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Abstract
Considering the differences between environmental conditions of concrete structures and laboratory conditions, it is import-

ant to determine the parameters of the materials at the site of the structure. One of these materials is cement-based repair mortars due 
to the damage of concrete structures that may arise due to chemical or physical factors, these structures are required to be repaired. 
For this reason, in this paper, to determine the strength of repair mortars of different ages and under different Curing, Situ methods 
"Friction-Transfer" and "Pull-off" were used and the relationships between the Flexural Compressive, Tensile and readings obtained 
from the above methods on cementations mortars are presented. Experiments were performed on mortars at ages 3, 7, 28, 42 and  
90 days under the conditions of "waterlogging", "Curing Agent" and "releasing in the outdoor". The results show the high impact of 
the process on the Flexural Compressive, Tensile of the repair mortars and the results of the "Friction-Transfer" and "Pull-off" meth-
ods. Also, a high correlation coefficient was obtained between the mechanical properties of the mortars and the results of the above 
tests; it is possible to measure the mechanical properties of repair mortars in situ with high confidence and in situ.
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1. Introduction
Since the laboratory methods of determining the mechanical properties of mortars mainly 

control the quality of the materials used in their preparation and do not provide a proper assessment 
of the process of obtaining mortar strength at the site, it is important to conduct tests to evaluate 
the strength of mortars. The in situ methods of determining the mechanical properties of mortars 
are used in such cases as the process of obtaining strength, evaluating existing strength, and so on. 
There are many methods to determine the strength of concrete and mortar in situ that are generally 
divided into three categories: “destructive”, “semi-destructive” and “non-destructive”. Destructive 
methods include loading the fragment into the structure or the fragment itself, or core drilling part 
of the fragment and testing it in the laboratory under standard conditions [1]. But these methods 
have disadvantages these include high cost, significant damage to the structure, limited repeatabil-
ity and usually the closure of the operation of the structure during testing. Also, the results of the 
tests on the obtained core drilling are less than the actual compressive strength [2]; also, some parts 
of the structure may not have core drilling. The “pull out” method is another method [3] that falls 
into the category of destructive methods and causes damage to the concrete element.

Therefore, the tendency to carry out in situ experiments in the form of non-destructive or 
semi-destructive methods is increasing day by day. Non-destructive methods such as ultrasonic [4]  
testing and the Schmidt [5] test can measure some properties of materials without the presence of 
destructive strengths. Semi-destructive methods can provide valuable results in strength in situ ma-
terials by causing minor damage. In-situ methods include “Friction-Transfer” [6] and “Pull-off” [7]  
tests. In the “Friction-Transfer” method, a core is first created by a scoring machine. Then the metal 
device is fixed to the partial core and with a normal Torque Meter, a torsional anchor is inserted to 
break it down. Previous research has also used the “Friction-Transfer” test to determine the com-
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pressive strength of rock and concrete and a high correlation coefficient between the results of the 
“Friction-Transfer” test and the compressive strength of the stone and concrete [6, 8], in the “Pull-
off” test to determine the strength of mortar, a 5 cm diameter metal cylinder is first adhered to the 
test site using epoxy resin adhesive. Then, using a “Pull-off” device, the tensile strength is applied 
to the cylinder to separate it from the concrete surface.

Cement mortars have many uses including use as repair material on parts of concrete ele-
ments damaged by various chemical or physical conditions or use them inside masonry buildings 
with brick walls. Therefore, it is necessary to know the exact characteristics of mortars, including 
compressive, tensile and flexural strength. A lot of laboratory research has been done on the me-
chanical properties of mortars. In a study on in vitro evaluation the effect of mixing ratios on the 
compressive strength of cementations mortars was determined. Different ratios of water to cement 
and sand to cement have a great effect on the compressive strength of mortars as the water-cement 
ratio decreases, the compressive strength of the mortar increases. Also, at low water to cement 
ratios, the impact of sand to cement ratio has a greater impact on the compressive strength of the 
mortar [9]. In addition to compressive strength, it is important to determine the tensile strength of 
mortars because mortars are generally not strength with concrete as opposed to concrete and in 
cases such as facade and rock where tensile strengths are applied, their tensile strength must be 
determined. In studies on tensile strength of mortars including water to cement ratio of 0.4 to 0.65 
was determined the tensile and compressive strength of cement sand mortar is inversely propor-
tional to the increase in water to cement ratio. In this study, tensile strengths of mortars were about 
7 % of compressive strength [10]. The high water-cement ratio also results in porosity inside the 
mortar, which reduces the mortar strength. In the research on the effect of water to cement ratio on 
mortar porosity it was found that increasing the water to cement ratio in cement mortar from 0.45 to  
0.6 increases the porosity of the mortar by 1.5 times [11].

In order to increase the mortar strength gain over time, the Curing should be used. The 
process completes the cement hydration process over time. In the first few days after the mortar 
is made, if the temperature and humidity are favorable, the hydration will be relatively rapid, but 
maintaining water inside the mortar during this time is important and water evaporation should be 
prevented or substantially reduced. The amount of temperature and duration of moisture treatment 
are keys to discussing the Curing because the hydration process, as it relates to the quality and 
quantity of cementations materials in the mixture, is not related to the temperature and humidity 
inside the mixture [12]. Generally, the processing time for aggregates made with conventional Port-
land cement is 7 days, which is, however, longer for late cements [13]. 

In this paper, using two types of mortar with different water-cement ratio, their flexural, 
tensile and compressive strength were determined in vitro. Then, using the methods of “Fric-
tion-Transfer” and “Pull-off”, the relationship between the readings obtained from the mentioned 
methods and the compressive, tensile and flexural strengths was obtained. Experiments were 
performed on mortars at 3, 7, 28, 42 and 90 days of age. There were also three different process-
es, including “waterlogging”, “Curing Agent” and “releasing in the outdoor”. The results show 
a high correlation between the compressive, tensile and flexural strengths of the cementations 
sand mortar with the readings obtained from the “Friction-Transfer” and “Pull-off” tests, as a 
result, these methods can be used as an in situ method for determining the strength of cementa-
tions sand mortars.

One of the major innovations of this paper is the use of in situ (friction transfer) method 
to evaluate the resistance of cementations repair mortars of different ages. Due to its unique test 
performance (friction transfer) that makes this test applicable to any laboratory and environmental 
conditions, this test can be used to determine the resistance of the laboratory and the location of 
consumables in the road, building and construction industries, with the aim of quality control and 
research studies. Due to the damage caused by the test (friction transfer) which is very superficial 
and minor, This test falls into the category of semi-destructive tests, or more precisely, with minor 
failures. Because in this test, failure occurs within the target object itself Therefore, its results 
are more reliable than surface hardness tests or tests that indirectly determine the strength of the 
materials. The equipment used in the test (friction transfer) is very simple, inexpensive and acces-
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sible. This test is highly accurate and can be performed under all environmental conditions (dry, 
wet, underwater and under any temperature). The “friction transfer” test can be done in a very 
short time (about 10 minutes) and does not require skilled people. Since the acceptability of each 
new test requires that the results of that test be compared with the corresponding results obtained 
from standard and well-known common tests, therefore, in this paper, this comparison is made and 
the relationships between the resistances of applying “friction transfer”, “pull-off” tests, standard 
compressive, flexural and tensile tests of repair mortars of different ages and under different ma-
chining are presented. 

2. Laboratory activities
2. 1. Consumer materials
The cement used for making mortar is Type 2 with a density of 3007 kg/m3. Table 1 shows 

the specifications of Type 2 cement.

Table 1
Chemical Properties of Type 2 Cement

C3ALOIMgOSO3K2ONa2OCaOAl2O3SiO2Fe2O3Chemical Properties

6.251.893.201.990.260.7462.444.8121.053.84Weight (%)

The sand with a maximum size of 4.75 mm was used and its grading was performed accord-
ing to ASTM C136 standard [14]. The rate of sand uptake was 3.2 % based on ASTM C127 [15, 16]. 
The density of sand in the saturated state is 2510 kg/m3. The graph of the sand grains is  
shown in Fig. 1.

Fig. 1. Aggregates grain diagram

The two-component adhesives used are epoxy resins with one-volume volumetric composi-
tion and polyolefin-acting materials. The mechanical properties of epoxy resin adhesive are shown 
in Table 2.

Table 2
Mechanical properties of two-component epoxy resin adhesive

Processing timeReception time
Shear strength7-day compressive 

strength
Modulus of  
elasticity 25 °C 35 °C25 °C35 °C 

90 min45 min10 h4 h15 MPa70 MPa12750 MPa

2. 2. Repair mortar
Cement to sand ratio of 1:2 was used to make repair mortars. The ratio of water to cement is 

0.5 in one mortar and 0.4 in the other (Table 3).
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Table 3
Mortars specification

Abbreviation Cement to sand Ratio Water to cement ratio
M1 1:2 0.4
M2 1:2 0.5

Examples of tests required for compressive, flexural, tensile, “Friction-Transfer” and “Pull-
off” post-fabrication tests in “waterlogging”, “Curing Agent” and “releasing in the outdoor” were 
left. They were then excised and tested at 3, 7, 28, 42 and 90 days of age. A total of 180 samples 
were tested for compressive strength, 90 for flexural strength, and 90 for tensile strength, 90 for 
Friction-Transfer test and 90 for Pull-off test.

3. Laboratory Methods
3. 1. Friction-Transfer method
To determine the strength of the concrete by “Friction-Transfer” test, first with a core drill-

ing machine, create a partial core 25 mm high in repair mortar, then fix the “Friction-Transfer” 
device on it. It is inserted into the torsional anchor by a conventional torsion gauge to cause the 
core to fail (Fig. 2).

                                         a                                                 b

Fig. 2. “Friction-Transfer” test: а – fixing the metal piece on the specimen;  
b – applying the torsional anchor with the Torque Mete

Considering the final torsional anchor (fracture) and using the relationship between shear 
stress and torsional anchor (1), let’s calculate the shear strength of adhesion of the repair layer to 
the concrete substrate (τ).

                                                             ,τ =
Tc
J

		   (1)

where r is the radius of the core and J is the second polar moment of the surface.
Due to the damage caused by the Friction-Transfer test, which is very minor, this test falls 

into the “minor damage” test. The amount of damage caused by this test is 6 cm in diameter and 
2.5 cm in depth. In order to perform the “Friction-Transfer” test, cubic specimens of 15 cm were 
first prepared and subjected to different Curings and then tested at different ages.

4. Pull-off Method
In the “Pull-off” test to determine the strength of mortar, a 5 cm diameter metal cylinder is 

first adhered to the test site using epoxy resin adhesive. Then, using the “Pull-off” device, the ten-
sile strength is applied to the cylinder to separate it from the concrete surface (Fig. 3). According 
to eq. (2), the strength value obtained by the “Pull-off” method is obtained by dividing the tensile 
strength applied to the cylindrical surface.

                                                              ,σ =T
P
A

 	  (2)

where P is the tensile strength and A is the tangency area.
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                                                       a                                                    b

Fig. 3. “Pull-off” test: a – applying the tensile strength to the cylinder; b – test result

To perform the “Pull-off” test, cubic specimens of 15 cm were first prepared and subjected 
to different Curings and then tested at different ages.

5. Flexural strength measurement
Prismatic specimens of 4×4×16 cm were made to determine the flexural strength of mortars 

in accordance with ASTM C348 [17]. For each experiment, 3 specimens were prepared and tested 
according to Fig. 4.

Fig. 4. Flexural strength of mortar

Equation 3 is used to obtain the flexural strength of the mortar.

                                                       0.0028 ,=fS P 		   (3)

where P is the maximum strength applied to the device in Newton.

5. 1. Tensile strength measurement
Tensile strength of mortars was determined by making briquette specimens using  

ASTM C190 [18] standard, an average of 3 samples were considered for measuring tensile strength. 
According to Fig. 5 by the apparatus, the specimens were subjected to tensile loads to failure. The 
amount of tensile strength of mortars is obtained by dividing the applied tensile strength by the area 
of the fractured part, Fig. 5.
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Fig. 5. Apply tensile strength to specimens

5. 2. Measurement of the compressive strength
Determination of the compressive strength of the applied mortars was performed using 

ASTM C109 [19] standard and for each mortar type, 650 mm cubic specimens were made, their 
compressive strengths of different ages were measured and the mean results of 6 specimens were 
considered as compressive strengths (Fig. 6).

Fig. 6. Compressive strength of mortar

6. Results and their analysis
6. 1. Compressive strength of repair mortar
In this section, the compressive strength of repair mortars at ages 3, 7, 28, 42 and 90 days, 

which were subjected to in-water treatments, with release and release materials, were tested. The 
results of the “Friction-Transfer” and “Pull-off” tests with M1 mortar compressive strength are 
shown in Table 4. In this table the results of compressive strength are the mean of 6 samples and 
the results of “Friction-Transfer” and “Pull-off” methods are averaged of 3 samples.

According to Table 4 for M1 mortar, it is observed that the compressive strength of mortars 
curing in water and with curing agent is higher than those released in open space due to the com-
pletion of the cement hydration process inside the mortar to prevent It is the removal of moisture 
inside the mortar. The hydration of Portland cement involves the reaction of unhydrated calcium 
silicate and the aluminate phase with water. For the mortars cured with water and the curing agent 
with the mortars released in the open space, the 90-day compressive strength was 1.72 and 1.41, 
respectively. The same trend was observed for the other ages as the values of 3, 7, 28 and 42 days for 
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water cured samples were 1.77, 1.64, 1.67, and 1.69 times, respectively. The compressive strength of 
the mortar is released in the open space. For the cured specimens with the same material, the com-
pressive strength of the specimens cured with the open space specimens was 1.45, 1.46, 1.44 and 
1.39, respectively. The results of the “Friction-Transfer” and “Pull-off” tests on the cured samples 
also have an increasing trend over time, so that the strength obtained by the “Friction-Transfer” 
method at 90 days compared to 3 days In the three procedures mentioned, they are 2.36, 2.4 and 
2.46, respectively. The 90-day to 3-day strength ratio is 2.57, 2.52, and 2.41, respectively, for the 
“Pull-off” test.

Table 4
Results of compressive strength test, “Friction-Transfer” and “Pull-off” on M1 mortar (MPa)

90 days42 days28 days7 days3 days
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37.653.164.736.250.46133.748.656.224.836.140.616.123.428.5Compressive 
strength

3.985.136.343.754.85.893.374.385.292.613.454.091.622.142.72“Friction transfer”
2.153.133.652.052.783.281.722.312.651.371.872.080.891.241.42“Pull off”

The results of the “Friction-Transfer” and “Pull-off” tests with M2 mortar compressive 
strength are shown in Table 5. In this table the results of compressive strength are the mean of  
6 samples and the results of “Friction-Transfer” and “Pull-off” methods are averaged of 3 samples.

Table 5
Results of compressive strength test, “Friction-Transfer” and “Pull-off” on M2 mortar (MPa)

90 days42 days28 days7 days3 days
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Method
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32.145.154.430.94351.228.640.947.620.930.234.113.219.223.3Compressive 
strength

3.554.565.643.354.25.192.973.844.692.313.053.611.441.892.36“Friction transfer”
1.882.743.171.762.42.821.491.992.291.191.611.770.761.061.22“Pull off”

According to Table 5 for M2 mortar, it is observed that the compressive strength of mortars 
processed with water is higher than that of mortars released in outdoor. For the mortars processed 
with water and the materials processed with the mortars released in the outdoor, the 90-day com-
pressive strength was 1.69 and 1.4 times, respectively. The same is true for other ages, such a way 
that for water processed samples, The values of 3, 7, 28 and 42 days compressive strength were 1.77, 
1.63, 1.66 and 1.65 times the compressive strength of the mortar released in outdoor, respectively. 
Also for samples processed with handling materials, at the above ages, the amount of increase in 
compressive strength compared to the samples released in the outdoor was 1.45, 1.44, 1.43 and 1.39, 
respectively. The results of the “Friction-Transfer” and “Pull-off” tests on the processed specimens 
have also increased over time. So that the strength obtained by the “Friction-Transfer” method at  
90 days compared to the 3 days at the three Curings mentioned is 2.39, 2.41 and 2.47, respectively. 
For the “Pull-off” test, the 90-day to 3-day strength ratio is 2.6, 2.58, and 2.47, respectively. 

The results of the compressive strength of both mortars show that the processing has in-
creased the compressive strength. The results of the compressive strength of both mortars show 
that the processing has increased the compressive strength. The practical application is because 
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cement hydration only occurs in hairy pores filled with water. Therefore, water loss due to evapo-
ration should be avoided to complete the hydration process, which can be achieved by application 
of process. A study on mortar compressive strength found that 28-day mortar compressive strength 
was about 37 % higher than its 7-day compressive strength [20]. Also, in another study for mortars 
processed in water, the 28-day compressive strength was 54 % higher than the 7-day compressive 
strength [21]. In this study, the 28-day compressive strength of water-processed mortar was about 
40 % higher than the 7-day compressive strength of the sample. 

Fig. 7 shows the correlation between the results of the “Friction-Transfer” test with the com-
pressive strength of M1 and M2 mortars.

Fig. 7. Correlation between compressive strength of repair mortar and results of  
“Friction-Transfer” test (MPa)

Considering Fig. 7 it can be seen that there is a high correlation between the results of the 
“Friction-Transfer” test and the compressive strength of the repair mortars. So that the results of 
“Friction-Transfer” test with compressive strength of repair mortar have a correlation coefficient 
of 98.6 % and determination coefficient of 97.4 %. Due to the high correlation coefficient between 
the compressive strength of the repair mortar and the results of the above method, it is easy to de-
termine the compressive strength of the mortar using the “Friction-Transfer” test.

Fig. 8 shows the correlation between the results of the “Pull-off” test with the compressive 
strength of M1 and M2 mortars.

Fig. 8. Correlation between compressive strength of repair mortar and results of  
Pull-off Test (MPa)

Considering Fig. 8, it can be seen that there is a high correlation between the results of the 
“Pull-off” test and the compressive strength of the repair mortars. So that the results of “Pull-off 
test” with compressive strength of mortar have coefficients of determination and correlation was 
94.8 % and 97.3 %, respectively. Due to the high correlation coefficient between the compressive 
strength of the repair mortar and the results of the above method, it is easy to determine the com-
pressive strength of the mortar by using the “Pull-off” test. 
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6. 2. Flexural strength of repair mortar
This section examines the flexural strength of repair mortars at ages 3, 7, 28, 42, and  

90 days, which were subjected to in-water processed with release and release materials until test-
ing. The results of the “Friction-Transfer” and “Pull-off” tests with M1 mortar tensile strength are 
shown in Table 6. In this table, the results of flexural strength, “Friction-Transfer” and “Pull-off” 
are averaged over the three tests, Table 6.

Table 6
Results of flexural strength, “Friction-Transfer” and “Pull-off” tests on M1 mortar (MPa)

90 days42 days28 days7 days3 days
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9.0911.512.088.7410.8111.58.0510.4811.047.489.8910.125.877.367.82Flexural strength
3.985.136.433.754.85.893.374.385.292.613.454.091.622.142.72“Friction transfer”
2.153.133.652.052.783.281.722.312.651.371.872.080.891.241.42“Pull-off”

According to Table 6 for M1 mortar it is observed that the flexural strength of mortars pro-
cessed with water is higher than those released in the outdoor. This is due to the completion of the 
cement hydration process inside the mortar to prevent moisture from escaping inside the mortar. 
For the mortars processed with water and with the materials processed with the mortars released 
in the outdoor, the 90-day flexural strength was 1.33 and 1.27 times, respectively. The same trend 
is observed for other ages, such that for water processed samples, the tensile strength values of  
3, 7, 28 and 42 days are 1.33, 1.35, 1.37 and 1.31 times, respectively. Tensile strength of mortar re-
leased in outdoor. For the samples processed with the active substances, the tensile strength of the 
outdoor specimens in the above ages was 1.25, 1.32, 1.3 and 1.24, respectively. The results of the 
“Friction-Transfer” and “Pull-off” tests on the processed specimens have also increased over time.

The results of the “Friction-Transfer” and “Pull-off” tests with the flexural strength of M2 
mortar can be seen in Table 7. In this table, the results of flexural strength, “Friction-Transfer” and 
“Pull-off” are averaged of 3 tests each.

Table 7
Results of Flexural strength, “Friction-Transfer” and “Pull-off” tests on M2 mortar (MPa)

90 days42 days28 days7 days3 days
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7.749.910.117.49.319.716.868.929.236.258.428.64.96.226.7Flexural strength
3.554.565.643.354.25.192.973.844.692.313.053.611.441.892.36“Friction transfer”
1.882.743.171.762.42.821.491.992.291.191.611.770.761.061.22“Pull-off”

According to Table 7 for M2 mortars, it is observed that the flexural strength of mortars 
processed with water is higher than the mortars released in the outdoor. For the mortars processed 
with water and with the materials processed with the mortars released in the outdoor, the 90-day 
flexural strength was 1.31 and 1.28 times, respectively. The same trend is observed for other ages, 
such that for water processed samples, the tensile strength values of 3, 7, 28 and 42 days are 1.37, 
1.38, 1.34 and 1.31, respectively. Tensile strength of mortar released in outdoor. For the samples 
processed with the active ingredients, the tensile strength of the outdoor specimens in the above 
ages was 1.27, 1.35, 1.3 and 1.26, respectively. The results of the “Friction-Transfer” and “Pull-off” 
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tests on the processed specimens have also increased over time. In another study on the flexural 
strength of mortars, it was found that the 28-day flexural strength of the specimen was about 7 % 
higher than the flexural strength of the 7-day specimen processed with water [21]. In this study, the 
ratio of bending strength of 28-day to 7-day samples processed with water increased about 7.5 %.

Fig. 9 shows the correlation between the results of the “Friction-Transfer” test with the flex-
ural strength of M1 and M2 mortars.

Fig. 9. Correlation between flexural strength of repair mortar and results of  
“Friction-Transfer” test (MPa)

Considering Fig. 9 it can be seen that there is a high correlation between the results of the 
“Friction-Transfer” test and the flexural strength of the repair mortars. Such a way that the results 
of “Friction-Transfer” test with tensile strength of repair mortar have a correlation coefficient of 
93 % and determination coefficient of 86.4 %. Due to the high correlation coefficient between the 
flexural strength of the repair mortar and the results of the above method, it is easy to determine 
the flexural strength of the mortar using the “Friction-Transfer” test. 

Fig. 10 shows the correlation between the results of the “Pull-off” test with the flexural 
strength of M1 and M2 mortars.

Fig. 10. Correlation between flexural strength of repair mortar and results of Pull-off Test (MPa)

Considering Fig. 10 it can be seen that there is a high correlation between the results of 
the “Pull-off” test and the flexural strength of the repair mortars. Such a way that the results of 
the “Pull-off” test with the flexural strength of the repair mortar have a correlation coefficient of 
92.3 % and a coefficient of determination of 85.3 %. Due to the high correlation coefficient be-
tween the flexural strength of the repair mortar and the results of the above method, it is easy to 
determine the flexural strength of the mortar by using the “Pull-off” test.

6. 3. Tensile strength of repair mortar
In this section, the compressive strength of repair mortars at ages 3, 7, 28, 42, and 90 days, 

which were subjected to in-water processed, with release and release materials, were tested. The 
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results of the “Friction-Transfer” and “Pull-off” tests with M1 mortar tensile strength are shown 
in Table 8. In this table the results of Pull-off, “Friction-Transfer” and “Pull-off” are averaged 
of 3 tests. 

Table 8
Results of tensile strength, “Friction-Transfer” and “Pull-off” tests on M1 mortar (MPa)
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2.794.375.442.453.974.872.283.794.641.832.923.451.141.92.35Tensile strength
3.985.136.433.754.85.893.374.385.292.613.454.091.622.142.72“Friction transfer”
2.153.133.652.052.783.281.722.312.651.371.872.080.891.241.42“Pull-off”

According to Table 8 for M1 mortar it is observed that the tensile strength of mortars pro-
cessed in water and with handling materials is higher than those released in outdoor. This is due to 
the completion of the cement hydration process inside the mortar to prevent moisture from escap-
ing inside the mortar. For mortars processed with water and with handling materials for mortars 
released in outdoor, the 90-day tensile strength was 1.95 and 1.57 times, respectively. The same 
is true for other ages, such a way that for water processed samples, the tensile strength values of  
3, 7, 28, and 42 days were 2.06, 1.89, 2.24, and 1.99 times the tensile strength of the mortar released 
in the outdoor, respectively. For the specimens processed with the active substances, the tensile 
strength of the specimens processed with the outdoor specimens was 1.67, 1.59, 1.66, and 1.62, 
respectively. The results of the “Friction-Transfer” and “direct traction” tests on the processed 
specimens have also increased over time.

The results of the “Friction-Transfer” and “Pull-off” tests with M2 mortar tensile strength 
are shown in Table 9. In this table the results of tensile strength, “Friction-Transfer” and “Pull-off” 
are averaged of 3 tests.

Table 9
Results of the Tensile Strength, “Friction Transmission” and “Pull-off” tests on M2 mortar (MPa)

90 days42 days28 days7 days3 days
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2.273.554.452.043.173.921.873.073.741.492.352.820.921.561.91Tensile strength
3.554.565.643.354.25.192.973.844.692.313.053.611.441.892.36“Friction transfer”
1.882.743.171.762.42.821.491.992.291.191.611.770.761.061.22“Pull-off”

According to Table 9 for M2 mortar it is observed that the tensile strength of mortars 
processed in water and with handling materials is higher than those released in outdoor. For 
the mortars processed with water and with the materials processed with the mortars released in 
the outdoor, the 90-day tensile strength was 1.96 and 1.56 times, respectively. The same is true 
for other ages, so that for water processed samples, the tensile strength values of 3, 7, 28 and  
42 days were 2.28, 1.89, 2, and 1.92 times the tensile strength of the mortar released in the out-
door, respectively. For the samples processed with the active ingredients, the tensile strengths of 
the specimens processed with the outdoor materials were 1.56, 1.55, 1.64 and 1.58, respectively. 
The results of the “Friction-Transfer” and “Pull-off” tests on the treated specimens have also 
increased over time.
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It can be seen that there is a high correlation between the results of the “Friction-Transfer” 
test and the tensile strength of the repair mortars (Fig. 11).

Fig. 11. Correlation between the results of the “Friction-Transfer” test with the tensile strength of 
M1 and M2 mortars

Such a way that the results of “Friction-Transfer” test with tensile strength of repair mortar 
have a correlation coefficient of 96 % and determination coefficient of 92.2 %. Due to the high 
correlation coefficient between the tensile strength of the repair mortar and the results of the above 
method, it is easy to determine the tensile strength of the mortar using the “Friction-Transfer” test.

Fig. 12 shows the correlation between the results of the “Pull-off” test with the tensile 
strength of M1 and M2 mortars.

Fig. 12. Correlation between the tensile strength of the repair mortar and the results of  
the “Pull-off” Test (MPa)

Considering Fig. 12, it can be seen that there is a high correlation between the results of the 
“Pull-off” test and the tensile strength of the repair mortars, so that the results of the “Pull-off” test 
with tensile strength of repair mortar have a correlation coefficient of 95.9 % and a coefficient of 
determination of 92 %. Due to the high correlation coefficient between the tensile strength of the 
repair mortar and the results of the above method, it is easy to determine the tensile strength of the 
mortar using the “Pull-off” test.

6. 4. The effect of water to cement ratio on mortar strength
Table 10 compares the results of compressive, flexural and tensile strengths of the mor-

tars, The compressive, flexural and tensile strength of M1 mortar are, on average, 1.19, 1.23 and 
1.17 times the M2 mortar strength, respectively, because M1 mortar has a lower water/cement 
ratio. For M2 mortar due to the large amount of water in the mix, some water remains when 
the concrete hardens, this confined water gradually vaporizes and leaves empty spaces, the 
presence of these holes reducing the strength of the concrete. But in M1 mortar, due to the low 
water-to-cement ratio, almost all water is consumed during the hydration reaction, so water 
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does not evaporate and the number of cavities decreases and does not decrease the strength of 
the concrete. The water to cement ratio has a direct relationship with the amount of cavities 
and their diameter inside the concrete and its increase reduces the compressive strength of 
the concrete. In general, according to Abram’s law, the strength of cementations materials is 
inversely proportional to the ratio of water to cement, assuming full compaction at a given age 
and ordinary temperature [22].

Hydration of cement is the result of chemical reaction between the molecules of the main 
components of cement and water. The main reactions between silicates in cement, C3S and C2S, 
with water (abbreviated H) are as follows.

32C S 6H C S H 3CH,+ → − − +  

22C H 4H C S H CH.+ → − − +

The hydration products based on the above relationships are calcium silicate hydrate and 
calcium hydroxide. C-S-H is actually C3S2H3 with C, S and H representing CaO, SiO2 and H2O, 
respectively. Also the CH compound is actually Ca (OH)2. Calcium silicate hydrate, C–S–H, is a 
high-strength solid compound so that the compressive strength of the hardened mortar is mainly 
due to the C–S–H compound. C3S along with water rapidly enters chemical reactions and hard-
ens mortars; so much of the resistance gained in the early days of its life was due to the chemical 
composition of water with C3S. Resistance after age 7 is more due to C2S reaction with water. 
Lack of moisture protection for the mortar causes a considerable part of the chemical reactions 
of the water and cement to fail and the mortar does not achieve the expected toughness and hard-
ness. Incomplete and inadequate handling, the compressive, tensile and flexural strength of the 
hardened mortar will be reduced.

In Fig. 13, photos taken from the mortar cured in water using scanning electron micro-
scope is shown. It can be seen from Fig. 13 that by maintaining the moisture content of the 
mortar by proper treatment, cracks inside the mortar are prevented, which reduces the mortar 
resistance.

Fig. 13. The result of scanning electron microscopy performed on the mortar

Fig. 14 shows photos taken of mortar released in open space using scanning electron mi-
croscopy. It can be seen from Fig. 14 that lack of moisture retention inside the mortar causes crack-
ing and empty and empty space, which causes the mortar resistance to decrease.
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Fig. 14. Scanning electron microscopy results on mortar released in open space

The ratio of tensile and flexural strength of repair mortars to their compressive strength.
Table 10 shows the ratio of tensile and flexural strength of repair mortars to their compres-

sive strength.

Table 10
Ratio of tensile and flexural strength of repair mortars to compressive strength 
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7.48.28.46.77.87.96.87.78.37.488.57.28.18.2M1Tensile to 
compressive 77.98.26.67.37.66.57.57.87.17.88.36.98.18.1M2

24.221.781/724.121.418.823.921.519.630.127.424.936.431.427.4M1Flexural to 
pressure 24.222192421.71923.921.819.429.927.825.237.132.328.7M2

Table 10 shows that the average tensile strength is about 7.64 % of mortar compressive 
strength and the ratio of flexural strength to compressive strength is 24.9 %. In another study on 
tensile strength of mortars it was found that the ratio of tensile strength of mortar to compressive 
strength is 7 %.

7. Discussion of results
Summarizing the results presented in Section 3, it can be concluded that there is a high 

linear correlation between the results of the readings obtained from the “friction transfer” and 
“pull-off” tests with the laboratory results. Since standard compressive, tensile and flexural tests 
are the major method for determining the strength of materials; therefore, it was attempted in this 
section to compare the results of the above tests to obtain the equivalent strength of cementations 
mortars from the results of the tests of “friction transfer” and “pull-off”. Standard compressive, 
tensile and flexural tests have shown the mortar resistance in certain conditions and it may not 
be due to factors such as disregard for the method of operation, the actual conditions of the 
structure, How to select samples from the entire collection, variations in the type and amount 
of materials from one module to another, and differences in compaction rates, differences in 
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mortar storage temperature and moisture content, the characteristics and properties of the mortar 
used in the different parts. Fig. 7–12 show that; the correlation coefficient between the results 
of standard laboratory tests and semi-destructive tests is 92 % and “friction transfer” and “pull-
off” respectively, this demonstrates the high accuracy of these tests for evaluating the strength 
of materials such as mortar and concrete performed at the site and at different ages. In addition 
to evaluating the application of the “friction transfer” method in determining the strength of 
cementations mortars, results were presented such as the effect of different techniques on mortar 
strength and the relationship between tensile and flexural strength and compressive strength of 
cementations mortars. Scanning electron microscopy showed that inactivity causes continuous 
cracks in the mortar, which reduces its resistance. 

8. Conclusion
In this study, the “friction transfer” test was used to evaluate the strength of cement mor-

tars at different ages under different operating conditions. Therefore, the relationship between the 
“pull-off” test and the standard compression, bending and tensile tests with the “friction transfer” 
test was investigated. The results are as follows:

Due to the high correlation coefficient between compressive, flexural and flexural strengths 
of mortars, The results of the “Friction-Transfer” and “Pull-off” tests can easily and in situ deter-
mine the mortar strengths using the above methods. 

The correlation coefficient between compressive, flexural and tensile strength of mortars 
and the results of “Friction-Transfer” test were 98.6, 93 and 96, respectively.

Correlation coefficients between compressive, flexural and tensile strength of mortars and 
the results of “Pull-off test” were 97.3, 92.3 and 95.9, respectively.

The treatment of mortars with water and handling agents showed that this increases the 
readings obtained from the “Friction-Transfer” and “Pull-off” tests and the compressive, flexural 
and tensile strengths of the mortars compared to the samples released in the open space.

The water-to-cement ratio has an inverse relationship with the strengths of the tests per-
formed on mortar so that increasing the water-to-cement ratio has reduced the resulting strengths.

The tensile and flexural strength of mortars are 7.64 % and 24.9 % of their compressive 
strength, respectively.
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