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Abstract: 

Extreme environmental conditions negatively impact the mechanical properties of concrete, leading to 

reduced durability. Among these conditions, freeze-thaw cycles are particularly detrimental, as they cause 

the expansion of micro-cracks in the concrete, eventually resulting in serious damage. Therefore, in such 

harsh environments, materials that reduce the permeability of water, oil, or other harmful liquids in concrete 

are necessary. It is important to note that studying surface strength is meaningful because the top layer of 

concrete is directly exposed to the environment and is most affected by external conditions. In this study, 

we measured surface strength and concrete permeability using novel twist-off and cylindrical chamber tests. 

We then evaluated the impact of extreme environmental conditions on these parameters. Finally, we 

enhanced concrete durability against the permeability of harmful substances by using a permeability-

reducing admixture. Our findings indicate that fibrous microsilica gel can be used as a permeability-

reducing admixture to mitigate the negative effects of extreme environments on concrete surfaces. 

Additionally, water permeability in concrete surfaces increases rapidly during the first 50 freeze-thaw 

cycles but gradually decreases thereafter. The permeability of plain concrete was found to be 13.3 mL, 

whereas it was 6.6 mL for concrete containing permeability-reducing admixtures. The results show that the 

permeability of concrete with permeability-reducing admixtures is approximately 50% less than that of 

plain concrete. 
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1. Introduction 

Permeability is one of the most important factors used to evaluate concrete durability [1]. Under extreme 

environmental conditions, concrete loses its strength and durability, allowing materials such as water, oil, 

and other liquids to permeate. Factors affecting concrete permeability depend on the chemical and physical 

properties of the concrete and the types of tests performed [2]. Several factors influence the permeability 

of concrete, including the use of admixtures [3], concrete microstructure [4], aggregate size and weight 

[5,6], temperature [7], water-to-cement ratio [8], and applied stresses [9]. Furthermore, the cement matrix 

significantly affects concrete permeability, especially in the transition zone between the aggregate and the 

cement paste [10,11]. 

Permeability-reducing admixtures (PRAs) are important for preventing the ingress of harmful materials 

into concrete. Acting as fillers, PRAs fill the pores within the concrete, thereby reducing its permeability. 

Fibrous microsilica gel is a novel additive used in concrete to reduce permeability. Microsilica gel is 

produced by combining plasticizers such as polycarboxylate with silica fume and polypropylene fibers. 

These components collectively contribute to reducing concrete permeability. The plasticizer increases the 

fluidity of the concrete, allowing fine particles of silica fume or microsilica powder to fill the voids between 

the coarser aggregates. As a result, the concrete becomes denser and achieves greater strength. A previous 

study observed that the reduction in water permeability within concrete is due to decreased porosity [12]. 

One study investigated the impact of freeze-thaw cycles on chloride permeability in concrete. This 

numerical study considered the propagation of macrocracks and discussed in detail the effects of various 

pore structure parameters. The results indicated that freeze-thaw cycles significantly influence chloride 

transport; specifically, the number of freeze-thaw cycles is positively correlated with both the chloride 

concentration and permeability depth. As freeze-thaw cycles increase, macrocrack propagation occurs, 

affecting chloride transport not only within the crack itself but also throughout the entire diffusion zone 

[13]. 

In another work presents a multi-phase and multi-component ionic transport model of concrete under 

freeze-thaw action in ocean environments, in which the modified binding isotherm considers the time-

varying porosity. Based on a systematical study of a series of influencing factors, the following conclusions 

is drawn, the influence of freeze-thaw action on chloride binding capacity has two stage: freeze-thaw action 

first increases binding capacity by greater diffusivity and second decreases binding capacity by fewer solid 

phase. Besides, freeze-thaw action significantly increases the concentration and permeability depth of 

bound and free chlorides [14]. In another study, it was done on a numerical study on chloride diffusion in 

freeze-thaw affected concrete. the following conclusions can be drawn, the number of FTCs has a positive 

correlation with both chloride concentration and permeability depth in concrete, which indicates that the 

frozen concrete has higher chloride permeability than the ordinary one. A further quantitative investigation 

concludes that the effect of number of FTCs is not only greater than that of diffusion time, but also amplifies 

the effect of diffusion time on chloride penetration [15]. 

Based on the type of chemical and physical structure of water, this liquid can permeate in craze cracks. 

When the amount of water entering concrete increases, it causes more damage to concrete. Also, water 

causes organic and mineral compounds to penetrate the concrete, by dissolving them in itself [16].  A lot 
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of research is conducted on the impact of freezing and thawing cycles on concrete strength. In one research, 

it was observed that concrete freezing causes a reduction in the strength and the quality of mechanical bonds 

in concrete [17-18]. Regarding concrete strength, concretes with 35 MPa strength and more are more 

durable against extreme environmental conditions [19]. Various freezing cycles cause the expansion of 

craze cracks in the transition zone, in addition to reducing the concrete strength [20-21]. In another research, 

it was shown that the mechanical bonds of concrete to CFRP have caused about 20 percent reduction during 

60 to 180 cycles. 

Adding to the evaluation of mechanical properties and concrete durability, devices that help in measuring 

these factors are of much importance. The twist-off test is a new and in situ test for measuring the surface 

strength of layers [22]. This test is also used in other research to evaluate the mechanical properties of some 

materials. The results of one research show that there is a coefficient of correlation of more than 93 percent 

between the results of twist-off test and standard tests [23]. Also, in another research finite element 

modeling is used to evaluate the accuracy of the twist-off test and the results indicate the high accuracy of 

this method [24]. One of the new tests for the evaluation of concrete permeability is a cylindrical chamber 

device [25]. In the past, some researches were conduct-ed using the cylindrical chamber test. The results of 

a research show that the relation be-tween volume and permeability of water into concrete can be obtained 

with high accuracy using a cylindrical chamber test [26]. In another research, it was observed that by 

increasing the curing period and compressive strength, the volume of water permeability in concrete reduces 

[27]. Also, the permeability of concretes containing pozzolan is less than that of plain concretes [28]. 

Currently, no in-situ tests are available that can measure the compressive strength and permeability of 

concrete directly at the project site in a cost-effective and non-destructive manner, regardless of location or 

temperature. Therefore, this research employs two modern tests known as Twist-off and cylindrical 

chamber, which can directly measure surface strength, the volume of water permeability, and the depth of 

water permeability into the concrete. These tests utilize simple devices, and their advantages and 

comparison with existing standard methods are discussed in subsequent sections. Furthermore, this study 

investigates the impact of fibrous microsilica gel on concrete's permeability and surface strength under 

normal and acute conditions in light of the development of new materials used to reduce concrete 

permeability. 

In another study, the effects of freeze-thaw cycles on the thermophysical and mechanical properties of 

concrete were investigated, including mass loss, specific heat capacity, thermal conductivity, thermal 
expansion coefficient, compressive strength, tensile strength, flexural strength, elastic modulus, and stress-

strain relationship. The study also analyzed the effects of water-cement ratio, air content, number of freeze-

thaw cycles, degree of saturation, and several other factors [29]. Another study developed a freeze-thaw 

damage model by considering the non-uniform temperature field distribution in reinforced concrete (RC) 
beam-column connections under freeze-thaw cycles. The investigations showed that the water-cement ratio 

significantly affects the resistance of concrete to damage caused by freeze-thaw cycles [30]. Yet another 

study investigated the damage mechanisms and models of concrete under freeze-thaw cycles, finding that 
the deterioration of concrete microstructures during freeze-thaw cycles is the main reason for the reduced 

service life of concrete [31].  

 In one study, concrete samples were prepared using fly ash, granulated blast furnace slag, and rice husk 

ash as supplementary cementitious materials. The mechanical properties and permeability of concrete 

subjected to freeze-thaw cycles were investigated. The results showed that increasing the number of cycles 

leads to increased permeability and decreased compressive strength of concrete. However, the use of rice 

husk ash mitigated the loss of mechanical properties [32]. Another study examined the effect of freeze-
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thaw cycles on geopolymer mortars, including the role of polypropylene fibers in their response to the 

number of cycles [33]. In yet another study, the effects of freeze-thaw cycles on the mechanical properties 

and cracking characteristics of concrete were investigated. Samples previously exposed to different 

numbers of freeze-thaw cycles were tested under uniaxial compression. It was found that the compressive 

strength of concrete decreases with the increasing number of freeze-thaw cycles [34]. 

This article's innovation lies in estimating the depth of water penetration and the compressive strength of 

concrete without the need to break the sample. Additionally, we investigated permeability-reducing 

materials that are abundantly available in the Iranian market under severe conditions. These new materials 

are widely used and require thorough investigation. Tests were conducted on concretes of different grades 

to ensure the reliability of the results. 

In this research, ASTM C666 [29] is used for the appliance of freezing and thawing cycles. Using new 

twist-off and cylindrical chamber tests, the surface strength and permeability of concrete are measured. 

Then, the impact of extreme environmental conditions on the mentioned items is investigated. Eventually, 

the concrete durability against the permeability of harmful materials into it is increased using a 

permeability-reducing ad-mixture. Figure 1 shows the flowchart of the research method. 

 

Figure 1. The flowchart of the research method 

2. Experimental works 

2.1. Used materials 

Used materials Sand, gravel, cement, microsilica 

gel 

Research process 

Making tests 25, 30, 35 and 40 MPa 

Introduction of tests 

Twist off 

Cylindrical chamber 

freeze-thaw cycles 50 ،100 ،150  

Analysis and review 
of results 

Surface strenght results 

Permeability results 

Correlation between 

results 
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To conduct cylindrical chamber and twist-off tests on concrete Portland cement type 2, crushed gravel and 

sand, drinking water, superplasticizers, special adhesive, and permeability-reducing admixtures are used. 

In table 1, the chemical properties of the used cement are presented. 

Table 1. Chemical properties of cement (%). 

Fe2O3 SiO2 MgO CaO Al2O3 K2O Na2O SO3 
Alkali as 

Na2O 

Loss on 

ignition 

4.52 20.23 2.14 63.86 4.86 0.71 0.21 2.12 0.21 1.2 

 

For the gradation of gravel and sand, ASTM C136 [36] is used. ASTM C127 [37] and ASTM C128 [38] 

are used to measure the density and the amount of water permeability. The water permeability of gravel 

and sand are 2 and 2.5 percent, respectively; And, the density was obtained to be 2582 and 2463 kg/m3, 

respectively. The gradation diagram of fine-grain and coarse-grain is illustrated in figure 2. 

 

Figure 2. The gradation diagram. 

The special glue used in this research is epoxy resin; its properties are presented in table 2. 

Table 2. Specifications of the adhesive. 

Setting time Shear 

strength 

(MPa) 

Shear 

strength 
(MPa) 

Modulus of 

elasticity 

(MPa) 

compressive 

strength 
(MPa) 35 oC 25 oC 

4 h 10 h 15 MPa 
15 

12750 MPa 70 MPa 

 
The intended mix designs are defined according to ACI211.1 [39]. The design of the concrete specimens’ 

mixture can be seen in table 3. 

Table 3. mix designs (Kg/m3). 
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Compressive 

Strength 
Cement Water Gravel Sand W/C 

Specific 

weight 

C40 476 195 677 851 0.41 2199 

C35 440 198 686 862 0.45 2186 

C30 416 206 687 864 0.49 2173 

C25 381 211 699 879 0.55 2170 

 

Utilized materials for the reduction of permeability are fibrous micro silica gel, whose properties are given 

in table 4. According to ASTM C1202 [40] and ASTM C494 [41], and also based on the descriptions of 

the producer company, the usage amount of this material is 6 percent of cement’s weight. Microsilica gel 

is a material that can reduce the permeability of concrete and is produced using plasticizers such as 

polycarboxylate, silica fume, and polypropylene fibers. These plasticizers help to make the concrete more 

fluid, allowing fine particles of silica fume or microsilica powder to move into empty spaces between 

coarser aggregates, filling them and increasing the concrete's impermeability and strength. When using 

microsilica gel, it is recommended to mix it with the concrete mixing water before adding it to the dry 

components of concrete. The mixing process involves precisely measuring the materials used to make the 

concrete. Initially, sand is poured into the mixer, followed by a quantity of water needed to reach the 

moisture content of the aggregates to the state of SSD (saturated with the dry surface). The mixture is then 

mixed for 30 seconds. Next, cement is added to the mixer, and water is gradually added while the mixture 

is mixed for two minutes. Finally, microsilica gel is mixed with some remaining water and added to the 

mixture in the last stage. The mixing process then continues for another two minutes. 

 

Table 4. Specifications of microsilica gel. 

Colour 
Special Weight 

(gr/cm3) 
Type Fiber 

Dark grey 1.35 Slurry or jelly Polypropylene 

 

2.2. Defining tests 

Twist-off method 

The Twist-off test, illustrated in Figure 3, is a novel method for evaluating the surface strength of concrete. 

The test involves attaching a steel cylinder with a diameter of 4 cm and a height of 3 cm to the surface of 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T



7 
 

the concrete (Figure 3-a). To ensure that the cylinder adheres to the concrete surface, an adhesive with 

higher shear and compressive strength than that of concrete must be used. This is because the concrete may 

break or the adhesive may separate during the test, leading to inaccurate results that cannot be relied upon. 

Accordingly, an adhesive with a shear strength of 15 MPa and a compressive strength of 70 MPa was 

employed, as specified in Table 2 provided in the preceding sections. 

Care should be taken to ensure that adhesive is thoroughly mixed to produce a fully homogeneous paste. 

The 'hardener' and 'base' components should be stirred thoroughly in order to disperse any settlement before 

mixing them together. The two components should be mixed together in a 1:1 ratio, by volume, until a 

uniform consistency and grey colour is achieved. Due to the easy workability of the product, a variety of 

instruments such as trowel, scraper or filling knife can be used. 

In Figure 3-b: How to apply glue on the steel cylinder can be seen. Based on Figure 3-c, a torsional anchor 

is inserted into the cylinder until it fails using a simple torque meter. The resulting outcome is shown in 

Figure 3-d. To determine the surface strength of concrete in accordance with Equation 1, the reading 

obtained from the torque meter must first be converted to the shear strength of the concrete surface. 

Subsequently, comparable samples are placed beneath the concrete breaker jack, and a calibration diagram 

is produced to establish the relationship between the Twist-off test results and concrete compressive 

strength. Consequently, the compressive strength of similar concretes can be measured with high precision 

by performing the Twist-off test without placing the sample under the concrete breaker jack. These findings 

are presented in the following sections. 

 

(1) 

Where T, r, τ, and J present momentum, radius, strength, and second polar moment of the surface, 

respectively. 

         
       (a) steel cylinder      (b) Applying glue on the cylinder (c) the torsional moment   (d) the final result 

4

E max E max 3

Tr πr 2T
τ  ,  J     τ

J 2 πr
    
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Figure 3. Perform the twist-off test. 

 

Previously, the Twist-off test has been utilized to conduct various studies on concrete, which have been 

published in esteemed international journals. In 2013, Naderi investigated the adhesion between concrete 

and CFRP plates under acute temperature fluctuations, as well as wet and dry conditions and freezing and 

thawing, utilizing the Twist-off test in a research study [42]. In a study conducted the Twist-off method that 

produces maximum shear stresses along the edges of the bonded FRP-concrete systems can be used to 

measure the adhesion along the interfaces. In a study conducted in 2011, the Twist-off test was employed 

to determine the strength of regular concrete under various curing [43], The results obtained compared with 

the surface strength of the concretes cured under standard conditions (i.e., immersion in drinking water), 

concretes covered with wet hessian and polythene sheet produced slightly higher surface strength. Twist-

off test was used to measure the in-situ strength of concrete in another research [22], The results obtained 

the accuracy attainable using Twist-off method is better than that of some other partially destructive 

methods, and it is more versatile than most, requiring no advance planning. 

In a study conducted in 2021, the Twist-off test was utilized to determine the compressive strength of 

various stones, yielding highly precise outcomes [11]. Moreover, other research endeavors have 

implemented this test to evaluate the mechanical properties of certain materials, and the findings indicate a 

strong correlation coefficient of 93% between the results of the Twist-off test and those obtained from 

standardized tests [23]. A study employed finite element modeling to assess the precision of the Twist-off 

test, and the outcomes demonstrated the method's high degree of accuracy [24]. 

While laboratory-based strength tests for materials and constructions have been conducted for a 

considerable period, there has been a recent surge of interest in in-situ tests. This shift has resulted from the 

emergence of novel materials and unforeseen structural damage in numerous buildings and edifices. 

Consequently, in addition to laboratory testing, assessing the strength of materials on-site has become a 

vital requirement for the upkeep of buildings and constructions. The Twist-off test is deemed highly reliable 

since failure transpires within the object being tested. Consequently, the results derived from this method 

are considered to be more trustworthy than tests evaluating surface hardness or those that determine material 

strength indirectly. 

The Twist-off test has several advantages based on the equipment and procedure utilized, including: 

• Compared to similar tests, the equipment required for the Twist-off test is simple, inexpensive, and 
readily available. 

• The test exhibits a high degree of accuracy. 

• Once the epoxy adhesive has been set, the test can be conducted in a brief period of approximately 

10 minutes. 
• The test results are straightforward and require no specialized interpretation. 
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• Torsional anchor failure can directly evaluate the strength of materials. 

• By inducing failure within the tested specimen, this test can directly measure its resistance without 
relying on external factors. 

• Damage is minimal and superficial. 

• Individuals can perform the test without advanced expertise. 

 

Cylindrical chamber test 

Permeability is conducted according to some standards, including BS EN 12390-8 [44] and DIN 1048-5 

[45]. In Cylindrical chamber test, the steel plate is attached to the concrete surface at first and then the 

cylindrical chamber device is installed on it and it is filled with water (Figure 4-a). The hand lever should 

be turned to set the pressure to 5 bars (Figure 4-b). The water permeability volume and water permeability 

rate are simply measured respectively using Equations 2 and 3. 

  (2) 

  

(3) 

V is permeated water volume (mm3), h represents micrometer reading (mm), A represents the cross-section 

under pressure (mm2), Q represents water permeability rate (mm3/s), and t represents time (s). 

    

                                          (a) Steel rings                                         (b) The device 

Figure 4. Cylindrical chamber. 

After determining the permeability of the specimens, according to figure 5-a, the specimens are divided 

into two sections and according to figure 5 -b the amount of water penetration depth in concrete is measured. 

V h A 

V
Q

t

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                                     (a) Concrete under the jack              (b) Measurement permeability 

Figure 5. Measurement penetration depth. 

Table 5 shows some advantages of the cylindrical chamber method over the standard test of BS EN 12390-

8 [44]. 

Table 5. Advantages of the “cylindrical chamber” test over BS EN 12390-8 test 

Advantage 

Cylindrical 

chamber 

test 

BS test BS EN 12390-8 note 

The ability to repeat the test ✓ ˟ 

Sample should be split in half to measure 

penetration depth based on BS test 

instructions. 

The ability to do in-situ tests ✓ ˟ BS test equipment is bulky and not portable.   

Portability of the apparatus ✓ ˟ BS test equipment is bulky and not portable.   

Being cost-effective ✓ ˟ BS test equipment is expensive. 

No limitation of the sample size to do 

the test 
✓ ˟ 

Sample should be placed in a mold with 

specific dimensions based on BS test 

instructions. 

The ability to do the test on any 

inclined surfaces 
✓ ˟ BS test equipment is bulky.  

The ability to do the test in places 

where sampling is impossible 
✓ ˟ BS test equipment is bulky.  

Doing the test in a semi-destructive 

manner 
✓ ˟ 

Sample should be split in half based on BS 

test instructions. 

 

Compressive strength test 
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To measure the compressive strength of concrete specimens EN 12390-3 [44] is used. To conduct the test, 

10-cm cubic specimens are constructed, applied to different freezing and thawing cycles, and then placed 

under a 200-Ton concrete breaker. 

2.3. Methodology 

To conduct this study, 150 concrete specimens with dimensions of 150×150×150 mm are constructed. Also, 

2 different concretes were used, i.e., plain concrete and concrete containing micro silica gel, and various 

freezing and thawing cycles were applied, i.e., 0, 50, 100, and 150. Conducting all the tests took more than 

6 months. 

ASTM-C666 [29] standard has been used to investigate the effect of melting and freezing on 

concrete. According to this standard, the melting process is in water, but the freezing process of 

concrete takes place in the air. 
 To conduct freezing and thawing cycles, concrete specimens are placed at -18 degrees for 4 hours and then 

at 4.5 degrees for 4 hours. The number of freezing and thawing cycles applied to a concrete specimen are 

0, 50, 100, and 150. 

3. Results and Discussion 

3.1. Volume of water permeability in concrete in different cycles of freezing and thawing 

The value of permeability of concretes with different strength measured by cylindrical chamber test is 

shown in Figure 6. Since the purpose of this section is to investigate the effect of acute conditions on the 

permeability of normal concrete and concrete containing fibrous microsilica gel, the graphs presented 

reflect the average results of the permeability of concretes with different strengths analyzed separately. 

According to Figure 6-a, the permeability of 25 MPa grade concrete under 50, 100 and 150 cycles is 19.71, 

20.72 and 20.91 ml, respectively. Observing that with the increase in the number of cycles, the permeability 

value has increased. Also, according to Figure 6-b, by comparing C25 concrete under normal conditions 

with concrete under acute cycles, it can be seen that under the above cycles, the permeability value has 

increased by 31.2, 36.3 and 37.2%, respectively. By adding fibrous microsilica gel to concrete, the amount 

of permeability has decreased significantly. It can be seen that for C25 concrete, with the addition of fibrous 

microsilica gel, the permeability of concrete has decreased by more than 2 times under ice cycles and ice 

removal. According to figures 6-c to 6-h, the same trend can be seen for concretes with 30, 35 and 40 MPa 

categories. 
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It is observed that the water permeates the concrete at higher paces at first but as the pores are filled, the 

pace of water permeability becomes a constant value. Also, the amount of permeated water in plain 

concretes is more than in concretes containing permeability-reducing admixtures. 

In general, considering that freezing and thawing cycles increase the craze cracks in concrete, more water 

permeates into the concrete and this is one of the main factors in concrete durability reduction. Fibrous 

micro silica gel, as a filler, causes the concrete pores to be filled and therefore affects positively the concrete 

permeability. It was observed in one research that one of the reasons for the reduction of water permeability 

inside the concrete, is the reduction of concrete pores [46]. Also, it was observed in other researches that 

concretes applied to freezing and thawing cycles have more cracks than plain concrete [20], which causes 

an increase in the permeability of water into concrete. The results obtained from other researches show that 

materials that reduce concrete pores can cause a reduction in water permeability [47-48]. Also, concrete 

with high strength can have more tolerance against freezing and thawing cycles [19]. 

In another study [49], using the "cylindrical enclosure" test, almost similar results were obtained that 

the permeability values of concrete with a strength of 30 MPa at the age of 28 days were equal to 7 mm, 
and the results of the present study were equal to 6.8 mm. liter, the difference between the two is very small. 

It was also observed in other researches that the permeability decreases with the increase of the compressive 

strength of concrete, and in this research, the permeability value also decreases with the increase of the 

compressive strength [50-51]. 
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(d) Changes in percentage increase (30Mpa)   (30Mpa) (c) Permeability value changes 

  
(f) Changes in percentage increase (35Mpa)   (35Mpa) (e) Permeability value changes 
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After conducting a permeability test, the concrete specimen is divided into two parts. Then, the maximum 

depth of water permeability in concrete is measured. In figure 7, the relation between permeability depth 

and permeability of specimens is illustrated. By conducting a new cylindrical chamber test concrete 

permeability depth can be measured using Equation 4, with high accuracy, and without cracking the 

concrete specimen. x is the permeability obtained from the cylindrical chamber test; By implementing this 

value in the equation, the amount of water permeability in concrete without breaking the specimen is 

calculated. 

y=2.63x+1.74  (4) 

 

y = 2.6294x + 1.7389
R² = 0.974
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Figure 6. Permeability value in different cycles of freezing and thawing. 
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Figure 7. permeability depth and permeability relationship. 

3.2. Permeability of concretes with different strengths 

As mentioned above, concretes used in this research have strength classes of 25, 30, 35, and 40 MPa. As 

can be seen in figure 8, the value of water permeability in plain concrete in the mentioned classes is obtained 

to be equal to 15.1, 13.6, 12.4, and 11.9 mL, respectively. As can be observed, permeability has an inverse 

correlation with compressive strength. The volume of water permeated in concrete with 40 MPa strength is 

about 21 percent less than water permeated in concrete with 25 MPa strength. This trend also applies to 

concrete containing permeability-reducing admixtures. The value of water permeability for concrete 

containing permeability-reducing admixtures for strength classes of 25, 30, 35, and 40 are obtained to be 

equal to 7.5, 6.8, 6.3, and 5.6 mL, respectively (Figure 8).  

It was also observed in other researches that the permeability decreases with the increase of the compressive 

strength of concrete, and in this research, the permeability value also decreases with the increase of the 

compressive strength [50-51]. In general, it is observed that permeability has an inverse correlation with 

compressive strength. The reason that the water permeated in concretes with high strength has reduced is 

that the permeability of the cement matrix has an inverse correlation with the progress of the hydration 

process. By the progression of cement hydration, the amount of water permeated in concrete reduces greatly 

because the net gel volume is almost 2 times the volume of unhydrated cement. Therefore, it gradually 

occupies some of the empty spaces filled with water and therefore causes a reduction in water permeated 

in concrete. Also, it was observed in one research that the permeability of concrete is dependent on the 

water-cement ratio [52-54]. Reducing the value of the water-cement ratio in concrete increases the density 

of the cement matrix and decreases the space available for water. Also, by blocking micropores, the 

permeability reduces [55]. 
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(b) Percentage of reduction in Compressive  strength  (25Mpa)    (25Mpa) (a) changes in  Compressive strength 

 
 

(d) Percentage of reduction in  Compressive  strength  (30Mpa)    (30Mpa) (c) changes in  Compressive  strength 
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3.3. Surface strength of concrete under different cycles of freezing and thawing 

According to figure 9, the results obtained from the twist-off test show that the reduction in surface strength 

of plain concrete is more than specimens containing permeability-reducing admixtures.  

According to Figure 9-a, the surface resistance value of C25 concrete under normal conditions is equal to 

8.6 MPa, while the surface resistance value of C25 concrete under 50, 100 and 150 cycles is 5.6, 4.9 and 

  
(f) Percentage of reduction in  Compressive  strength  (35Mpa)    (35Mpa) (e) changes in  Compressive  strength 

  
(h) Percentage of reduction in  Compressive  strength  (40Mpa)    (40Mpa) (g) changes in  Compressive  strength 

Figure 8. The results obtained from the Compressive Strength test in different freezing and thawing cycles. 
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4.8 MPa, respectively. In other words, the above cycles have increased the value of surface resistance to 

34.3, 46.7 and 49.7%. It can also be seen that with the increase in compressive strength, the amount of 

surface resistance has also increased. The reason for this reduction is the progress of the cement hydration 

process, which has led to an increase in the compressive strength and surface resistance of concrete [56]. 

With the passage of time and the progress of the hydration reaction, the empty pores are filled with the 

products of this reaction, and in the same way, the resistance increases. Also, in the hydration process, the 

bonding strength of the particles in the cement paste increases and the voids between the particles in the 

cement paste decrease. The spaces in the fresh cement paste, which are filled with water from the beginning, 

are filled with the products resulting from the hydration interactions of the cement, and hence, the strength 

of concrete increases [57]. 

 

  
(b)  Percentage of reduction in surface strength  (25Mpa)    (25Mpa) (a) changes in surface strength 
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(d)  Percentage of reduction in surface strength  (30Mpa)    (30Mpa) (c) changes in surface strength 

  
(f)  Percentage of reduction in surface strength  (35Mpa)    (35Mpa) (e) changes in surface strength 
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4. Results 

In this research, surface strength and concrete permeability were measured using novel twist-off and 

cylindrical chamber tests. The effects of extreme environmental conditions on these parameters were then 

investigated. Finally, concrete durability against the permeability of harmful substances was enhanced 

using a permeability-reducing admixture. Based on the results obtained: 

- Fibrous microsilica gel can be used as a permeability-reducing admixture to mitigate the negative effects 

of extreme environments on concrete surfaces. 

- Water permeability into concrete surfaces increases rapidly until the 50th freeze-thaw cycle, after which 

the rate of increase becomes more gradual. The water permeability of plain concrete surfaces increases by 

about 36%, while that of concrete surfaces containing microsilica gel increases by about 22%. 

- The permeability of plain concrete was found to be 13.3 mL, whereas that of concrete containing the 

permeability-reducing admixture was 50% less. 

- The compressive strength of concrete surfaces decreases sharply until the 50th freeze-thaw cycle, after 

which it becomes more gradual. Approximately 78% of the reduction in compressive strength occurs during 

the first 50 cycles, with the remaining 22% occurring over the next 100 cycles. 

  
(h)  Percentage of reduction in surface strength  (40Mpa)    (40Mpa) (g) changes in surface strength 

Figure 9. The results obtained from the twist-off test in different freezing and thawing cycles. 
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- The permeability has an inverse relation with compressive strength. The amount of water permeated in 

concrete with a strength of 40 MPa is about 21 percent less than the water permeated in concrete with a 

strength of 25 MPa. 

- Using the new cylindrical chamber test the permeability depth of concrete can be measured with the 

equation y=2.63x+1.74, with high accuracy, and without cracking the concrete specimen. x is the value of 

permeability obtained from the cylindrical chamber test; importing this in the equation gives the water 

permeability depth in concrete without breaking the specimen. 
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