, including different cycles of temperature changes,
on ordinary concrete and concrete containing infiltration-
reducing materials, as well as the relationship between the
compressive and surface resistance of concrete with the rate
of water penetration into the concrete by testing New ones
have been reviewed. The obtained results are:

- By drawing three-dimensional diagrams in MATLAB
software, it was observed that the relationship between
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Fig 2. The overall percentage of permeability increases
in different cycles

surface resistance, pressure, and permeability rate is close
to each other, and this relationship is established in terms of
formulation with the equation of the first degree plane with a
correlation coefficient of 0.90.

- The results of the permeability of concrete samples
containing reducing materials under temperature change
cycles show that the value of the penetration rate in concrete
samples increased steeply up to the temperature change cycle
of 100 cycles and then towards 150 cycles, the slope becomes
gentler.

- In ordinary concrete, the permeability of the samples
under 150 temperature cycles using the cylindrical chamber
test has increased more than 5 times. However, in concretes
containing supergel and mesocrete permeation reducing
substances, the permeability rate of concrete increased by
343% and 280% in 150 full cycles, respectively, which is far
less than concretes without additives.
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Table 1. Chemical characteristics of type 2 cement (percentage)
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Fig. 1. Granulation curves of aggregates
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Table 2. Specifications of the adhesive used to perform "cylindrical chamber" and "twist-off" tests
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Table 3. Mezukret additive technical information
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Table 4. Super gel additive technical information
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Table 5. Specifications of concrete mixing plan
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Fig. 9. The results of the ""compressive strength' test under the effect of different cycles of temperature changes
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Fig. 11. The three-dimensional diagram of the results of "' twist-off "' and "compressive strength' tests and the
" Cylindrical chamber " method.
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Fig. 12. The relationship between the results of ' twist-off "' and "compressive strength" test
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Fig. 13. Comparison between the results of "' Cylindrical chamber " test with BS standard
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Fig. 14. Microstructure images of concrete samples containing additives
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Fig. 15. Microstructure images of 28-day concrete sample without additives
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