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%Weight SiO, AlLO; Fe,0; CaO MgO S0O; K, O Na,O FreeCaO IR LOI Total

Cement 20.8 5.2 365 621 1.8 25 055 0.3 1.2 03 15 99.9
Silica fume 93.95 0.9 0.8 1 1.25 0.06 0.25 0.4 1 99.61
Clay 57.6 17.7 5.6 6.3 3.3 0.03 9.68 99.67
Limestone 5.6 0.05 51.7 14 41.15 99.9

Table 1. Characteristics of chemical compounds of cement materials
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Fig. 1. The results of the XRD test on calcine clay of Minodasht, Golestan province
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%Weight SiO, AlLO; Fe,03 CaO MgO Lol
Minoodasht Clay 576  17.7 5.6 6.3 33  9.68
Zanvar Clay 74.3 17.8 082 338 022 256
Marand Clay 6451 2287 256 0.66 0.67 1.28

Table 2. Characteristics of chemical compounds of 2 other kaolinit
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Table 3. Characteristics of aggregate used including 1:
physical specifications, 2: gravel grading curve and 3:
sand grading curve
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_ _ Cement Clay Lime Silica Coarse Fine Free Cement Clay Limestoe Silica
Mix Design % % stone Fume  Agg Agg Water (kg/m3) (kg/m3) (kg/m3) Fume wilc
% %  (kg/m3) (kg/m3) (kg/m3) (kg/m3)

COLO 100 0 0 0 744 1116 140 400 0 0 0 0.35
C10L30 60 10 30 0 744 1116 140 240 40 120 0 0.35
C20L20 60 20 20 0 744 1116 140 240 80 80 0 0.35

C10L30SF7  55.8 10 30 4.2 744 1116 140 223.2 40 120 168 0.35
C20L20SF7  55.8 20 20 4.2 744 1116 140 223.2 80 80 168 0.35

COLO 100 0 0 0 736 1104 160 400 0 0 0 0.4
C10L30 60 10 30 0 736 1104 160 240 40 120 0 0.4
C20L20 60 20 20 0 736 1104 160 240 80 80 0 0.4

C10L30SF7 55.8 10 30 4.2 736 1104 160 223.2 40 120 16.8 0.4
C20L20SF7  55.8 20 20 4.2 736 1104 160 223.2 80 80 16.8 0.4

Table 4. Specifications of the concrete mix design made in the research
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Fig. 2. Comparison of capillary absorption coefficients of
a: 28-day, d b: 90-day concrete samples
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Fig. 6. electrical resistance test for 28 and 90 day samples
1: with a ratio of water to cement materials of 0.35 and 2:
with a ratio of water to cement materials of 0.4
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Abstract

One of the common ways to increase the life of concrete is the use of pozzolans, some pozzolans that have
higher reactivity than ordinary cement lead to greater resistance and less permeability of concrete by reducing
concrete pores. Structures made with ordinary Portland concrete generally do not have proper performance in
harsh environmental conditions and destructive aggressive factors. Sulfate attack is the process of concrete
destruction due to the expansion caused by sulfate reactions inside the concrete, and in the long term, it causes a
decrease in cohesion, occurrence of cracks and collapse in the concrete structure, one of the effects of which is
the reduction of concrete strength. The addition of metakaolin reduces the porosity in concrete, as a result,
concretes containing metakaolin have lower permeability compared to normal concrete. In this research, calcined
clay was used as pozzolan, first the soil was heated to a temperature of 700 degrees Celsius for 3 hours so that
the calcination process takes place, then calcined clay along with a percentage of limestone powder and
microsilica was replaced by cement. The purpose of this combination for cement materials is to achieve a
mixture design that the concretes made by it have better resistance than normal concretes against aggressive and
corrosive environmental conditions. In this study, ettringite crystals were formed on the samples processed in
sodium sulfate solution, which were less in the pozzolanic samples than in the control sample. At early ages, the
capillary absorption coefficient for samples containing calcined clay is higher than the control samples, but this
difference is greatly reduced as the samples age and the pozzolanic reactions become more complete. The
electrical resistance values of the samples also increased with the passage of time and the increase in pozzolan
replacement percentage. Also, in all the experiments, the addition of microsilica fills the empty spaces in the
concrete, because the microsilica particles, being smaller than the pozzolan particles of the clay used and the
faster reactivity of microsilica produces more silicate gel in a shorter period of time than clay pozzolan and
makes the concrete denser. In this research, 10 mixed designs were used in 2 ratios of water to cement materials:
0.35 and 0.4. In each proportion of clay in percentages of 10 and 20%, limestone powder in percentages of 30
and 20%, respectively, and microsilica along with the combination of soil and lime in 7% by weight as powder
materials were replaced by cement. In order to check the properties of the prepared soil, XRD test was
performed to ensure the amorphousness of the soil particles and the presence of pozzolanic compounds on it.
Also, to check and analyze the durability of concrete, sulfate resistance, capillary absorption and electrical
resistance tests were used on 10 cm cube samples at the age of 28 and 90 days. In this research, designs

containing 20% calcined clay, 20% lime, and 7% microsilica have the best performance in pozzolanic designs
and are introduced as optimal pozzolanic designs in the conducted experiments.

Keywords: pozzolan, sulfate attack, ettringite, capillary absorption, electrical resistance of concrete.
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